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Abstract
Novice drivers have disproportionately higher numbers of crashes than more experienced
drivers, particularly at night. There has been very little previous research investigating effects of
day versus night driving conditions on young drivers’ perception and understanding of various
driving scenarios, despite clear evidence that perceptual and cognitive errors are often
implicated in novice driver crashes. This project addressed that gap in research literature.

The participants were aged 16-30 years and varied from learner drivers to having more than 5
years of licensed driving. They each performed several driving-related tasks, both on-road and
laboratory-based, and data on their hazard perception and more general situation awareness
was recorded. Both qualitative and quantitative data analysis methods were used.

The less well-developed perceptual and cognitive skills of novice drivers (those aged 16-21 years
with learner or provisional driver licenses) were evident in many ways. They were less likely than
older drivers (those aged 21-30 with at least 5 years driving experience) to be aware of
inconspicuous and hidden hazards, which was a more common problem at night, and less aware
of the potential in some locations for other vehicles, not yet visible, to enter the road ahead.
They were also less likely to perceive curves in the road as requiring particular care, including
care in speed choice. More generally, they focused less on other road users and more on vehicle
control issues.

Results also showed that while driving speed is an important determinant of driving task
difficulty and associated risk, other important factors include visibility, the presence and
predictability of behaviour of other road users.

Conventional methods of driver training are known to be ineffective in decreasing novice drivers’
crash risk once they pass the licence test. Results from this project have potential application to
research aiming to develop more effective novice and young driver training methods.
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Definitions of Key Terms
The road safety research literature contains a multiplicity of definitions for key terms such as
‘hazard’ and ‘risk’, in some cases considering them to be separate concepts, and in other cases
conflating them. For example, Hoyos (1988) described ‘hazard’ as “the possibility that a mass,
i.e. a vehicle, might undergo a change in velocity or direction by colliding with a moving or nonmoving object or by swerving off the road.” Some researchers have distinguished between
‘actual hazards’, or situations presenting an objectively increased risk of accident, and ‘perceived
hazards’ or situations perceived by the driver as being risky (Lerner and Rabinovich, 1997).

Investigations of ‘risk’ and ‘risk perception’ have been similarly varied, with measures of risk
perception sometimes being based on cognitive assessments of the actual probability of a crash,
and at other times being based on the feeling or affective experience of risk. (Slovic & Peters,
2006; Kinnear, Kelly, Stradling & Thomson, 2013). In the public health and safety domain the
concept of ‘risk’ implies the possibility of some form of negative outcome and is sometimes
defined as the product of probability and severity of the undesired outcome (Haight, 1986).

To aid clarity, the following set of definitions has been adopted for use in this project. They
extend the definitions of “hazard” and “hazard perception” offered by Haworth, Symmons and
Kowadlo (2000) and risk-related terms discussed by Evans and Macdonald (2002). Also included
is Endsley’s (1995) definition of “situation awareness”, and a working definition of “novice
driver” as used in this project.

Hazard: a specific defined object, event or situation that increases the probability of a crash in
its immediate spatial and temporal vicinity; this risk (see below) can be mitigated by drivers’
perception of, and possible avoidance response to, the hazard. Examples of hazards include a car
braking sharply in front of another moving vehicle, or a tree branch fallen onto the road;
examples of hazard avoidance responses are braking to increase following distance, or steering
around the hazard.

Hazard perception: the process whereby a road user perceives a hazard. The precise perceptual
and cognitive processes that underlie hazard perception may vary depending on the driver’s
level of experience.
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Risk: the probability of a negative outcome, in this case a road crash, weighted according to the
severity of the negative outcome, and most usefully expressed as per some meaningful
denominator. (For example, one might talk of the risk of crashes per 1000 kilometres driven for a
certain class of driver.)

Risk factor: a general condition that increases the likelihood of a crash, and that can be
mitigated by use of general countermeasures and by driver counter-strategies. (Examples of risk
factors are driver inexperience, foggy conditions or a slippery, wet road; examples of general
countermeasures and counter-strategies that might apply to these risk factors are driver training
programs and licensing schemes that encourage inexperienced drivers to gain experience in safe
(or safer) circumstances, clear and visible markings along road edges, and road surfaces designed
to have good traction when wet.)

Note that a risk factor is distinguished from a hazard by being a general condition applying to the
driving situation, rather than a specific event or circumstance that a driver may choose to
respond to.

Perceived risk: the individual driver’s impression of the risk level associated with a hazard or risk
factor. Hazards vary in their perceived risk, which may be influenced both by the nature of the
hazard, and by the driver’s perception of their own competence, particularly their competence
to cope with the specific hazard.

Risk assessment: the process whereby a road user assesses the riskiness of a driving situation.

Situation Awareness: “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). This is distinguished from situation assessment, which is the
process of acquiring and/or maintaining situation awareness. Hazard Perception is considered to
be a component of Situation Awareness; in particular, hazard perception is awareness of
particular elements of the driving situation that involve hazardousness.
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Novice driver: Inexperienced drivers who are at disproportionate risk of crashes due to
incompletely developed driving skills. Drivers of various age and experience ranges have been
described as ‘novice drivers’ in the literature, but at its broadest the term generally covers
drivers under 25 years of age and is sometimes limited to drivers who have not yet obtained full
driver licenses or who have only been licensed for a year or two. Since the majority of drivers
start driving at a relatively early age, age and experience are strongly correlated; “young” and
“novice” are often (but not always) used interchangeably in the research literature.
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1.1. Crash Risk of Young Novice Drivers
It is well established that young novice drivers have a disproportionately high number of crashes.
This is a worldwide phenomenon, at least in countries where most drivers obtain their first
licence at a very young age. For example, an OECD report on young driver crashes (OECD, 2006)
showed a pattern of high crash risk among younger drivers in a range of countries, such as
Australia, New Zealand, Canada, France, Japan the UK and the USA. In these countries, drivers
aged 16-24 years constituted around 9-13% of the total population in their respective countries,
while comprising 13-32% of the drivers killed in road crashes (OECD, 2006). Figure 1.1 shows
fatality rates by age group for four OECD countries where solo driving occurs before 18 years of
age, and it is clear that death rates from traffic crashes follow similar patterns, with dramatic
early peaks for drivers under 21 across all four countries.

Data from the state of South Australia, where data collection for the present project was
conducted, showed that drivers and riders aged 16-19 made up 5% of the driving population and
accounted for 5% of driver and rider fatalities (an improvement on previous years) but 10% of all
serious injuries; and drivers and riders aged 20-25 constituted 7% of all drivers/riders but
accounted for 11% of South Australian driver/rider fatalities and 13% of all serious injuries for
2012-2016 (Department for Transport, Energy and Infrastructure, 2017).
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Figure 1.1: 2004 Driver fatalities per million population for different ages in selected OECD
countries (from Toroyan & Peden, 2007). This figure shows the most recent available data, which
is from countries where licensed solo driving occurs before 18 years of age.

The above OECD and South Australian data reports age-related differences in risk per head of
population, which leaves open the possibility that young drivers’ high risk might be due to their
driving greater distances than older drivers – that is, to greater quantitative exposure. Figure 1.2
shows that this is not the case. It presents 1996 Australian crash data per kilometres driven
rather than per head of population, and it can be seen that the youngest drivers have the highest
crash rate of any age group, decreasing to level out after 25 years of age or so and remaining low
from 30s to late 50s, from where it increases gradually as ageing effects come into play. This is
the general pattern in all countries for which such data controlling for distance driven are
available. It should be noted that since the majority of drivers start driving at a relatively early
age, age and experience are strongly correlated; “young” and “novice” are often (but not always)
used interchangeably in the research literature, and it is not always easy to tease out the
individual influences of each factor (see Section 1.2.2).
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Figure 1.2: Involvement in serious injury crashes by age adjusting for exposure and vulnerability,
Australia, 1996. Source: Oxley, Charlton, Fildes, Koppel & Scully (2004). Shows most recent
available Australian data.

1.2. Reasons for Young Novice Drivers’ High Crash Risk
1.2.1. Environmental and situational factors
As discussed in Section 1.1, young drivers’ higher risk relative to other age groups is not
explained by the quantity of their exposure to risk. However, the quality of their exposure – that
is, the riskiness of conditions under which they drive – can clearly contribute to their elevated
crash risk (Williams, 2003). This varies with a diverse range of factors categorised by Macdonald
(1994, Fig. 1) as: physical environment factors (road, traffic, vehicle and lighting characteristics),
legislative factors (e.g. speed limits, graduated licensing system), and social context factors (e.g.
trip purpose, passenger effects).
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Figure 1.3: Factors relating to young driver safety (from Bates et al., 2014)

Bates, Davey, Watson, King and Armstrong (2014) categorised exposure factors somewhat
differently (see Figure 1.3). In their model, ‘exposure factors’ combine quantitative exposure
(amount of time on the road) with ‘time of the day and week’ and ‘environmental factors’, while
combining other qualitative exposure factors as ‘social and situational factors’ – a very broad
category that includes some driver characteristics and behaviours (fatigue, mobile phone use),
while other driver characteristics and behaviours (e.g. personality, skills, motivation) are
specified separately.

Regardless of which model is applied these qualitative exposures and other factors increase the
riskiness of driving conditions in various ways. Some physical environment factors increase the
probability that a collision will cause injury (and therefore the probability that it will be officially
recorded in crash data). For example, young drivers are at greater risk because they are more
likely to be driving older vehicles, which are more likely to cause injury in a crash (Watson &
Newstead, 2009). Other factors increase driving task demands or difficulty, to an extent that
increases crash risk. For example, ‘unsealed road shoulders’ (another physical environment
factor) was found by Wundersitz (2012) to be a more common contributory factor in crashes of
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young drivers with less than one year’s experience (25.5% of cases) than in crashes of those with
more than one year’s experience (8.3% of cases). The driving task is also made more difficult (or
at least riskier), by factors that reduce the young driver’s available attentional capacity – as is the
case during mobile phone use, or when young drivers carry passengers who are peers (Neyens &
Boyle, 2008; Senserrick & Williams, 2015). Additionally, separately from the attention peer
passengers demand, their social influence may induce riskier decision making resulting in
excessive speed or unsafe overtaking (Simons-Morton, Lerner & Singer, 2005).

1.2.1.1 Driving at Night
Driving at night increases risk for drivers of all ages, but particularly so for young novice drivers
(Macdonald, Bowland & Hancock, 1994; Catchpole, 1997, The George Institute for Global Health,
2015). It is included as a risk factor in both the Macdonald (1994) model, where it is referred to
as ‘lighting characteristics’, and in the Bates et al., (2014) model, where it is implicit in ‘time of
day’.

Differences between daytime and night-time crash risk are clearly illustrated in the 2005
Australian data from the state of Victoria (Vicroads, 2005, as cited in The George Institute for
Global Health, 2015). These crash data are presented in units that control for differences in
distance driven and demonstrate that the increase in crash risk at night for probationary licence
holders is much greater than that for fully licensed drivers, particularly for fatal crashes (See
Figure 1.4).
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Figure 1.4: Victorian driver crash and fatal crash rates during the day (6am to 10pm) and night
(10pm to 6am) by licence type (Vicroads, 2005, as cited in The George Institute for Global Health,
2015). Most recent available Australian data.

There are many possible reasons for the over-representation of young inexperienced drivers in
night-time crashes. The incidence of alcohol/drug-affected drivers may be higher at night
(Alcañiz, et al., 2014; Houwing & Stipdonk, 2014) which would be expected to have an impact on
the predictability of other road users’ behaviour, thereby increasing driving task difficulty and
risk for all drivers. Another explanation proposed by Groeger (2006) is that sleep loss may
differentially affect driving performance of younger, less experienced drivers. Risk can also be
increased by poorer visibility at night, which increases driving task demands or difficulty. As
Macdonald (1994) wrote:
“With increasing experience drivers develop more accurate and detailed ‘mental models’
of traffic situations, so that their expectancies of ‘what might happen next’ correspond
better with reality. ... It can be predicted on theoretical grounds that the poor quality of
inexperienced drivers’ mental models and associated expectancies would present
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particular dangers at night, when information from the driving environment is
impoverished due to the lower light levels. In these circumstances the importance of
detailed and accurate expectancies would be maximised, since ... drivers would be
expected to place greater reliance on their expectancies when visual information is
degraded (as at night) than otherwise.” (pp.5-6)

While novice drivers’ perceptual/cognitive skills deficiencies specifically in night-time driving
environments have not been the focus of previous research, there has been considerable
research aiming to determine the extent to which young drivers’ inexperience influences crash
risk.

1.2.2. Effects of driving inexperience
The relative importance of age-related compared to experience-related factors as determinants
of young driver crash risk has been shown to be difficult to investigate (Brown, 1982; Catchpole,
1997; Sagberg & Bjornskau, 2006; McCartt, Mayhew, Braitman, Ferguson & Simpson, 2009).
Typically, driver age and experience are highly correlated because the vast majority of drivers
learn to drive at a relatively young age, so it is difficult to disentangle the expected influences on
crash risk of inexperience and consequent lack of skill from those of other age-related risk factors
such as their biopsychosocial immaturity (see Section 1.2.3). This has been known for some years
and was illustrated by a study of a United Kingdom novice driver cohort in 1988/89 (Maycock
and Forsyth, 1997) which reported that 43 per cent of this cohort of new drivers were aged 1719 years when they undertook driver licensing tests, 22 percent were 20-24 years, and the
remaining 35 percent were over 25 years. Data reported by Austroads (1999) shows a similar
pattern for age distribution of new driver licensees, as shown in Figure 1.5.
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Figure 1.5: Cumulative age distribution of new driving licensees from two Australian capital cities
(from Austroads, 1999). Most recent available Australian data.

Notwithstanding the high correlation between driver age and experience, there is evidence that
young drivers’ skill deficiencies due to their inexperience also have a substantial effect on crash
risk.

Maycock and Forsyth (1997) investigated relationships between licence test errors made by a
large cohort of U.K. novice drivers and their crashes during their first three years of driving.
Errors of ‘awareness and anticipation’ (p.14) were found to be the strongest crash predictors for
both men and women. The identified errors included: inadequate observations or precautions
before emerging from a junction, or while reversing, or while turning in the road, or before
starting the engine, or before moving off; insufficient notice taken of approaching traffic, or the
signals of other road users, or pedestrian crossing lights; and inadequate anticipation of the
actions of cyclists, pedestrians on a crossing, or other drivers. Consistent with these results,
research on relationships between drivers’ scores on hazard perception tests and crash risk has
found that poor score on the test is associated with higher crash involvement (Hull & Christie,
1992; Darby, Murray & Raeside, 2009; Horswill, Hill & Wetton, 2015). Similarly, McKnight&
McKnight (2003) investigated young drivers’ crashes and found that errors in judgement were a
bigger contributor to those crashes than intentional risk-taking behaviour. Their crash analysis
based on narrative descriptions of crashes by young drivers found that “the great majority of
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non-fatal accidents resulted from errors in attention, visual search, speed relative to conditions,
hazard recognition, and emergency maneuvers, with high speeds and patently risky behavior
accounting for but a small minority” (p.921). Risk decreases much more steeply during the first
year of licensed driving than it does in subsequent years (see Figure 1.6), and it seems unlikely
that age-related factors would change sufficiently over this short time period to account for the
steepness of the fall.

1.2.2.1. Crash data and novice driver crash types
The initial steep fall in risk post-licensing is illustrated by Kloeden (2008); see Figure 1.6. This
South Australian data also suggests that drivers who spent the shortest period as learner drivers
(less than 6 months) were at slightly higher risk during the early stages of licensed driving,
consistent with the concept of inexperience affecting crash risk.

Figure 1.6: Percent of South Australian provisional drivers involved in at least one car crash in the
given three-month periods, by length of time on learner’s permit (source: Kloeden, 2008). X-axis
depicts time since obtaining provisional license, divided into 3-month periods. Most recent
available South Australian data.

Analyses of the types of crashes in which young novice drivers are most often involved or over –
represented, and the factors contributing to these crashes, is another source of information on
the contribution of inexperience to crash risk. The fact that recently licensed young drivers
typically have a higher risk of single vehicle ‘run off road’ crashes is well established (Macdonald,
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Bowland & Hancock, 1994; Catchpole, 1997; Maycock, 2000; Kloeden, 2008; Wundersitz, 2012),
and that excessive speed is linked to their crashes (Harrison, Triggs & Pronk, 1999; Clarke, Ward,
Bartle & Truman, 2010). Wundersitz (2012) conducted in-depth analyses of a sample of 256
young driver crashes in South Australia during the period 1998 to 2009, and found that:
“The most common specific driver errors among the younger and less experienced drivers
were inadequate directional control ..., excessive speed ... and speeding for conditions. Of all
the errors related to inadequate directional control, 27 involved over-correcting, understeering or over-steering the vehicle on a curve ...” (p.6)
All this evidence suggests that deficiencies in vehicle control skills, possibly in combination with
perceptual/cognitive skill deficiencies, are probable contributors to young drivers’ crash risk.

Kloeden (2008) analysed data on the crash type involvement of South Australian drivers who
obtained their first provisional car licence between July 1998 and June 2001, and who were 16 to
19 years of age at the time of provisional licensure. He found that risk for the type of crash ‘hit
fixed object’ was initially the highest of any type but decreased most rapidly compared with the
other types (see Figure 1.7). The second highest risk type initially was for rear-end crashes, and
this risk was relatively slow to decline with increasing time and experience. Catchpole (1997)
found that young drivers were over-represented in rear-end crashes where the young driver was
driving the rear vehicle, suggesting risks attributable to inappropriate following distance
(possibly due to perceptual/ cognitive skill deficiencies), and/or to inattention/distraction linked
to youth-related factors (e.g. presence of peer passengers).
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Figure 1.7: Percent of South Australian provisional drivers involved in at least one car crash in the
given three month periods, by crash type (source: Kloeden, 2008). X-axis depicts time since
obtaining provisional license, divided into 3-month periods. Most recent available South
Australian data.

Kloeden (2008) also disaggregated right turn crashes into those where young drivers were
turning right (a manoeuvre similar to a left-hand turn as performed in countries where driving is
performed on the right hand side of the road) and those where they were continuing straight
ahead. Figure 1.8 illustrates Kloeden’s findings that the initial high risk for right turn crashes was
entirely due to those where the young driver was turning right, which he suggested “may reflect
the difficulty of determining a safe gap and making a filtered turn through oncoming traffic, a
skill that is learned slowly through experience.” (p.124).
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Figure 1.8: Percent of South Australian provisional drivers involved in at least one right turn car
crash in the given three month periods, by vehicle movement (source: Kloeden, 2008). Most
recent available South Australian data.

Wundersitz (2012) conducted in-depth analyses of a sample of crashes involving drivers under 25
years of age, looking separately at age-related differences in crash-related factors (drivers aged
16-19 years versus drivers 20-24 years) and experience-related differences (drivers with less
versus more than one year of driving experience post-licensing). As well as looking at crash types
she investigated a range of contributory factors, including driver errors identified by expert
analysis of information about each crash (independently of legal culpability). It was found that
73% of drivers made at least one error, with 48% making more than one. Overall, errors
categorised as related to decision making were most frequently identified, followed by vehicle
operation errors and three categories of perception errors: observation, recognition, and
visibility (vision obscured). Comparing error distributions for drivers with less than one year’s
experience to those of drivers with more than a year, statistically significant differences were
identified:
“…less experienced young drivers were more likely to make vehicle operation errors (71%
vs. 43%) and less likely to make perception errors involving visibility (7% vs. 21%)
compared to more experienced drivers (Χ2(4)=10.59, p=.032).” (Wundersitz, 2012, p.6)
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In contrast, age-based differences in error distributions, comparing drivers aged 16-19 years with
those aged 20-24 years, were not statistically significant, despite the unavoidably high
correlation between age and experience. This supports the evidence that experience is a
stronger influence than age on the kinds of errors made by drivers aged 16 to 24 years – a
finding supported by McCartt and colleagues (2009), who concluded in their review of the
literature that: “Of the studies that attempted to quantify the relative importance of age and
experience factors, most found a more powerful effect from length of licensure.” (p.209)

1.2.3. Personal characteristics
The most extensively researched crash risk reasons are those related to young novice drivers’
personal characteristics, which are clearly an important influence. These characteristics can
influence the total amount of driving (quantitative exposure to risk), the conditions under which
driving occurs (qualitative exposure), as well as the driver’s ability to cope with particular task
demands and more general driving strategies related to risk taking.

Personal characteristics include relatively stable factors such as gender and personality, along
with motivational/attitudinal factors that vary with age or maturational stage (Catchpole,
Cairney & Macdonald, 1994). While personality factors have been investigated in relation to
crash risk and have been shown to be linked to propensity to commit traffic offenses, the
relationship between individual personality factors and crash involvement appears much weaker
(Wundersitz, 2008). Age-related factors that have been identified as possibly contributing to
young driver crash risk include changes in hormone and energy levels linked to biological
maturation, and associated changes in cognitive functioning (Shope, 2006). There is some
evidence that the well-known risk-taking tendencies of adolescents are biologically-based (Spear,
2000; Keating, 2007), as are changes in sleep patterns and associated vulnerability to lack of
sleep and consequent fatigue, during the transition from childhood to adulthood (Groeger,
2006).

Young people’s socio-emotional development can also play an important role. Teenagers’
driving-related attitudes and behaviours are influenced by their parents (Bianchi & Summala,
2004; Ginsburg et al., 2009), while peer pressure can also be a strong influence as they attempt
to achieve autonomy from their parents and establish an independent identity in the context of
relationships with their peers (Simons-Morton, Lerner & Singer, 2005; Shope, 2006). Effects of
alcohol and/or other drugs may also increase young drivers’ crash risk, but this is highly
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dependent on social and legislative contexts: licensing systems such as graduated licensing that
give young/novice drivers a zero blood alcohol limit have been shown to reduce young driver
crash risk (Williams, 2006; Senserrick & Williams, 2015).

Another set of personal characteristics influencing young drivers’ crash risk are their driving skill
deficiencies (Catchpole, Cairney & Macdonald, 1994). These are expected to vary with amount of
driving experience, at least during the first few years of driving. Chapter 2 reviews the literature
related to driving skill deficiencies in greater depth, and evidence of the importance of young
drivers’ inexperience is outlined in Section 1.2.3.

Drivers’ personal characteristics interact in complex ways with a wide range of other factors to
influence crash risk. One commonly cited model of factors influencing driver behaviour that
takes a systems approach to assessing risk factors is Fuller’s task-capability interface model of
behavioural factors influencing driving behaviour and crash risk (Fuller, 2005). Figure 1.9 shows
this model. In this model, the driver’s personal characteristics are represented as ‘constitutional
factors’ (relatively stable), ‘competence’ (constitutional factors in combination with driving
experience and training/education), and capability in a particular driving situation, which is
influenced by situational ‘human factors’ along with a wide range of other factors that influence
task demands in a particular situation. These other factors include various environmental and
situational factors which can interact with personal characteristics and have substantial effects
on crash risk.
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Figure 1.9: The task-capability interface model. (from Fuller, 2005)

1.3. Research Purpose
It is clear that young novice drivers have an elevated crash risk compared with older and more
experienced drivers, and that one of the main reasons for this is their lack of driving experience
and associated deficiencies both in vehicle control skills and in perceptual/cognitive aspects of
driving skill.

Further, it is evident from previous analyses of crash databases that young inexperienced drivers
are at particular risk when driving at night compared to other drivers (Macdonald, Bowland &
Hancock, 1994; Catchpole, 1997, The George Institute for Global Health, 2015). While there are
some clear age-related reasons for this increased risk, perceptual/cognitive skill deficiencies are
also likely contributing factors but no previous research has explored exactly what these nightrelated skill deficiencies might be. Further, the peer-reviewed literature on young drivers’
perceptual/cognitive skill deficits more generally is fragmented, with comprehensive analyses
largely confined to ‘grey’ literature produced in the context of driver licensing, training and
performance assessment. Literature on this topic is reviewed in Chapter 2.
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A more detailed understanding of the perceptual/cognitive skills required for safe driving under
both day and night driving conditions and how these develop with increasing driving experience,
would be helpful in the development of more effective learner driver training programs. A
number of jurisdictions have introduced testing of cognitive driving skills such as hazard
perception as part of the driver licensing process (e.g. in Australia: Victoria: Congdon, 1999; New
South Wales: Roads and Maritime Services, 2016; South Australia & Queensland: Senserrick,
2007). However, these tests have been implemented largely without parallel research or a sound
basis to inform the kind of training required to accelerate the development of the skills being
tested.

In view of these research gaps, the overall purpose of the current research is to investigate
young novice drivers’ awareness of the road traffic environment, particularly aspects related to
hazards and risk, with a focus on looking for differences between responses to daytime and
night-time conditions and between young drivers with differing amounts of driving experience.
More detailed project aims are presented in Chapter 3, along with discussion of methodological
considerations and an overview of the remainder of this thesis. Chapter 2 reviews current theory
and empirical research evidence concerning the cognitive and perceptual driving skills of young
and/or novice drivers, including their ‘situation awareness’ particularly as it relates to hazards
and risk.
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2.1. Introduction
Chapter 1 provides the evidence that young novice drivers’ skill deficiencies are a significant
contributor to their elevated crash risk. Analyses of the types of driver errors associated with
novice driver crashes identified that cognitive errors were implicated at least as often as vehicle
operation errors, and perceptual errors were also frequent. This chapter reviews the theory and
empirical evidence relating to the perceptual and cognitive skill deficiencies that might underpin
those types of driver errors.

First, several general models of complex skill acquisition and performance are described to
provide a conceptual framework for the rest of the chapter, followed by a brief outline of some
models of driving behaviour. Findings from research on young drivers’ hazard perception and
risk assessment abilities are then reviewed. These topics have been a major focus of research
activity and are of particular importance in the present project. The final topic addressed is
perceptual aspects of night-time driving, a topic which is both very relevant and about which
there is remarkably little prior specific research.
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2.2. General Models of Complex Skill Acquisition and Performance
2.2.1. The skills-rules-knowledge (SRK) model and recognition-primed decisionmaking
According to Rasmussen’s (1993) SRK model, task performance can be characterised in terms of
three levels of cognitive control. Performance level is determined primarily by the characteristics
of the task being performed and by the individual’s level of expertise and familiarity with the
task, although it can be influenced also by the individual’s choice of performance strategy.
Wickens, Gordon and Liu (1997) combined the SRK model with a conventional information
processing model as shown in Figure 2.1 below, with information entering the system from the
environment (at the lower left) and from long term memory (at the bottom of the figure). This
model also depicts different levels of ‘situation awareness’, discussed in Section 2.2.2 below.

Figure 2.1: A generic information-processing model integrating views of naturalistic decision
making (from Wickens et al., 1997)

Importantly, performance at the ‘automatic’ or skill-based level requires minimal mental effort
since it is largely automatised, depicted in Figure 2.1 by the arrow going directly from ‘Perceive
cues’ to ‘Execute Action(s)’. Performance at this level is possible only to the extent that
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relationships between the task’s stimuli (cues) and responses (actions) are ‘consistently mapped’
– that is, stimulus-response relationships are consistent across time. It also requires that the
individual performing the task is familiar with these relationships – that they have developed the
relevant cue-action rules and other long-term memory content relevant to this task.

The role of individual knowledge and experience (stored in long-term memory) is depicted at the
base of Figure 2.1. The role of mental models or ‘schemata’ is particularly important in skills
development. Eysenck and Keane (1995, p.265) noted that schemata “reduce(s) the amount of
processing the perceptual system needs to carry out to identify expected objects ... thus freeing
resources for processing more novel and unexpected aspects of the scene”. Based on welldeveloped schemata (or mental models) and cue-action rules, people experienced in the task
can perform consistently mapped elements of the task at a skill-based level. For example,
experienced drivers steer their vehicle at a skill-based level because with the steering elements
of driving skill there is consistent mapping between visual stimuli concerning curvature of the
road ahead, the steering actions required to maintain the vehicle’s course along the road ahead,
and the vehicle’s responses (with associated feedback stimuli) to steering actions (Rasmussen,
1983). More broadly, highly experienced drivers are also able to recognise and respond to a
range of familiar driving situations at a largely skill-based level, based on long-term memory
input in the form of well-developed perceptual-cognitive schemata (cue patterns, causal
relationships) and associated expectancies. Performance may rise to a rule-based (‘intuitive’)
level when there is some scope for varying the response – e.g. when confronted by a traffic
signal change from green to amber (Rasmussen, 1983).

But skill-based performance is not possible even for highly experienced people when they
encounter situations they recognise as more unpredictable – such as when a driver sees a
vehicle changing lane rapidly and erratically ahead of them. This kind of situation demands
either knowledge-based or at least rule-based performance even from highly experienced
drivers, as skill-based performance requires consistent mapping of stimulus-response
relationships; a task that does not have this consistent mapping cannot be performed in an
automated, skill-based fashion (Logan, 1988). Even rule-based performance requires a limited
number of possible ‘if-then’ options; if there are many options from which to choose, or if rulebased processes do not generate an adequate solution and there is sufficient time, performance
shifts to the more cognitively intense but slower and more effortful knowledge-based processing
style. This is goal-controlled, analytical, and may involve mental simulations or trial-and-error
exploration as a means to select from among possible plans generated during analysis of the
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problem space (Rasmussen, 1983).

Klein’s (1993) model of Recognition-Primed Decision-making (RPD) describes one form of
knowledge-based processing. This model was developed from studies of experienced decision
makers in complex situations and can be considered as an expanded and elaborated version of
knowledge-based (and to some degree, rules-based) decision making as performed by people
with high levels of expertise. When experienced decision makers were interviewed regarding
their decision-making processes, they asserted that they were not running through every
possible option mentally before selecting an optimum one; they were not “considering
alternatives” or “assessing probabilities”. Instead, the experienced decision-makers were relying
on their abilities to recognise and appropriately classify a situation. Once they had determined
what category of case they were dealing with, they would generally also know a typical method
for dealing with it. In simpler cases, the situation is recognised and the obvious response is
implemented. In a more complex case, the decision-maker performs some conscious evaluation
of the potential response, generally using imagery to reveal any difficulties before
implementation. This evaluation might reveal flaws that need remedying, or perhaps the entire
plan might be deemed unworkable, and consequently get rejected in favour of the next most
typical response. To quote Klein: “Because of the importance of such evaluations, we assert that
the decision is primed by the way the situation is recognised, and not completely determined by
that recognition” (p. 140).

People who are very inexperienced with a task, particularly complex tasks such as driving a
vehicle on public roads, must perform many more task elements at knowledge- or rule- based
levels, compared with those who are highly experienced (Young & Stanton, 2007). This means
that they will experience the task as more difficult, requiring more concentration or mental
effort. For example, learner drivers with little experience at first struggle even to steer the
vehicle as they learn the basic stimulus-response relationships and ‘rules’ involved in this
element of the task. Performance starts at a knowledge-based level, progresses to rule-based,
and eventually becomes skill-based to the extent that there is consistent mapping of task stimuli
and responses. This general pattern applies to the development of all aspects of skilled
performance. In the case of driving skill, there is evidence that skill in perceptual-cognitive task
elements take considerably longer to develop fully than is the case for the perceptual-motor task
elements involved in steering (see Section 2.4).
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2.2.2. Situation awareness (SA): Endsley’s model and some alternative approaches
Endsley’s (1995) model of situation awareness (SA) also identified three hierarchical levels. In
this case, the first level consists of perception of the status, attributes and dynamics of relevant
elements in the environment, depicted in Figure 2.1 at the ‘intuitive’ level. As Endsley (2006)
observes, if perception of important information about a situation is lacking it is more likely that
the situation will be misunderstood (or incompletely understood). While increased expertise
brings with it better understanding of precisely which information is needed in more demanding
situations, failures in information perception can still occur even at high levels of skill in some
circumstances.

Level 2 situation awareness involves comprehension of the meaning and significance of
perceived information as it applies to the current situation, depicted in Figure 2.1 at the
‘analytical’ level (including the top row). Performance here goes beyond simple awareness of the
elements that are present, entailing synthesis of these elements into a holistic picture of the
environment in order to achieve an understanding of their significance in the context of task
goals.

The highest level, Level 3 situation awareness, is the projection of future actions and status of
elements in the environment and is achieved over time through experience in utilising both
Level 1 and Level 2 situation awareness, as mental models of the environment are developed
and refined through repeated exposure to recurring elements and situations in that
environment. These processes are represented in the top row of Figure 2.1, although these are
not explicitly labelled as Situation Awareness Level 3.

When applied to the driving task, this model suggests that the ability to predict future actions of
other road users is a skill that develops with driving experience – a prediction that might also be
based on the Skills-Rules-Model but is more explicit in Endsley’s model in regard to
perceptual/cognitive aspects of skill. This fits well with the suggestion that hazard awareness (or
perception) is in fact a specific manifestation of Level 3 SA (Endsley, 2006; Bates, Filtness, Fleiter,
Watson, Tones, & Williamson, 2013). Given that the process of acquiring and maintaining SA has
been shown to be cognitively demanding and not prone to becoming automatised with practice
(McKenna & Farrand, 1999), it is likely that, as Endsley (2006) suggests, the superior SA and
hazard perception performance shown by experienced drivers is at least in part a result of the
freeing up of cognitive resources by the automation of more basic driving tasks. These cognitive
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resources can then be deployed toward enriching and maintaining the experienced driver’s SA in
more challenging driving situations.

Some criticisms of Endsley’s model have been put forward by other researchers. Klein (2015)
claimed that Endsley has been less than consistent regarding whether or not SA is a state or a
process, arguing that in her original 1995 paper, she distinguished between situation awareness
(state) and situation assessment (process), but she later asserted that the distinction between SA
as a process and SA as a state is “a false dichotomy” (Endsley, 2015, p.11). She clarified this
issue, noting that the two term were originally disambiguated purely to clarify some
misunderstandings, and in fact situation awareness and the situation assessment process used
to achieve it are intertwined and interdependent. She goes on to state that subsequent
criticisms claiming that the SA model lacks detail with respect to processes used to achieve
situation awareness overlook the comprehensive discussions of these processes that she
previously provided.

Hoffman (2015) approached a discussion of Endsley’s SA model from a different direction,
noting that the arrows in the SA model diagrams (Endsley, 1995 and 2015) do not all seem to
serve the same function: some appear to signify triggers, others cause-and-effect relationships,
and yet others suggest information transfer between “boxes”. Given the lack of specificity in
these figures (and by implication, in the model itself), along with Endsley’s descriptions of SA as a
multi-level construct, it is unclear how to integrate these observations with Endsley’s recent
assertion that the “levels” in SA are not in fact supposed to be considered to be linear (Endsley,
2015). Do the boxes-and-arrows signify causal chains? Are the “levels” nested inside causal
chains? What, then, are “levels” if they are intended to be non-linear? Endsley provides some
clarification on this last matter, stating: “…while the three levels of SA represent increasingly
better SA, they do not necessarily indicate fixed, linear stages.” (Endsley, 2006, p.4) This is where
goal-driven behaviour enters the SA model: individuals seek information (Level 1 SA) to confirm
or deny their assessment of the situation based on their overall goals or their understanding of
and predictions for the current situation (Levels 2 and 3 SA). This is described as an iterative
process, and bears some similarities to Klein’ Data/Frame theory (Klein, Phillips, Rall & Peluso,
2007). This proposes that an observer constructs data as part of the process of understanding a
situation; Klein positions this as an alternative to Endsley’s SA model (Klein, 2015). The focus in
this theory is on “sensemaking”, or deliberate efforts by an observer to understand events. The
Data/Frame theory addresses active problem-solving rather than situation awareness per se,
although it does encompass much of what is also covered by the SA model.
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The detailed nature of some criticisms suggest that it is possible that some researchers may
regard SA more as a proposed mechanism (i.e. a detailed and accurate description of actual
mental processing) rather than as a model (i.e. a metaphor to assist in conceptualising certain
aspects of skilled performance). While SA as a conceptual framework is a useful tool for
describing the process of interpreting the driving environment, greater understanding of
underlying mechanisms would be helpful when attempting to apply the SA model in practical
contexts.

Some alternative formulations of SA have been proposed that build on Endsley’s model, such as
“distributed SA” (DSA), where SA includes not just what is in the operator’s head, but also
information held in the support equipment/system as a whole (Stanton, Salmon & Walker,
2015). Recent developments in vehicle automation (Banks, Stanton & Harvey, 2014) may make
models like DSA highly relevant in the near future. Issues that have been reported in the aviation
literature regarding maintenance of SA in a semi-automated environment such as “out-of-theloop” problems (Endsley & Kiris, 1995) may become a factor in driving contexts as levels of
vehicle automation increase.

Regardless of the possible limitations raised by others, the concept of SA, as originally proposed
by Endsley in 1995 and further developed and discussed (Endsley, 2006 and 2015), has proven to
be a very useful model in the context of understanding driving skill acquisition.

Research into skill acquisition and situation awareness in other domains has also produced
findings that can be applied to the development of novice drivers’ hazard perception and
situation awareness skills. Durso and Dattel’s (2006) review of the literature on the development
of operator expertise in a variety of transportation domains discussed differences in mental
models between novice and expert pilots. They observed that expert pilots recalled more
“concept words” and fewer “filler words” after listening to radio communications between pilots
and air traffic controllers (suggesting that experts made better use of mental models to organise
sensory data) (p.366). On this basis it might be expected that drivers with substantial on-road
experience would be more likely than novices to mention more “abstract” hazards that required
anticipation and interpretation beyond that which was directly visible in the driving
environment. This also aligns with Level 3 situation awareness, as described in Endsley’s (1995)
SA model.
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2.3. General Models of Driving Behaviour
Various general models of driving behaviour have been developed and reviewed, for example by
de Craen (2010), and Bates and colleagues (2013). Michon’s (1985) model specified three levels
of skill and control: the Strategic level (encompassing high level planning – trip goals, route, costversus-benefit issues, modality, etc.); the Tactical level (consisting of manoeuvering – for
example, obstacle avoidance, gap acceptance, turning or overtaking); and the Operational level
(vehicle control, which includes automated action patterns). Various other researchers have
built on this model since that time. Peräaho, Keskinen and Hatakka (2003) added a fourth
hierarchical level, that being “Goals for life and skills for living”, or global preconditions that
shape a person’s life in general such as personal motives, personality and demographic factors,
and overall lifestyle (p.6). Ranney (1994) combined the Michon model with Rasmussen’s SkillsRules-Knowledge (SRK) model to produce a matrix of driving tasks, shown in Table 2.1.

Table 2.1: Classification of a selection of typical driving tasks by Michon’s control hierarchy and
Rasmussen’s skill-rule-knowledge framework (from Ranney, 1994, p.743)
Strategic

Tactical/Manoeuvering

Operational/Control

Knowledge

Navigating in unfamiliar
area

Controlling skid

Novice on first lesson

Rule

Choice between familiar
routes

Passing other vehicles

Driving unfamiliar
vehicle

Skill

Route used for daily
commute

Negotiating familiar
intersection

Vehicle handling on
curves

Fuller (2005) took a rather different direction in his task-capability interface model of driving
(described more fully in Section 2.4.2 below), with a focus on threat avoidance and how driver
characteristics such as skill and self-assessment interact with environmental conditions and
traffic situations with which they are presented. This model was discussed in Chapter 1 as an
example of a model of how a driver’s ‘competence’ interacts with environmental factors to
influence overall driving performance. However, it sheds no light on the components of driving
skill. In fact, none of these general models provide specific details for understanding the
perceptual and cognitive skills required for safe driving, and none throw light on how these skills
can be expected to change with increasing driving experience, a question of particular
importance for this research project. The following section discusses this issue.
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2.4. Perceptual and Cognitive Aspects of Driving Skill
Some researchers have looked more specifically at skill-related aspects of driving performance,
largely in the context of driver training and licence testing. Deery (1999) defined driving skills as
“performance limitations on aspects of the driving task, such as the use of the steering wheel to
track to road” (p.226). More commonly, driving skills tend to be discussed in terms of
automaticity of performance. Logan (1988) stated that skills in general consist largely of groups
of automatic procedures and processes, and that they are acquired via repetition and practice in
a consistent environment. Clearly this is highly applicable to driving skills. The automated nature
of skills is referred to in many discussions of skill acquisition, and features in models of skilled
performance such as Wickens, Gordon and Liu’s (1997) Generic Information Processing model
(see Figure 2.1), which in turn incorporates Rasmussen’s (1983) Skills-Rules-Knowledge (SRK)
model as outlined above.

In the road safety literature driving skills are commonly divided into two sub-groups: vehicle
control skills (such as vehicle tracking, braking, accurate steering/reversing), and
perceptual/cognitive skills (such as hazard perception, situation awareness, and decisionmaking) (Brown, 1982; Isler, Starkey & Williamson, 2009; Beanland, Goode, Salmon & Lenné,
2013). Vehicle control skills are the focus of the early stages of the process of learning to drive
and are acquired relatively quickly by most novices, while perceptual/cognitive skills take
considerably longer to acquire (Isler & Starkey, 2012). As a result, novice drivers obtain their
drivers’ licences when they have achieved vehicle control but while safety-critical skills such as
hazard perception and risk assessment are still being learned.

2.4.1. Hazard perception
Experimental data confirm that hazard perception is a skill that is acquired like any other, and
that drivers’ performance in hazard perception tasks improves over time as they gain driving
experience through being learned with repeated driving task performance (e.g. von Benda &
Hoyos, 1983; Hull & Christie, 1992; McKenna, Horswill & Alexander, 2006; Beanland et al., 2013).
The exact nature of what is learned during this process is less clear.

Inexperienced drivers have been repeatedly shown to be both less likely to detect on-road
hazards, and slower to respond to them when identified. For example, Quimby and Watts (1981)
found poorer hazard detection in novice drivers when investigating a number of driving-related
factors in drivers aged 17-72 years. Hazard perception was assessed by participants viewing films
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of traffic recorded from a drivers-eye perspective and indicating “potential risk or danger” by
positioning a response lever. The younger (and older) drivers reacted more slowly to hazards,
but younger drivers also had a lower “safety index” than others, a performance-based measure
of risk-taking behaviour that was based on the difference between forward visibility distance
and calculated stopping distance (itself based on actual speed driven) in specific on-road
locations with restricted forward visibility.

Reaction time-based hazard perception tests are not without critics, who have suggested that
there may be validity issues for typical implementations of this type of measure. Parmet, Meir
and Borowsky (2014) have suggested that some apparently contradictory results found in the
literature when using reaction times to measure hazard perception skills can be explained by the
different methods used by various researchers for dealing with non-responses. Common
practices for handling non-responses to presented hazards (e.g. omitting them or replacing them
with mean or maximum scores) tend to obscure them in the analysis and can lead to differing
conclusions depending on which method is used. Crundall (2016) observed a lack of clarity
regarding exactly which elements of hazard perception skill are being measured in simple
reaction time-based tests - are they measuring the perceived hazardousness of the event? Time
taken to process the hazard? Level of confirmatory evidence required before responding to a
hazard? Some other thing? While this may not be a problem for diagnostic tests such as those
employed in driver licensing to separate safe and unsafe drivers, it presents more of a challenge
when trying to interpret test results and integrate them into a theoretical framework explaining
driver skill acquisition and behaviour.

McKenna and Crick (1991) required research participants to press a button when they identified
hazards in video clips of driving situations. They found a “clear hierarchy of group performance”,
(p.43) with experts (police driving instructors) scoring better than experienced drivers, who
themselves scored better than novices, for both shorter reaction time to the hazards and fewer
missed incidents. The difference between experts and experienced drivers (who were matched
for age) was attributed to the additional intensive training received by the experts, which
included hazard perception training. More recent research by McKenna, Horswill and Alexander
(2006) found that accurate anticipation of hazards may be a large component of hazard
perception skill; in particular, training that required participants to make active predictions
about the hazardous situations presented resulted in shorter hazard detection times.
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This subsequent research also found that as well as improving participants’ hazard perception
skill, anticipation-based hazard perception training appeared to reduce the extent of their risktaking behaviour. This suggests that at least some of the time, behaviours that are often
classified as evidence of “risky” attitudes may be undertaken by inexperienced drivers through
lack of knowledge of the risk, rather than as a deliberate choice to accept the risk.

Novice drivers have also been shown to be less likely to recognise moving objects as being
hazardous. Soliday and Allen’s (1972) study of hazard perception was unique in that it
specifically investigated whether drivers of different ages and experience differed in their
reporting of static or moving hazards while driving. They required participants to drive along a
set course and report all hazards they perceived during the drive. They found that younger
drivers were more likely to report static objects to be potentially hazardous, whereas older
drivers were equally likely to report moving and non-moving objects as hazards. These
performance differences between participants were explained in terms of age. While experience
was not controlled for, greater driving exposure was suggested as one possible explanation for
age differences found, given that driving performance (as indicated by two vehicle control
measures: speed variation and lane changes) was similar across age groups.

Considerable research in the United Kingdom has investigated relationships between young
drivers’ visual scanning behaviour, available attentional resources and perception of traffic
situations (Chapman & Underwood, 1998; Konstantopoulos, Chapman & Crundall, 2010;
Underwood, 2000). These researchers have documented ways in which novice driver visual
search patterns differ from those of more experienced drivers. It appears that a significant factor
underlying these differences is that experienced drivers have a lower demand for foveal
attentional resources, due to their more automatised level of skill development. That is, the
‘useful field of view’ is evidently smaller in novice drivers, with the peripheral visual field less
accessible to them, just as it is among those older drivers who experience deterioration in their
information processing capacity (Owsley et al., 1998). They additionally observed that older
drivers also have physiological changes in vision which relate to visual field deficits.

Further details regarding specific differences between the hazard perception skills of novices and
experienced drivers have emerged in more recent research. There have been findings suggesting
that the novice and experienced drivers react differently to specific details of the hazards
presented in hazard perception tests. For example, Borowsky, Shinar and Oron-Gilad (2010) used
a video-based hazard detection task that included both planned (staged) hazards, and naturally45

occurring hazards. Staged hazards included anticipatable dynamic elements such as a cyclist
suddenly swerving into the middle of the road when the driver of a parked car (with lights on)
opens the car door in front of the cyclist, or a roller-blader moving onto the road to avoid a car
parked partially on the footpath. They found that novices were less likely than experienced
drivers to recognize hidden hazards (i.e. hazards that were initially visually obscured and became
visible later in the clip) and potential hazards (defined as “unplanned events in which a hazard
did not materialize (e.g. intersections, and pedestrians walking on the curb)” (p.1247)). Three
groups of drivers (novices aged 17-18, young experienced drivers aged 22-30, and older
experienced drivers aged 65-72) were asked to press a button to indicate hazards while watching
videos of traffic situations, while connected to an eye-tracking system. Older experienced drivers
were more sensitive to “potential hazards” (i.e. situations where a hazard might but did not
eventuate, such as an intersection or a pedestrian on a footpath) than novices. Novices were less
likely than the other two groups to detect potential hazards when they appeared in a sequence
following planned hazards, which contrasted with the behaviour of both groups of experienced
drivers who continued searching for hazards following the planned hazard event.

A subsequent study by Borowsky and Oron-Gilad (2013) used a similar task with three
experimental groups with varying driving experience. The first group was of young (17-19.5
years) drivers who had less than three months of licensed driving experience, and the second
were aged 23-29 years with at least five years of driving experience. However, instead of an
older driver group as the third group, they used taxi drivers aged 29-56 (who had vastly more
driving experience than non-taxi-drivers of the same age). Another difference from the previous
study was that rather than simply pressing a button to signify a hazard in the video clip,
participants were instructed to press the button to signify that they might take a possible action
in response to a hazard (e.g. swerving, horn tooting, braking) in order to prevent a crash. This
methodology presumably narrowed the range of situations identified and made “potential
hazards” less likely to elicit a response. This project also included a “hazardousness” (i.e. risk)
rating task. They found that youngest drivers had problems anticipating a pedestrian obscured
by other vehicles stopped at a zebra crossing but identified the pedestrian successfully when
they became visible; whereas other drivers responded while the pedestrian was still obscured.
Also, taxi drivers rated the control videos (without staged hazards or anything that the
experimenters deemed to require an evasive response) as being more hazardous than did other
groups. From this they concluded that awareness of hidden hazards is a skill that develops with
driving experience.
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Crundall (2016) expands further on this. In a study investigating whether video-based hazard
prediction tasks discriminate between novice and experienced drivers, it was found that the
specific nature of the hazard precursor was crucial. Little difference in performance was
observed between experience-based groups for “Behavioural Prediction hazards” (hazards with
a precursor based on the behaviour of another road user, such as a pedestrian pushing a bicycle
toward a pedestrian crossing), where the relationship between precursor and hazard are
relatively direct and obvious. However, there was a clear group difference in performance for
hazards with indirect precursors - “Environmental Prediction hazards” whose potential presence
is marked by environmental elements, such as a large parked vehicle that may be occluding
pedestrians about to step into the road. In these cases, experienced drivers were able to use
these indirect hazard precursors to predict hazards accurately, whereas novices lacked this skill.

2.4.2. Perceptions of risk and difficulty
Whereas hazard perception is the process by which a driver perceives a specific on-road hazard,
risk perception refers to the process by which a driver perceives the level of risk. ‘Risk’
definitions vary considerably between different domains, but in public health and safety the
concept of ‘risk’ implies the possibility of some form of negative outcome and is sometimes
defined as the product of probability and severity of the undesired outcome (Haight, 1986). In
the more specific context of driving and road safety, the outcomes most often considered are
the probabilities of crashes or crashes resulting in property damage, personal injury or death.
Risk in this sense can be calculated objectively in a variety of ways, but the focus of this research
is on driver perception of risk.

Summala (1988) proposed that drivers maintain a safety margin of physical or temporal space
between themselves and potential hazards, and that this process becomes automatised with
increasing driving experience. Summala’s model asserted that as novice drivers accumulate
driving experience without incurring a crash, their initial feelings of risk and fear are extinguished
over time, in accord with learning theory principles. On this basis, it might be expected that
those with greater driving experience would perceive less risk than novices.

However, the balance of empirical evidence (as outlined in Section 2.4.1 above) suggests that
the reverse is true, and it has been suggested that this might be because risk perception is also
influenced by drivers’ perceptions or beliefs concerning their own driving skill level. For example,
Brown and Groeger (1988) argued that when driving in relatively stable and predictable traffic
conditions, drivers tend to maintain a safe margin of space around them. They suggested that
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when road traffic conditions are more variable and unstable, drivers may perform additional
mental comparisons of likely manoeuvres by nearby vehicles and select responses as needed
from a repertoire of learned hazard-avoidance manoeuvres. For specific actions involving risk
taking (rather than risk avoidance or reduction), a mental simulation may be performed to
assess risk level; if the manoeuvre is not considered entirely safe at that time, drivers may assess
possible ‘crash avoidance demands’ in relation to their own ability to handle those demands,
and on this basis decide whether or not to perform the risky manoeuvre. That is, they balance
perceived driving task difficulty against their own (perceived) driving abilities. Novice drivers,
particularly young males, are prone to over-estimating their own skill level, which is often
referred to as poor ‘skill calibration’ (see Section 2.4.3 below).

Another possibility that should be kept in mind is that drivers may not in fact be making
decisions on the basis of risk assessments made while driving at all. Wagenaar (1992) analysed
the role of risk-taking and mis-perception of risk in accidents occurring in a variety of contexts,
such as road traffic accidents, maritime disasters and workplace injuries. He found little evidence
that accidents were caused by risk acceptance or mis-perception of risks by those directly
involved; while their routine behaviours may have contributed to the accidents that they were
involved in, they did not generally consider the risks in advance, or base routine operational
decisions on evaluation of these risks. Decisions based on actual assessment and acceptance of
risks were found to be made at high strategic organisational levels, remote from those who
actually interacted with the risky situations. Wagenaar summarised his findings thus: “At the
end, risk taking is the cause of almost all accidents. But it is not always easy to find those who
took the risks; too often they are confused with those who ran the risks” (Wagenaar, 1992,
p.279).

Measures of risk perception used by previous researchers vary considerably, ranging from
estimates based on cognitive assessments of the actual probability of a crash, through ratings of
the feeling or affective experience of risk, to physiological indices such as skin conductance
responses (Slovic & Peters, 2006; Kinnear et al, 2013).

Theoretical concepts of ‘difficulty’ differ from those of risk. In the task-capability interface model
and subsequent risk allostasis theory (Fuller, 2005; Fuller et al, 2008; Fuller, 2011), ‘difficulty’ is
described as a function of the gap between task demands and the driver’s ‘capability’ to cope
with these demands. In this context, difficulty is synonymous with ‘mental workload’, which is a
well-developed and validated construct in the field of human factors psychology (Kahneman,
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1973; Fuller, 2005). This is the sense in which ‘difficulty’ is used in this discussion. Difficulty can
be measured in various ways including indices of primary task performance (Alm & Nilsson,
1995), secondary task performance (Cantin, Lavalliere, Simoneau & Teasdale, 2009),
physiological indices (Borghini, Astolfi, Vecchiato, Mattia & Babiloni, 2014), and subjective
ratings (Fuller, McHugh & Pender, 2008; Lewis-Evans & Rothengatter, 2009). The latter type,
subjective ratings, is the most widely used and validated, and this is the kind of measure selected
for use in this research.

The concepts of driving risk and driving task difficulty are linked by the general expectation that
driving performance errors will be fewer and therefore risk will be lower when task difficulty is
low. Fuller (2005) reviewed empirical evidence that drivers tend to maintain perceived task
difficulty within a personally acceptable range by varying their own vehicle speed and suggested
that: “By providing feedback regarding the relationship between task demand and capability,
feelings of risk enable the driver to maintain difficulty within preferred boundaries” (Fuller,
2005, pp.469-470). Fuller and colleagues (2008) found high correlations between perceptions of
‘risk’ and ‘difficulty’, with an overall value close to 0.97. Based on this, they suggested that
measures of perceived risk and perceived difficulty are “virtually substitutable for each other”
(p.19), and “risk feeling can behave as a surrogate for task difficulty” (Fuller, 2011, p.18).
However, the ecological validity of these studies is questionable because their main source of
variation in task demands and related difficulty ratings was variation in vehicle speed, achieved
by digitally altering videos of three road sections: “a residential road, a narrow country road with
no edge or centre line markings and a two-lane dual carriageway”, with no other traffic present
(Fuller et al., 2008, p.15). They found little variation between the three road types in either
difficulty or risk ratings.

Kinnear, Stradling and McVey (2008) used the same kind of stimulus material for their research
but with four types of road sections: residential; straight country; bendy country; dual
carriageway. Vehicle speed was digitally manipulated within each of the four road types, over
the following ranges: 20 to 60mph for the residential road; 30 to 70mph for the two country
road sections; and 60 to 100mph for the dual carriageway. They found that strength of the
correlation between risk and difficulty ratings was “influenced by the environment and the type
of road being driven on” (p.362), although variation between road types was less than variation
with speed. Within each road type, correlations between risk and difficulty increased with
increasing speed, ranging from 0.62 to 0.65 (depending on road type) at the lowest speed up to
0.78 to 0.86 at the highest speeds.
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Lewis-Evans and Rothengatter (2009) used a driving simulator to investigate the relationship
between perceived risk and difficulty levels in a similar fashion, systematically varying speed.
They presented subjects with simulated sections of a residential street and a dual carriageway
with no other traffic present (as in the above studies) and no speed limit signs. Results
supported the previous evidence of a strong positive relationship between risk and difficulty
perceptions but differed in that this relationship was not evident at the lowest speeds where
both risk and difficulty were extremely low. Importantly, they acknowledged that the road
scenarios presented by the simulator were less complex than those in real road-traffic scenarios,
as was the case also in a number of other studies (Fuller et al., 2008; Kinnear et al., 2008; LewisEvans & Rothengatter, 2009). The extreme simplicity of the stimulus material used in these
studies, with no other road users present, represents an important limitation to their ecological
validity because in ‘real world’ scenarios, task demands are influenced by a wide range of
variables that include other road users, as depicted in the modified version of the task-capability
interface model presented by Kinnear and colleagues (2008, p.350).

Of the above studies, that of Kinnear and colleagues (2008) was the only one to also investigate
possible effects of driving experience. They compared risk and difficulty perceptions of learner
drivers (mean age 21.3 years, with a mean of 17 months as a learner), inexperienced drivers
(mean age 20.8 years, mean of 1.4 years post-licensing), and experienced drivers (mean age 29.8
years, and a mean of 9.9 years post-licensing). There were no statistically significant differences
between the three groups in either difficulty or risk ratings, although for both factors there
appeared to be a trend across all four road types for experienced drivers’ ratings to be a little
lower than that of the other two groups.

Larger differences between groups varying in age and driving experience were reported in earlier
research by Groeger and Chapman (1996), but their measures of perceived difficulty and risk
were very different from the above, being derived from analyses of responses by participants to
each of a set of twelve 7-point scales comprising the Judgement of Traffic Scenes (JOTS). The
main focus of interest was on how participants “conceptualize the danger involved in various
video-taped driving scenarios” (p.349), and to examine “whether different drivers [varying in age
and driving experience] use demonstrably different ways of assessing driving situations” (p.352).
The 12 JOTS scales were:
“… selected on the basis of extensive verbal protocols collected for each stimulus (e.g.
speed, proximity to other traffic, skill required), and on the basis of previous studies of risk
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estimation, which have simply relied on brief verbal descriptions of everyday risks as stimuli
(e.g. degree of control over getting cancer, seriousness of consequences of getting cancer,
etc., see Johnson and Tversky, 1984).” (Groeger & Chapman, 1996, p.352)
They presented the JOTS scales six at a time, following presentations of each of a set of 24 video
clips of various road traffic scenarios filmed from a driver’s viewpoint. The video clips all entailed
driving through one of eight road junctions of various kinds in which various other road users
were present and mean vehicle speeds per clip ranged from 16.3 to 43.7 miles per hour.

Principle Components Analysis (PCA) of participant responses, with Varimax rotation, identified
three main components, which were termed ‘Difficulty’, ‘Danger’ and ‘Abnormality’. However,
the ‘Danger’ factor (interpreted as equivalent to ‘risk’ by Fuller, 2005) included a scale asking
“How hard would you need to concentrate to drive safely in this situation?” (p.364). This is
noteworthy because concentration demands mental effort which is central to definitions of
mental workload and hence ‘difficulty’ as defined above. Also, the ‘Difficulty’ factor included a
scale asking “How many accidents do you think occur at this junction?” (p.364), which clearly
refers to risk, although in the cognitive rather than the feeling sense. Another of the scales asked
“How much risk would you have felt in that situation?” (p.364), and though this loaded most
strongly on the Risk factor (.776), as would be expected, it also had a statistically significant
loading (.389) on the Difficulty factor. These results suggest that for people without technical
expertise in this domain, the concepts of ‘risk’ and ‘difficulty’ are not as clearly distinguishable as
might be assumed. To look at interrelationships between the factors, oblique rotation was used
followed by calculation of correlations, and a significant negative correlation of -0.282 between
Difficulty and Danger was found. Not surprisingly, this relationship between factors derived by
PCA differs substantially from the positive relationships found between direct ratings of
perceived risk and difficulty, and the difference between the two adds weight to the conclusion
that participants’ concepts of ‘risk’ and ‘difficulty’, which must underpin direct ratings, are not
clearly differentiated.

Analyses to determine whether participants’ age or level of driving experience influenced their
responses found that ‘Danger’ factor scores were higher for the oldest group, who had a mean
age of 54 years; the three other groups had mean ages of 19 years (0.5 years driving experience),
29 years (12 years’ experience), and 30 years (0.1 years’ experience). They also found that in
response to the item “How busy did you feel the situation was?”, the two groups with minimal
driving experience were significantly more likely to see the road traffic scenarios as busier than
did the other two groups (p.360). This scale was part of the Difficulty factor, and the result is
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interesting because ‘busyness’ reflects visual complexity, which is an aspect of task difficulty that
was not addressed in the more recent research by Fuller and others. However, these findings are
in contrast to those of Grayson, Maycock, Groeger and Hammond (2003) who also used the JOTS
measurement method. They found a significant positive correlation of 0.63 between the
‘Difficulty’ and ‘Danger’ factors, and no significant differences in this relationship between
participant groups who differed in age and driving experience.

2.4.3. Skill calibration
There is considerable evidence that young novice drivers, particularly males, have a tendency to
under-estimate risk which may be partly due to over-optimistic evaluations of their own driving
skills, especially when they compare themselves with other drivers (Rosenbloom, Shahar, Elharar
& Danino, 2008). Drivers’ assessment of their own driving capabilities and associated
adjustment of driving task demands (e.g. by driving more slowly) has become known as
‘calibration’ and is becoming increasingly recognised as a potentially driving skill in its own right
(Kuiken & Twisk, 2001; Mitsopoulos, Triggs & Regan, 2005).

Matthews and Moran (1986) found that young male drivers rated their own risk of a crash, and
their own driving abilities, as being the same as older male drivers despite the fact that they are
in reality more likely to be involved in a crash than older drivers. Young males were more likely
to give lower risk ratings to driving situations that “demanded fast driving reflexes or substantial
vehicle-handling skills”, and to rate other younger drivers (but not older drivers) as being more
at risk of a crash and having poorer driving abilities than themselves (p.299). In a similar study,
Finn and Bragg (1986) found that young male drivers considered their own risk of a crash to be
substantially lower than that of both their peers and of older male drivers, whereas older male
drivers rated their crash risk as being comparable to that of their peers, and less than that of
younger male drivers. (Neither study included female drivers in their sample.) Similarly, Lerner
and Rabinovich (1997) used a video-based rating task and also found that all male and all
younger drivers tended to rate the risk of collision as lower and considered themselves to be
more able to avoid the hazard due to their superior vehicle handling skills, when compared to all
female and all older drivers. In this case the younger drivers were aged 16-17 years, and the
older drivers were aged 25-47 years (with a mean age of 35.1 years).

More recently, Kinnear and associates (2013) compared real-time continuous ratings of risk with
skin conductance responses while three groups of participants (novices, inexperienced and
experienced drivers, aged between 17-31 years) watched videos clips of driving situations. They
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found no significant effect of driving experience on risk ratings, but experienced drivers
produced significantly greater skin conductance response scores, indicating that they had an
affective response to hazards in a greater number of video clips than learner drivers, both
immediately before and during the hazards depicted in the video clips. They concluded that this
difference in psycho-physiological responses (although not in cognitive responses) was likely due
to the learner drivers not yet having sufficient on-road experience to fully appreciate driving
risks. They also noted that the lack of group differences for the cognitive risk rating task may
have been due to using source material that had been validated for reaction-time-based testing
of hazard perception skills rather than for a continuous-risk-rating task.

De Craen (2010) found that younger drivers’ level of (over)estimation of their own driving skills
depended on how the question was asked. When comparing themselves to “the average driver”
novice drivers were less optimistic than experienced drivers about their driving skills and
perceived risk in traffic. On the other hand, when comparing themselves to their peers, novice
drivers were more optimistic than experienced drivers about their driving skills and perceived
risk. Interestingly, when these self-ratings were compared with professional driving licence
examiners’ opinions of participants’ driving skills, it was found that the lowest-performing
novices were just as confident about their driving skill as were the highest-performing novices,
whereas the lowest-performing experienced drivers were less confident about their driving skill
than other experienced drivers.

These findings of young driver overconfidence are consistent with those from a qualitative
project undertaken by Christmas (2007), who conducted a series of discussion workshops
involving 55 participants aged 17-25 years (26 male, 29 female). Participants were asked to talk
about the process of learning to drive, what constitutes “good driving”, and the implications of
these characteristics for their own driving behaviour. One finding was that some young drivers
hold an “innate talent” model of driving skill. These drivers were found to be (over)confident,
with a self-reinforcing belief that their own innate driving talent justified their confidence.
Drivers holding a “talent” model appeared to feel that their innate driving talent meant that the
risk in any given situation was lower for them than it would be for other drivers. Christmas
(2007) observed that these drivers reported being less cautious in their driving and noted that
they were inclined to take on challenges that were beyond their capabilities. In other words,
these young drivers’ self-perceived driving skill was poorly calibrated in relation to actual driving
task difficulty and associated risks.
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2.5. Perceptual Aspects of Night-time Driving
It has been widely reported that less-experienced drivers are more likely to crash while driving at
night (Macdonald, Bowland & Hancock, 1994; Catchpole, 1997, Adams, 2003). There is some
research evidence that aspects of human vision in low-light situations may differentially affect
driving risk at night. For example, Plainis and Murray (2002) found that in a laboratory task,
stimulus conspicuity was inversely correlated with reaction time, particularly for stimuli
presented in participants’ peripheral visual fields. Extrapolating from this finding they inferred
that reduced visibility in driving situations could lead to increased braking distances, especially
for potential hazards that must be detected primarily with peripheral vision. A subsequent paper
by Plainis, Murray and Charman (2005) developed this research further, investigating visual
thresholds under lighting conditions typical of urban night lighting. They found that objects in
the far periphery of participants’ vision needed the luminance to be increased by a factor of two
(compared to foveal targets) to be reliably visually detected. While it is likely that these factors
increase night-time driving risk, this project will be focussing on night-day differences in situation
awareness and hazard perception rather than these physiological aspects of vision in low-light
driving conditions.

Research is surprisingly sparse on the subject of exactly how driver awareness and perceptions
of the environment and associated risk sources is affected by night-time driving conditions, but
there is some evidence that changed visibility conditions can affect perception in ways beyond
simply reducing contrast, detail, and visibility at distance. For example, Shinar and Drory (1983)
found that recall of road signs was higher for night-time driving conditions compared to daytime,
which may reflect the higher conspicuity of reflectorised signs at night within a generally dark
background, relative to the conspicuity of other visible information.

There is also some evidence that riskiness during night-time visibility conditions is perceived
differently by varied groups of drivers. Tränkle, Gelau and Metker (1990) found that when rating
slides of traffic situations for risk of a crash, young male drivers (aged 18-21 years) rated them as
less risky than did older male drivers (aged 35-75 years), with no age-related effect found for
female drivers. Importantly in relation to the present research context, they found that this
effect was particularly marked when rating situations involved darkness, and also situations with
hills, curves and rural environments.

Garay, Fisher and Hancock (2004) reported evidence that drivers search less for potential risks
under night-time conditions, regardless of experience. They used a simulator task to compare
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the scanning behaviour of drivers in night-time and daytime driving situations. They determined
that while novice drivers (mean age 16.5 years) were less likely to scan for risks than
experienced drivers (mean age 44.7 years) under both the daytime and night-time driving
conditions, both groups of drivers were less likely to scan for risks at night than they were during
daylight.

In view of the paucity of evidence pertaining to perceptual aspects of night-time driving (either
in general terms or as they particularly affect young and novice drivers), comparison of daytime
and night-time cognitive driving skill performance across a range of levels of driving experience is
a major focus of this research.
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As discussed in Chapter 2, it is clear that young novice drivers have some deficiencies in their
perceptual/cognitive abilities, including a tendency to take longer to notice hazards. However
there is relatively little evidence as to the particular kinds of hazards that are most likely to be
noticed either late or not at all, and there is also a need for evidence concerning day-night
differences in young novice drivers’ situation awareness and if this changes with increasing
driving experience.

In view of these knowledge gaps and the paucity of previous evidence on day-night differences,
it was decided to adopt a broad, exploratory approach. The present chapter considers the kinds
of methods that might be suitable for this purpose, specifies project aims and the methods
selected for use, and outlines the overall data collection procedure.

3.1. Potential Research Methods
3.1.1. Qualitative data collection methods
Qualitative methods of data collection are well suited to exploratory investigations because they
enable participants to generate responses according to their own perceptions and beliefs about
what is important or relevant (Pidgeon & Henwood, 1997). Data produced by qualitative
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methods are usually in non-numerical form (e.g. verbal descriptions, pictures), obtained by
methods such as unstructured or semi-structured interviews, or focus group discussions. In the
present context, qualitative methods have the potential to elicit more richly detailed information
about how drivers perceive and interpret the wide range of visual and other information
available to them. Such data may be a rich source of questions and hypotheses for subsequent
investigation.

Qualitative research into skill acquisition and situation awareness in non-driving domains has
produced findings that can be applied to the development of young novice drivers’ hazard
perception and situation awareness skills by giving these drivers a voice. For example, Durso and
Dattel (2006) discussed differences in mental models between novice and expert pilots. Their
analysis of radio communications between pilots and air traffic controllers suggested that
experts made better use of mental models to organise sensory data. On this basis it might be
expected that drivers with substantial on-road experience would be more likely than novices to
mention more “abstract” hazards that required anticipation and interpretation beyond what was
directly visible in the driving environment. This aligns with Level 3 situation awareness, as
described in Endsley’s (1995) model of situation awareness (discussed in Chapter 2).

In previous driving-related research, qualitative data collection methods have varied according
to the needs of the situation. For example, Dorn and Brown’s 2003 study of police drivers’
perceptions of police driver training, risk management strategies, and crash involvement,
collected data using structured interviews with a standard set of questions, but analysed the
data using a very open-ended Grounded Theory approach (Pidgeon & Henwood, 1997; see
Chapter 4, Section 4.2.6 below for details). Forward (2006) also used interviews to collect data,
but with a less structured approach because of their broader purpose which was to explore
participants’ attitudes and behaviour regarding behaviours associated with driving violations.
Their questions were tailored to each interviewee and responses were unconstrained by any
particular format. Focus groups are another common means of collecting qualitative data and
these typically have a low level of structure, entailing group discussion using guided questions to
encourage free conversation between participants and stimulate the generation of multiple
ideas and perspectives (Powell & Single, 1996).

It is worth noting that, regardless of the method used to collect verbal data, the methods used
to analyse it vary from completely qualitative in which emergent themes are described in purely
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verbal terms, through to quantitative reports of the frequency with which particular topics and
themes are mentioned. This quantification is supported by ‘verbal protocol analysis’ software
such as QSR NVivoTM, and recent developments in this field enable documentation of ‘network’
linkages between protocol topics and themes (e.g. latest versions of QSR NVivo; LeximancerTM).

In the present project the goal was to obtain data on drivers’ ongoing situation awareness,
particularly their awareness of hazards in a wide range of day-time and night-time road traffic
scenarios, in as naturalistic a context as possible. On-road ‘commentary driving’, in which drivers
are asked to produce a ‘real time’ verbal commentary on the road traffic situation and their own
driving actions, was considered appropriate to best capture this experience.

3.1.1.1. Verbal commentaries as data
Ericsson and Simon (1980) explained that verbalisations vary in the extent to which they directly
report a state in the form and at the time it was generated, and in the nature and extent of
mediating processes between the report and what is reported. They classified verbalisation tasks
into the following types:
•

Level 1 (or Direct) verbalisation: information is reproduced in the same form in which it was
retrieved from the central processor; for example, verbally reporting information from
verbally coded traffic signs.

•

Level 2 verbalisation: non-verbal information is recoded into verbal form via some mediating
process(es); for example, verbally reporting information from pictorially coded traffic signs.

•

Level 3 verbalisation: information is not only recoded into verbal form, but also scanned or
filtered in order that a specified subset of available information may be reported); for
example, ‘commentary driving’, which requires verbal encoding of non-verbal thought
processes, and some further filtering and processing before being verbalized.

They described these processes in terms of a basic information processing model, as follows:
•

Sensory data first resides in iconic/echoic memory while recognition/encoding occurs with
aid of information already in Long Term Memory (LTM), placing “pointers” to LTM patterns
in Short Term Memory (STM);

•

Information recently attended to is available in STM for further processing (e.g. producing
verbal reports);

•

Information in LTM must be retrieved into STM before it can be processed/reported on;
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•

Information in STM is volatile, and is replaced as new things are placed in STM (which gives
rise to questions regarding whether the verbalising process disrupts the normal flow of
things-attended-to in STM when performing SA/HP tasks);

•

The Central Processor (CP) regulates what part of the information in LTM and sensory
memory finds its way into STM – regulating what information is “heeded or attended to”
(Ericsson & Simon, 1980, p. 224).

According to this model, automatised performance entails intermediate processing steps that do
not enter conscious awareness so cannot be reported. This has been demonstrated empirically,
in that high levels of practice performing skilled tasks leads to low awareness of intermediate
stages of processing (Ericsson & Simon, 1980). Also, data produced by verbalisation tasks such as
commentary driving necessarily depends on the information encoded in STM; so if STM
information is not verbally encoded initially (e.g. if STM coding is visual), it must be recoded into
verbal form before a verbal response can be produced, which requires expenditure of additional
attentional resources. Consequently, some information that has been initially perceived might
not be vocalised, due to competition for attentional resources from other tasks or sub-tasks.

For these reasons, it is likely that the commentary production process will often consume
cognitive resources that would otherwise have been applied to the driving task, which may
result in poorer situation awareness and hazard perception performance (Young, Chapman &
Crundall, 2014; Young, Crundall & Chapman, 2017). This suggests that the commentary
production would have a larger impact on the situation awareness and hazard perception
performance of highly inexperienced drivers compared with more experienced drivers, due to
inexperienced drivers’ performance being less automatised and so demanding more attentional
resources. On the other hand, it could be argued that because of their lower level of
automatisation inexperienced drivers would be more aware of what they are perceiving and
how they are responding, making it easier for them to verbalise this information.

3.1.1.2. Previous uses of commentary driving and associated verbal protocol analysis
Commentary driving has previously been used as part of advanced driver training programs, with
little if any content analysis of resultant commentaries (‘verbal protocols’) since the goal in this
earlier research was to improve drivers’ perceptual/cognitive performance rather than to
conduct research on their situation awareness or hazard perception abilities (Mills, Hall,
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McDonald & Rolls, 1996; Isler, Starkey & Williamson, 2009; McKenna & Farrand, 2004, cited in
Horswill & McKenna, 2004).
More recently, commentary driving has been used to investigate road users’ situation awareness
and hazard perception, using verbal protocol analysis methods that include quantitative
descriptive analyses to identify differences between groups in drivers’ conceptual frameworks
and the frequency of references to key themes. Topics investigated using this approach include
driver behaviour at railway level crossings (Salmon, Lenné, Young, Tomasevic, Williamson &
Rudin-Brown, 2010), driving errors made at intersections (Young, Salmon & and Lenné, 2011),
and comparisons of situation awareness in drivers, motorcyclists and bicyclists (Salmon, Lenne,
Walker, Stanton & Filtness, 2014).

A very recent study by Key, Morris and Mansfield (2016) used quantitative analysis of verbal
protocols generated during commentary driving in an approach similar to the one used in the
present study, to measure and compare the situation awareness of two different driver groups.
Importantly, however, both of their participant groups consisted of experienced drivers,
whereas many of those in the present research are very inexperienced. This is an important
difference because, as described above, very inexperienced drivers experience higher workloads
due to their less automatised performance (Crundall & Underwood, 1998; Shinar, Meir & BenShoham, 1998; Paxion, Freydier, Galy & Berthelon, 2013), which means they have less capacity
available for performing additional tasks such as producing a verbal commentary about what
they are aware of while driving. Consistent with this, there is abundant evidence that verbal
production can interfere with driving performance under situations of heavy workload (Strayer,
Drews & Johnston, 2003; Rakauskas, Gugerty & Ward, 2004; McCarley et al., 2004).

3.1.2. Quantitative data collection methods
Quantitative research methods have been the most widely used in previous research related to
young novice drivers’ perceptual and cognitive skills. These can have the advantage of allowing
more conclusive investigation of specific research questions or hypotheses, and quantitative
data is often faster and easier to collect and analyse relative to qualitative data, enabling use of
larger sample sizes.

Quantitative research methods previously used to investigate topics relevant to the current
research have taken a wide variety of forms. Off-road methods have used still images as stimulus
material (Groeger & Chapman, 1996), and video footage of traffic situations (Kinnear, Kelly,
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Stradling & Thomson, 2013; Quimby & Watts, 1981). Participants have rated still images
according to various scales (Groeger & Chapman, 1996) or estimated their preferred driving
speed for situations shown in photographs (de Craen, Twisk, Hagenzieker, Elffers & Brookhuis,
2008). A variety of methods have been developed to measure reactions to video clips, such as
continuous ratings generated while viewing (Kinnear et al., 2013; Quimby & Watts, 1981),
assessment of reaction times to hazards shown in the clips (McKenna &Crick, 1991; Borowsky,
Shinar & Oron-Gilad, 2010), and measures of physiological stress while viewing clips (McKenna &
Crick, 1991; Borowsky et al., 2010). Driving simulators have also been used to assess driving
behaviour in the presence of potential hazards (Quimby & Watts, 1981) and recall of vehicle
locations in traffic after viewing simulated traffic situations (Gugerty, 1997), and eye movement
detection has been used in conjunction with driving simulators (Pollatsek, Narayanaan, Pradhan
& Fisher, 2006) to assess driver visual scanning behaviour, a key element in perception of onroad hazards that has been shown to differ between novice and experienced drivers (Mourant &
Rockwell,1972; Pradhan, Hammel, DeRamus, Pollatsek, Noyce & Fisher, 2005).

3.1.3. Types of methods selected for use
The project’s overall goal was to investigate day-night differences in young drivers’ perceptual/
cognitive abilities and how these may change with increasing driving experience. As stated at the
start of this chapter, a broad, exploratory approach was seen as appropriate for this purpose,
and Sections 3.1.1 and 3.1.2 above discussed the kinds of methods that might be suitable for
this. Based on the findings in this discussion it was decided to focus primarily on qualitative data
collection methods, supplemented by some quantitative data collection. The following section
describes the methods used in relation to the project’s specific research aims.

3.2. Research Design, Participants, Aims and Methods
3.2.1. Research design
Participants were grouped according to their age and driving experience, as follows:
•

Group A: aged 16-20 years and in possession of a learner’s permit

•

Group B: aged 17-20 and in possession of a provisional driver’s licence

•

Group C: aged 20-24 years with at least 5 years of licensed driving experience

•

Group D: aged 25-30 years, older than Group C, with at least 5 years of licensed driving
experience.
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Groups A and B were similar in age but differing in driving experience, whereas Groups C and D
were both older and more experienced, but Group D had more driving experience than Group C .

Before commencing full-scale data collection a pilot study was conducted to clarify some
procedural issues related mainly to route selection, wording of instructions, and data coding
strategies. A convenience sample was used for the pilot study consisting of 16 participants (8
females, 8 males) aged from 19 to 28 years (mean = 21 years) with a wide range of driving
experience. The pilot study is described in Chapter 4 and the full-scale study is reported in
Chapter 5.

3.2.2. Participants
There were 63 participants in all (excluding those in the pilot study). Initially they were recruited
from metropolitan Adelaide via advertisements published in a local northern suburbs
newspaper, but due to insufficient response it became necessary to rely also on convenience
sampling via signs posted on community notice-boards and on the campuses of several local
universities. One of these locations was the International Students Office of one of the
universities; as a result, a number (n=11) of the participants spoke English as a second language.
Of these, a few were less fluent in English than would have been ideal (n=7) or gained their initial
driving experience overseas (n=10; of those, 6 gained their initial driving experience in countries
where driving is on the right-hand side of the road). Some subjects were also recruited using a
snowball technique via friends and relatives of the experimenter and word of mouth via other
participants, and several were current students of a Driving Instructor who was assisting with a
related project.

Two participants who initially claimed to have full driver’s licences and/or multiple years of
driving experience turned out to be exaggerating their experience and were retrospectively reallocated to group A (learner drivers) based on either their licences as-sighted (in one case), or a
Driving Instructor’s assessment of their driving skill (in the other case, a participant who claimed
to have gained a full driver’s licence in China but who lacked basic car control skills). One learner
driver was discovered to be substantially older than the other Group A learners (28 years old)
but was retained despite her age.

Group C (aged 20-24 years, with 5 years or more driving experience) was a particularly difficult
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group to recruit and ended up with a much higher proportion of participants speaking English as
a second language (5 of the 9/55.5%); compared to Group A (16.7%), Group B (5%) and Group D
(14.3%).

Age was used as a proxy for experience in some analyses, as it was not possible to convert
reported driving experience to a usable single continuous variable. As reported by participants,
their driving experiences consisted of a number of different types of driving (e.g. unlicensed offroad driving, driving lessons, driving on their own or under supervision), and the amounts of
actual driving performed per unit time varied greatly across participants. Participant reports
were often based on “guesstimates” and were not always consistent with information that they
had previously provided during the recruitment process, and in some cases were based on
memories of events occurring a number of years previously. In addition, a subset of participants
(n=10) learned to drive in countries other than Australia, under very different licensing systems.
Of these, 6 gained their initial driving experience in countries where driving is on the right-hand
side of the road; one was allocated to Group A, two to Group C, and three to Group D.

With off-road tasks there was one episode where software problems caused some data loss for
one participant (in Group C). There were also two participants who withdrew from the project
before completing all tasks. For these reasons, numbers of participants per group varied slightly
between different tasks so group details are reported separately for each task within Chapters 5,
6 and 7.

3.2.3. Aims
The main research aims were to document the influence of day versus night driving
environments and differing amounts of driving experience on young drivers’:
a) awareness of road traffic situations in general, and potential hazards in
particular;
b) ratings of driving of risk and driving levels (separately) for a range of road traffic
situations.
Aim (a) above was the most important of these two aims. It was pursued by requiring
participants to perform two tasks:
•

on-road commentary task (See 3.2.4.1 below, detailed in Chapters 4 and 5);

•

off-road hazard perception task (See 3.2.4.2 below, detailed in Chapter 6).
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Aim (b) was pursued by requiring participants to perform two additional off-road tasks, the
difficulty rating and risk rating tasks (see 3.2.4.3 below, detailed in Chapter 7).

3.2.4. Methods
3.2.4.1. Commentary task
This task addressed aim (a), and also explored some more specific questions pertaining to
possible experience-related differences in awareness of specific elements of the driving
environment that were derived from literature reviewed in Chapter 2. For the risk-related
reasons discussed in 3.1.1 above, research participants were not asked to produce verbal
commentaries while actually driving. Instead, they sat in the front passenger seat of a car driven
by the experimenter around a set route (trip duration approximately 20 minutes) and were
asked to describe “the things or situations that you see during this trip that you think a good
driver would notice while they are driving”.

Data were analysed using verbal protocol analysis software (QSR NVivo) that facilitated
quantitative comparisons of the frequency of different types of comments across experimental
groups, as well as qualitative investigations to identify any group differences in the meaning of
key themes or the contexts in which particular topics tended to be mentioned.

3.2.4.2. Hazard Perception Task
Aim (a) was also addressed by this task. Whereas the commentary task required participants to
describe anything that a good driver would notice, this off-road task focused more specifically on
hazards. Participants viewed a series of 14 short video clips showing road traffic scenarios in
which there were various potentially hazardous objects, situations and conditions, filmed from a
driver’s perspective. They were asked to pause the clip by pushing the laptop spacebar as soon
as possible after noticing “potential hazards ... specific things or events that might increase your
accident risk if you didn’t notice them in time”. Each time they did this they were asked to
explain what they had noticed. The clip then resumed playing and they responded in the same
way to any subsequently perceived hazards.

Use of video footage reduces the variation between the experience of participants in
uncontrolled traffic and environmental situations that is inevitable when subjects are in a vehicle
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viewing traffic scenarios occurring in real time. Videos rather than still photographs were chosen
in order to include dynamic situations, since there is some evidence that novices and
experienced drivers notice static and dynamic elements of the driving environment differently
(Soliday & Allen, 1972).

The hazard perception task commentaries were analysed using verbal protocol analysis
software, as was used for the commentary task. Groups were compared quantitatively in terms
of the content of their commentaries and the number of hazardous situations identified (i.e.
number of times they paused the video). Also, for a small subset of situations where there was
an unambiguous hazard with a clearly identifiable, specific start time (e.g. when a pedestrian
stepped out onto the road in front of the car), response times to the hazard were compared.
Details of the related methodology are reported in Chapter 5.

3.2.4.3. Risk and difficulty assessment tasks
These two tasks addressed aim (b): to document the influence of both day versus night driving
environments and differing amounts of driving experience on young drivers’ assessment of levels
of risk and of driving difficulty (separately) in video clips depicting a range of road traffic
situations. The relationship between assessments of risk and difficulty was explored in literature
discussed in Chapter 2, Section 2.4.2 and informed the selected methodology. It was assumed
that their experiences while watching such videos would be substantially related to experiences
they would have when actually driving. This assumption is supported by findings such as those of
Pelz and Krupat (1974), who found that physiological arousal level indices of drivers watching
pre-recorded traffic scenes in a laboratory were positively correlated with their risk ratings. The
task used here was similar to the risk rating task used by Kinnear, Kelly, Stradling and Thomson
(2013), who compared continuously-generated risk assessments of video clips to skin
conductance responses while viewing video clips of various driving hazards.

The same series of short video clips that were used for the hazard perception task were used for
each of these two tasks. For each of these two tasks participants were asked to indicate either
how risky or how easy or difficult the depicted driving situation was for the driver, by
continuously adjusting the position of a slider up or down, an action which was accompanied by
continuous audio feedback of the slider’s position. Details of the risk and difficulty assessment
tasks are reported in Chapter 6.
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3.3. Overview of the Data Collection Process
All participants first signed an Informed Consent Statement (see Appendix 6). There were then
three data collection sessions for each participant on three separate weekdays: one off-road
session (usually the first of the three) and two on-road sessions: one during the day and one at
night, with day-night order balanced over subjects within each group to ensure that all
participants had the same experience overall.

Off-road session – duration approximately 1 hour. Participants were seated at a desk in a small
room in quiet surroundings and completed a short questionnaire to obtain basic demographic
and driving history details (see Appendix 6). They then performed the hazard perception task,
followed by the risk assessment and difficulty assessment tasks, with the order of these latter
two tasks balanced over participants within each group. The hazard perception task was always
performed first because all three of these tasks required responses to the same set of 14 short
video clips of driving scenarios, and it was seen as more important for participants to be
unfamiliar with their content when the task was hazard perception, rather than assessment of
risk or difficult. For each task the order of the 14 video clips was randomised – a different
random order provided for each task and participant. The contents of the video clips are
described in detail in Section 3.3.1.

On-road sessions (day and night) – duration of each approximately 45 min. In each of these, the
participant performed the commentary task while sitting in the front passenger seat next to the
driver to assess general situation awareness. Day sessions commenced at 10:30am;
commencement times for night sessions were adjusted as necessary to ensure that they were
sufficiently after sunset for it to be dark with no natural light.
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3.3.1. Video clip descriptions
Location 1 Day
Clip duration: 34 seconds. The viewpoint vehicle is in the centre lane of three lanes on a dualcarriageway road that has three lanes in each direction. There is light traffic and some parked
cars on the left-hand side of the road; a couple of the parked cars have pedestrians near them
on the road. Headlights from approaching vehicles are visible on the right-hand side of the road.
Vehicle mean speed: 52.4 kilometres per hour - vehicle travels at approximately 55 kilometres
per hour for almost full duration of clip but decelerates slightly in last few seconds. In summary:
low overall complexity – light traffic, good visibility, driving steadily forward.

Figure 3.1: Location 1 daytime
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Location 1 Night
Clip duration: 45 seconds. This clip depicts the same location as the daytime clip for this pair, and
shows moderately light traffic, which includes vehicles passing or changing lane near the
viewpoint vehicle. One van in particular sits close in the rightmost lane, occasionally passing the
experimental vehicle and then falling back, which creates uncertainty as to whether or not it
intends to change lane nearby. Toward the end of the clip it becomes evident that vehicles
ahead of the viewpoint vehicle are all braking, suggesting not-yet-visible traffic lights around a
bend in the road. Vehicle mean speed: 52.8 kilometres per hour - vehicle travels at
approximately 55 kilometres per hour for almost full duration of clip but starts slowing in last
few seconds. In summary: low overall complexity, but some uncertainty regarding behaviour of a
nearby vehicle and reason for braking.

Figure 3.2: Location 1 night-time
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Location 2 Day
Clip duration: 14 seconds. Driving steadily forward along a straight section of three-lane freeway
in good visibility conditions with low levels of traffic around the experimental vehicle. Driver
workload appears low. The viewpoint vehicle is in the centre lane of a dual-carriageway road
with three lanes on either side. There is light traffic, and many parked cars on the left-hand side
of the road. A few pedestrians are also visible on or near the footpath to the left of the driver,
one of whom is emptying the boot of a parked vehicle. Partway through the clip, a car attempts
to enter the road from a laneway just after a set of green traffic lights. Vehicle mean speed: 48.9
kilometres per hour - vehicle speed steady for full duration of clip. In summary: low overall
complexity - light traffic, good visibility, driving steadily forward.

Figure 3.3: Location 2 daytime
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Location 2 Night
Clip duration: 11 seconds. This clip was filmed in light rain conditions at the same location as the
daytime clip for this pair. There is no traffic on the left-hand side of the road apart from parked
cars. The viewpoint vehicle passes through a set of green traffic lights. Vehicle mean speed: 61.9
kilometres per hour – vehicle speed steady for full duration of clip. In summary: very low overall
complexity – driving steadily forward, with no traffic near the viewpoint vehicle. Very light rain
does not impede visibility.

Figure 3.4: Location 2 night-time
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Location 3 Day
Clip duration: 45 seconds. This clip shows a complicated intersection with a chicane in a
residential area. The road has one lane each way, and traffic is light. As the viewpoint vehicle
progresses forward into the complex intersection, a bus with L-plates pulls out from the right
and turns across the path of the viewpoint vehicle unexpectedly. The clip shows overcast, damp
conditions. The nature of the intersection is unclear until the camera is close to it. Vehicle mean
speed: 26.4 kilometres per hour - vehicle travels at approximately 50 kilometres per hour for first
third of clip, slows to near-stop at intersection, and then speeds up to approximately 30
kilometres per hour for the last 5 seconds of the clip. In summary: low traffic levels, but a
complicated intersection, with right-of-way ambiguity highlighted by a learner bus driver cutting
the viewpoint vehicle off unexpectedly.

Figure 3.5: Location 3 daytime
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Location 3 Night
Clip duration: 17 seconds. This clip depicts the same location as the daytime clip for this pair. The
darkness makes it harder to determine the nature of the intersection at a distance. The only
traffic is two cars turning right at the intersection some way ahead of the viewpoint vehicle.
Vehicle mean speed: 30.7 kilometres per hour – vehicle travels at approximately 45 kilometres
per hour for the first half of clip, then slows to around 25 kilometres per hour through the
intersection (see description above) and for remainder of the clip. In summary: negligible traffic,
but a complicated intersection.

Figure 3.6: Location 3 night-time
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Location 4 Day
Clip duration: 39 seconds. The viewpoint vehicle is driving along an undivided one-lane-each-way
road in the hills. The road is winding (leading to reduced visibility ahead) and has a rock face on
the left-hand side and a steep drop off to the right. There is no other traffic, and no
intersections. Vehicle mean speed: 51.3 kilometres per hour – vehicle travels at approximately
60 kilometres per hour for most of clip and then slows down to approximately 25 kilometres per
hour for the last 10 seconds of clip. In summary: while there are no other vehicles or
intersections, the high steering demand and steep edges make this road challenging, especially
for less experienced drivers.

Figure 3.7: Location 4 daytime
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Location 4 Night
Clip duration: 32 seconds. This clip shows same challenging hill road as shown in the daytime clip
of this pair, which is made even more difficult by rain and heavy fog. Visibility is extremely poor,
especially during the first half of the clip. No other traffic is visible. Vehicle mean speed: 41.9
kilometres per hour – vehicle travels at approximately 45 kilometres per hour for most of clip
and slows down to approximately 25 kilometres per hour for the last 10 seconds of clip. In
summary: a challenging road in very poor-visibility conditions.

Figure 3.8: Location 4 night-time
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Location 5 Day
Clip duration: 35 seconds. The viewpoint vehicle is turning right at a traffic-light-controlled
intersection in the heart of the CBD/shopping district. There is very dense, slow-moving traffic,
both vehicle and pedestrian, and a large van ahead of the viewpoint vehicle that partially
obscures the view of the intersection as the viewpoint vehicle enters it. The road past the
intersection is two-lane dual carriageway, but the left-hand lane is full of parked cars. Some way
ahead an ambulance is visible, pulling over to the side of the road. Vehicle mean speed: 15.5
kilometres per hour – vehicle travels at approximately 5 kilometres per hour at the start of the
clip as it approaches an intersection, accelerates to approximately 20 kilometres per hour
through intersection, and then varies between that and approximately 15 kilometres per hour
for remainder of clip. In summary: very high complexity due to right hand turn, traffic levels and
visually complex nature of the scene.

Figure 3.9: Location 5 daytime

78

Location 5 Night
Clip duration: 21 seconds. This clip depicts the same location as the daytime clip for this pair. The
viewpoint vehicle is turning right at a traffic-light-controlled intersection in the heart of the
CBD/shopping district with a large vehicle ahead that blocks visibility into the intersection.
Immediately after the intersection is an off-road car park entrance. In the left lane is a car
turning into the car park; as it does so, another car becomes visible attempting to enter the road
from the car park as the viewpoint vehicle passes it. Many pedestrians are visible on the
footpath, backlit in front of illuminated store windows. This intersection and the road beyond
are filled with slow-moving, dense traffic. Vehicle mean speed: 19 kilometres per hour – vehicle
travels at approximately 20 kilometres an hour as it moves through an intersection and
continues at around that pace or a little slower through remainder of clip. In summary: high
complexity due to right hand turn, traffic levels and visually complex nature of the scene.

Figure 3.10: Location 5 night-time
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Location 6 Day
Clip duration: 35 seconds. This clip commences as the viewpoint vehicle stops at red traffic lights
on a multi-lane dual-carriageway road in the CBD, near several buses. When the light turns
green, the buses change lanes near the viewpoint vehicle in order to approach bus stops. Traffic
gets lighter as the clip progresses. Some parked vehicles are apparent on the left-hand side of
the road, including a truck that is being unloaded as the viewpoint vehicle passes it, and several
pedestrians. Vehicle mean speed: 25.1 kilometres per hour – vehicle initially travels at around 35
kilometres per hour, slowing to stop at lights; when lights turn green, it slowly accelerates to
approximately 40-50 kilometres per hour. In summary: moderate complexity, largely due to
several buses moving unpredictably away from a traffic lighted intersection.

Figure 3.11: Location 6 daytime
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Location 6 Night
Clip duration: 18 seconds. This clip depicts the same location as the daytime clip for this pair.
Traffic is light-to-moderate, with parked vehicles on the left-hand side (one of which is indicating
to enter the road) and a small number of moving vehicles some way ahead, some turning left.
After the viewpoint vehicle passes a set of green traffic lights, a poorly-illuminated and very
hard-to-see pedestrian crosses the road just in front of them. Vehicle mean speed: 35.6
kilometres per hour – vehicle travels initially at approximately 20 kilometres per hour,
accelerating to approximately 40 kilometres per hour. In summary: low overall complexity, but
with a very hard-to-see pedestrian crossing the road ahead.

Figure 3.12: Location 6 night-time
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Location 7 (night only)
Clip duration: 99 seconds. This clip shows very congested, slow-moving traffic along a busy CBD
road lined with restaurants and markets. Many parked cars are visible, including some that are
pulling into and out of parking spots. Many pedestrians are moving unpredictably nearby, both
on the footpath and stepping out into the road among the traffic. Vehicle mean speed: 12.8
kilometres per hour – vehicle speed varies between stationary and approximately 15 kilometres
per hour for most of the clip, accelerating to 20-30 kilometres per hour near the end of the clip.
In summary: very high complexity – very congested, slow-moving traffic with pedestrians walking
into the road between moving cars and cars pulling into and out of parking spots unpredictably.

Figure 3.13: Location 7 night-time
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Location 8 (night only)
Clip duration: 85 seconds. The viewpoint vehicle is driving through an undercover car park
adjacent to a major shopping centre. It is very busy, with cars moving all around, and many
pedestrians. Notable items include speed bumps, police standing adjacent to and walking into
the roadway, large groups of pedestrians walking into moving traffic immediately in front of the
viewpoint vehicle, and an intersection where signage is hard to read and right-of-way is unclear.
Vehicle mean speed: 4.9 kilometres per hour - vehicle mostly travels at around 5 kilometres per
hour, with occasional stationary moments; speed increases to approximately 10 kilometres per
hour in the last 10 seconds of clip. In summary: very high complexity, with many vehicles,
pedestrians and police officers moving unpredictably, and groups of pedestrians walking in front
of moving vehicles.

Figure 3.14: Location 8 night-time
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4.1. Aim
The purpose of this pilot study was to trial data collection and analysis procedures for use in the
full-scale data collection reported in Chapter 5. The focus of this trial was on instructions to
participants, the route to be used, the use of the recording equipment, and the verbal protocol
analysis software (QSR NUD*IST 4/NVivo) and data coding strategies.

4.2. Method
4.2.1. Participants
The pilot participants were a convenience sample of 16 drivers (8 females, 8 males) aged 19 to
28 years (mean = 21 years). All except three were educated to tertiary level; the others had
completed secondary school year 12 (final year). The intent of selection was to include a wide
range of driving experiences while keeping the age range within that required for this project (16
to 29 years). The participants’ driving experience ranged from very minimal (unlicensed,
approximately 10 kilometres driving in total) to very experienced - several participants estimated
their total distance driven as over 60,000 kilometres, including one who was a professional taxi
driver.
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4.2.2. Task instructions
Two sets of instructions were trialled: “concise” and “detailed”. These differed in length and
level of detail, with some additional instructions also available in the detailed set, if needed.
These two instruction sets are provided below:
Concise instructions:
The purpose of this experiment is to investigate how novice drivers’ perceptions of the
road-traffic environment change as their amount of driving experience increases. This experiment
is the first in a series of studies that will use different investigation methods. In this one,
participants will be asked to provide a continuous commentary as they are driven by the
experimenter around a set route.
As I drive the car around the route, please describe the things or situations that you see
during this trip that you think a good driver would notice while they are driving.
While it is not possible to describe every single thing that you see, it is important for you
to describe as many as possible of the things that you a good driver would notice.
Detailed instructions:
The purpose of this experiment is to investigate how novice drivers’ perceptions of the
road-traffic environment change as their amount of driving experience increases. This experiment
is the first in a series of studies that will use different investigation methods. In this one,
participants will be asked to provide a continuous commentary as they are driven by the
experimenter around a set route.
As I drive the car around the route, you will see many things or situations that would be
relevant if you were driving this car. Please describe (in as much detail as you have time for) the
things that you see that you think a good driver would notice while they are driving.
While it is not possible to describe every single thing that you see, it is important for you
to describe as many as possible of the things that you a good driver would notice.

Additional instructions, used if participant requested clarification or showed concern about
exactly what was required:
It is not possible to describe every single thing that you see, and there are no right or
wrong answers. Just relax and describe things as they occur to you, covering as much as seems
feasible about things you think a good driver would notice.
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4.2.3. Route characteristics
Two routes were developed and trialled. Both were located in the suburbs of Adelaide, capital
city of South Australia, on paved surfaces with a variety of environments (from inner suburban
to semi-rural) and a range of traffic densities. These routes were designed to include road and
traffic situations representative of those in which the types of crashes characteristic of young,
inexperienced drivers in Australia are reported (see Chapter 1). These crashes involved a wide
range of situations, some which pertained to both the environment and driving conditions (e.g.
single vehicle run off road crashes on both curves and straight sections; crashes occurring on
sloping areas rather than flat ground), and some which pertained to driving situations involving
other road users (e.g. situations in which drivers failed to respond successfully to conflicts
created by unexpected actions of other road users; situations where they were the driver of the
rear vehicle in a rear end crash; collision with a pedestrian).

Both experimental routes included:
•

straight road sections;

•

curved road sections;

•

road sections involving hills and slopes;

•

intersections which are driven straight through with right of way;

•

areas involving many pedestrians (for example, shopping precincts or schools);

•

60kph speed zones in urban areas;

•

intersections with no controls (e.g. traffic lights, give way signs);

•

right hand turns across oncoming traffic;

•

roads with unmade shoulders consisting of loose gravel or earth.

Both routes included all of the elements from the above list and had a similar range of driving
conditions (e.g. high-traffic and low-traffic areas, hilly rural stretches, u-turns and right turns on
busy roads) but differed in the following ways.

Route 1 was located in the outer north-eastern suburbs of the city of Adelaide and was
approximately 13 kilometres long. It consisted of mostly low-density residential suburbs with
some commercial areas and a rural-hills stretch, and included a high proportion of curved and
somewhat hilly residential back streets. Part of the route ran through a shopping centre car park.
Route 2 was approximately 8 kilometres long and ran through middle and inner suburbs of
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Adelaide. It consisted of medium density residential suburbs and commercial areas; and included
a rural hills segment. It ran through a higher-density traffic inner suburban
residential/commercial area than Route 1, and included a larger proportion of long, straight and
flat residential roads. Route 1 trip duration was approximately 25 minutes. Route 2, although
shorter (taking approximately 20 minutes) usually had heavier traffic density levels. Appendix 1
shows details of each of the routes. Trip times (10:30am and 8pm) were selected in an attempt
to eliminate as far as practicable extreme variation in traffic density levels related to peak versus
off-peak traffic volumes, with the summer night-time starting times adjusted to be at least an
hour after sunset for all night-time trips.

4.2.4. Order of task conditions
All participants undertook both routes. Participants were allocated to one of four groups to
balance the order of day/night across the two routes, and to ensure a balanced distribution of
males and females within each group:
•

Concise instructions; trip order: daytime, route 1 / night-time, route 2 (2 participants day
first, 2 participants night first)

•

Concise instructions; trip order: night-time, route 1 / daytime, route 2 (4 participants day
first, 0 participants night first)

•

More detailed instructions; trip order: daytime, route 1 / night-time, route 2 (2 participants
day first, 2 participants night first)

•

More detailed instructions; trip order: night-time, route 1 / daytime, route 2 (3 participants
day first, 1 participant night first)

Unexpected scheduling constraints caused a minor departure from the planned sequence, with
11 rather than 8 of the 16 first trips being during the day.

4.2.5. Procedure and data recording
After providing information about their age, sex, educational level and driving experience, each
participant read the allocated written instruction. This was followed immediately by the first of
their two commentary drives. Each participant sat in the passenger seat of the experimenter’s
car (Toyota Corolla hatchback) and held an Optimus “Vox” voice-activated cassette recorder into
which they spoke their commentary, while the experimenter drove around the route. During the
return trip after completion of the commentary, the experimenter asked several debrief
questions about the task (e.g. how they found the task in general, whether the instructions
seemed clear to them, and so on). The time between the two drives depended on the
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participant’s availability. Participants were offered the instructions again at the beginning of the
second drive, to re-read if they wished.

4.2.6. Data coding and analysis
Audio files of participants’ commentaries were transcribed into text form, and systematically
coded with particular reference to potential hazards, using the QSR NUD*IST software program.

At this preliminary stage, coding topics were developed in a purely ‘data driven’ way using
“Grounded Theory” methodology. This refers to an approach to qualitative research where
theory is generated by (or grounded in) a close inspection of qualitative data gathered from
concrete settings. According to Pidgeon and Henwood (1997) it was introduced as a term
describing a particular approach to sociological research by Glaser and Strauss in 1967 and
developed in response to a tendency among sociological researchers during the 1960s to focus
on highly abstract “grand” theories, while neglecting the generation of “more local, contextual
theory of relevance to those being studied” (Pidgeon & Henwood, 1997, p. 253).

Since that time, the term ‘grounded theory’ has come to mean not only theory that has been
grounded in qualitative data, but methods based on Glaser & Strauss’s techniques for systematic
analysis of unstructured qualitative data. Braun and Clarke (2006) assert that using grounded
theory methodology in this procedural fashion (rather using it as a basis for theory development)
is incomplete - they describe it as “grounded theory-Lite” and prefer to describe such an
approach as “thematic analysis”. However, this procedural approach to grounded theory is
supported in the literature, as described in some detail by Pidgeon and Henwood (1997); and
these methods were used to develop an extensive and diverse set of coding topics within a
hierarchical ‘tree’ structure, via the following steps.

4.2.6.1. Pilot Trial Initial Analysis
During first stage of analysis, NUD*IST software was used to build a flexible indexing system for
the data, which allowed the topics to be re-ordered as further interpretations of the material
developed. An initial coding pass generated a basic hierarchical structure in a ‘data driven’ way,
such that the introduction of more detailed sub-topics could be easily performed upon
subsequent re-codings of the data.
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4.2.6.2. Core analysis
The next stage involved refining and extending the coding system and relating coding topics to
one another. Second and third coding passes added detail and depth, focusing on ‘road users’
and ‘driving’ topics, including driver cognitive processes relating to task demands and attention
deployment. Since topics were frequently split, combined, and renamed in an iterative fashion
and so on, copies were kept of previous coding schemes to permit tracking of the progression of
conceptual analysis in case it became necessary to refer back to previous versions. As the coding
system developed, each topic was given an explicit definition. This assisted coding decision
making, since as the coding tree became more complex the boundaries between similar
concepts were not always immediately obvious. Finally, when the coding system was complete,
all the commentaries were re-coded according to the finalised set of topics, and coding decisions
that were less obvious were written up into memos within NUD*IST for future reference, to
ensure consistency between documents in coding. (See Appendix 2 for details of the full coding
tree.)

Top level topics in the coding tree developed to trial the coding system included: ‘road
geography’ (references to things on or about the road itself); ‘roadside geography’ (references to
the road environment, including objects there), ‘road users and their behaviour’ (all types of
road user, traffic flow characteristics), vision and visibility issues, and driving itself (planning,
navigation, manoeuvring, attention deployment, speed choice, road rules, performance of other
drivers, aspects of task difficulty and consequences of errors). Second and third passes added
detail and depth, focusing on ‘road users’ and ‘driving’ topics, including driver cognitive
processes relating to task demands and attention deployment. The set of coding topics are
shown in Figure 4.1 (omitting several "free" topics that were not part of the main topic tree),
with more detail shown for the “commentary details” subtree in Figure 4.2.
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Top of tree

Demographics and task conditions

subject
experimental group
route
instruction set
time of day
sex
age
education
drivers’ licence type
driving experience
trip

Commentary segment

practice route
experimental route
debrief

Commentary content

road geography
roadside geography
road users
driving
commentary issues

Figure 4.1: Coding tree overview
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road geography

Intersections
road shape
road signs
road character
lane layout
Line markings
road furniture
road surface
kerbs and edges
bus stops
bike lanes
Driveways
Turnouts
pedestrian crossings
school crossings with lights
debris on road
shopping trolleys
accident or fatality markers
road work
road design
speed humps
hollows, drains and holes in the road
nothing to report

roadside geography

Bridges
Fences
steep edges
fire hydrants
Paths
car parks off road
power poles or cables
open spaces and parks
roadside trees or shrubbery
creeks or rivers
lots of shops
specific roadside buildings
Schools
petrol stations
fast food outlets
Hospitals
rubbish bins
nice view!
Reflectors
signs, flags and markers
Post boxes & telephone boxes
Houses

road users

other vehicles
Cyclists
Buses
road users on foot
Children
Animals
traffic flow

driving

driving strategy
driving tactics
road rules
Environmental influences
Difficulty
Visual

commentary issues

Audibility
uncertainty re what to report
choosing what to report
forgetting to report stuff
avoiding repetition in commentary
passenger versus driver position
what people attend to reflects their experience
what I'm talking about
the instructions
the task
the route
query re results availability

Figure 4.2: The top 2 coding levels for the ‘commentary content’ sub-tree
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4.3. Pilot Study Results
The primary purpose of this pilot study was to trial on-road data collection and coding
procedures for the subsequent full-scale study, rather than to investigate possible differences in
response patterns between day-night driving conditions or participant groups.

4.3.1. The instruction sets
Neither the ‘concise’ nor ‘detailed’ instructions showed a clear advantage in terms of
comprehensibility, in that all participants seemed to understand clearly what was required. Key
elements of ‘concise’, ‘detailed’ and ‘additional’ instructions were combined for use in the fullscale data collection, as shown in Chapter 5.

4.3.2. The routes
Both routes were designed to include similar geographical elements (e.g. certain types of
intersections and driving environments) and proved to be usable. It was decided that Route 1
would be used in the full-scale data collection for the following two reasons. First, it became
apparent that Route 1 tended to have less variation in traffic levels between daytime and nighttime runs, being located in the outer suburbs (unlike Route 2, which was located in an area
closer to the CBD). This meant that any observed differences between day and night conditions
could more easily be attributed to differences in the visual environment rather than differences
in traffic levels. Second, Route 1 was closer to the location that participants had to attend for the
off-road data collections reported in Chapters 6 and 7. This made it a simpler and more practical
option for participants, a number of whom depended on public transport or transport by a
parent.

4.3.3. The recording system
The voice-activated cassette recorder held by participants during the data collection trips
performed well under on-road conditions and recorded participants’ voices clearly enough to
permit ready transcription of commentaries generated during the trips.

4.3.4. The data coding and analysis technique
The data coding system proved to be satisfactory, and the coding tree developed in this pilot
study appeared to provide a good basis for development of more elaborated and detailed coding
in the full-scale study.
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While the purpose of the pilot study was to trial the data collection and analysis techniques,
basic statistical analysis was performed on the resulting data comparing results across the four
groups to confirm the practicality of importing output from the data coding software into a
statistical program (SPSS) for further analysis. It was observed that between-group differences
tended to be small, except where the cause was obvious (e.g. more comments about lighting
conditions at night). This confirmed a need for participant numbers in the full-scale study to be
as large as practicable so as to make any between-group differences more obvious and to
increase the power of any statistical analyses performed. With this change in mind, results from
the pilot study confirmed this methodology as being suitable for use in the on-road commentary
task described in the following chapter.
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5.1. Aims
The main research aim addressed in this chapter was to document the influence of day versus
night driving environments and amount of driving experience on young drivers’ awareness of
road traffic situations in general, and potential hazards in particular, reflected in the
commentaries recorded as they were driven around the selected standard test route.
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The secondary aim was to investigate whether the commentaries threw any light on a set of
supplementary questions arising from the published research literature on driver situation
awareness and hazard perception, as specified in Section 5.1.1 below.

It should be noted that the study was not designed to test particular hypotheses so
investigations of data relating to these questions were seen as purely exploratory, however
quantitative descriptive and in some cases inferential statistics are provided to clarify
comparisons of between-group differences when investigating particular issues.

The research design has been presented and discussed previously in Chapter 3, Section 3.2.1.
The supplementary questions were designed to address a number of open questions in the
research literature.

5.1.1. Supplementary questions
Question 1. Are inexperienced drivers more aware than experienced drivers of traffic sign
information? Are drivers more aware of sign information when it has a high ‘action potential’
(AP)? And does the relationship between driver awareness and sign AP vary with driving
experience?
Macdonald and Hoffmann (1991) found that inexperienced drivers were more aware of traffic
sign information than were experienced drivers, and that awareness was affected by the sign’s
‘action potential’ (AP), with awareness higher when AP was higher – that is, when the sign was
more likely to require action from the driver either immediately or in the near future. For
example, a sign warning of a stop sign ahead would be more likely to be noticed than one stating
that no U-turns are permitted when the driver in question was not interested in performing a Uturn. In addition, driver experience and sign AP were found to interact in their effects on driver
awareness, with a tendency for AP to affect awareness of inexperienced drivers more than that
of experienced ones. Therefore, the detailed question to assess this was:
Are participants in Groups A (learners aged 16-20 years) and B (provisional drivers aged
17-20 years) more likely to comment on road signs than those in Groups C (experienced
drivers aged 20-24 years) and D (experienced drivers aged 25-30 years)? Are participants
in all groups more likely to comment on high-AP signs than low-AP signs? And do
numbers of comments about road signs from Groups A and B vary more with sign AP
than comments from Groups C and D?
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Question 2. Are less experienced drivers less aware than more experienced drivers that other
road users may behave unexpectedly?
According to Catchpole’s (1997) analysis of traffic crash data, a major problem area for
inexperienced drivers is their response to unexpected and/or illegal actions by other road users.
He found that crash scenarios in which younger drivers were over-represented included those
involving the other driver turning right across the younger driver’s path, when another driver
was entering the road from laneways or driveways, and where the younger driver was the rear
driver in a rear-end collision. It seems likely that these differences in crash rates are at least
partially due to younger drivers’ less-developed mental models, which could make them more
likely than experienced drivers to expect that other road users will behave in accordance with
road laws and good driving practices. In terms of the Skills-Rules-Knowledge model (Rasmussen,
1983), this might be seen as young drivers relying unduly on ‘rules’ due to underdevelopment of
their perceptual/cognitive skills. Accordingly, the research question was:
Do participants in Groups A and B make fewer comments than those in Groups C and D
about unexpected behaviours of other road users?

Question 3. Do less experienced drivers make fewer comments that are predictive of how the
current driving situation may develop, compared with more experienced drivers?
Endsley (1995) identified three hierarchical levels of situation awareness, with the highest level
being achieved only as skill becomes more fully developed (see Chapter 2, Section 2.2.2). When
applied to the driving task, this model suggests that more experienced drivers will have a greater
ability to predict future actions by other road users – a prediction that is consistent also with the
Skills-Rules-Model. Accordingly, the research question was:
Do participants in Groups A and B make fewer comments demonstrating an ability to
predict non-obvious behaviours of other road users, compared with participants in
Groups C and D?

Question 4. Are novice drivers less likely than more experienced drivers to notice pedestrians,
and to anticipate their potential presence?
There are conflicting reports regarding the likelihood of young novice drivers colliding with
pedestrians. Maycock (2000) reported a higher number of crashes involving pedestrians for
younger drivers in the U.K., as did Braver and Trempel (2004) in the U.S., and Al-Shammari and
associates (2009) in Saudi Arabia. On the other hand, Catchpole (1997) reported lower
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involvement of young, inexperienced Australian drivers in this crash type relative to older
drivers. In accordance with the balance of such evidence, the research question was:
Do participants in Groups A and B make fewer comments than those in Groups C and D
about pedestrians actually present and about potential pedestrians?

Question 5. Are young novice drivers more likely to notice static environmental elements than
moving objects?
Soliday and Allen (1972) found that younger drivers (age 17-22) were more likely to report nonmoving objects as being potentially hazardous than moving objects, whereas older drivers (age
23-29) were equally likely to consider moving and non-moving objects to be potential hazards
(see Chapter 2, Section 2.4.1). Accordingly, the research question was:
Do participants in Groups A and B make fewer comments than those in Groups C and D
about moving objects (e.g. other moving vehicles, pedestrians), and more comments
about static objects (e.g. roadside objects, parked vehicles).

Question 6. Is there evidence of poor skill calibration among young novice drivers?
There is considerable evidence that younger and/or less experienced drivers tend to have poor
‘skill calibration’ – that is, they tend to be overconfident of their own ability to drive safely (see
Chapter 2, Section 2.4.3). However, there is conflicting evidence on whether they are likely to
perceive risk levels as higher or lower than older and more experienced drivers. Accordingly, the
research question was:
Do Group A and B participants make greater or lesser numbers of comments about the
difficulty of the driving task and/or related risks, compared with Groups C and D?
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5.2. Method
5.2.1. Participants
There were 61 participants, comprising 28 females and 33 males, divided into the following four
groups. (N.B.: one female participant from Group A withdrew after the first (daytime) session
and therefore failed to produce a night-time commentary).

Table 5.1: Participant groups by age and driving experience
Group

Number of

Age range in years (median

Mean time post licensing driving

participants (f/m)

age in years.months)

experience in years.months

A

18 (8/10)

16 – 20 (19.2)*

0

B

20 (9/11)

17-20 (18.4)

0.11

C

9 (4/5)

20-24 (23.7)

5.6

D

14 (7/7)

25-30 (28.6)

10.6

* All Group A participants except one had a learner’s permit, and all except two were aged between
16 and 20 years. See Chapter 3, Section 3.2.2. for more details.

5.2.2. Equipment and test route
The car used was a Toyota Corolla, and the digital voice recorder was an Olympus DS-2200.
A 14km route was developed during the pilot study reported in Chapter 4 – see details in
Chapter 4, Section 4.3.2.

5.2.3. Procedure
All participants were driven by the Experimenter around the same 14km route, once during the
day and once during the evening when it was dark (balanced order). Both drives were during offpeak times and took approximately 20 minutes to complete; there consistently tended to be
more traffic during the day.

Participants were seated in the passenger seat and given the following instructions (developed in
the pilot study).
The purpose of this experiment is to investigate how novice drivers’
perceptions of the driving environment change as their amount of driving experience
increases. This task is one in a series of tasks that will use different investigation
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methods. In this one, you will be asked to provide a continuous commentary as you are
driven around a set route.
As I drive the car around the route, you will see many things or situations that
would be relevant if you were driving this car. Please describe (in as much detail as you
have time for) the things that you see that you think a good driver would notice while
they are driving.
While it is not possible to describe every single thing that you see, it is important
for you to describe as many as possible of the things that you a good driver would notice.
There are no right or wrong answers for this exercise. Try to relax and just describe things
as they occur to you, covering as much as seems feasible.

Once they had read the instructions and any questions they asked were answered, they were
given a digital voice recorder to hold, and then the experimenter drove the car around a
standard route while they provided commentary into the voice recorder.

5.3. Data Analysis
5.3.1. Descriptive coding of commentaries
Audio files of participants’ commentaries were transcribed into text and then coded using QSR
NVivo 9 software – a later version of the same software used in the pilot study. Consistent with
the primary aim of this study, the initial stage of data coding was entirely data-driven in accord
with Grounded Theory (Glaser and Strauss, 1967; Pidgeon and Henwood, 1997). The coding tree
developed during the pilot study (see Chapter 4) was used as a starting point for this process,
with topics being added and amended as necessary. Where there was possible ambiguity or lack
of clarity regarding the meanings of specific topics, detailed definitions of those topics were
added.

Coding was completed to a high level of detail, so that the number of ‘comments’ (small chunks
of words on a specific topic) could serve as the primary unit of measurement when investigating
possible differences in commentary content between day/night and participant groups.

The open-ended and freeform nature of the commentaries required many judgements and
decisions to be made during the coding process, considering issues including:
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•

Where to code comments when there were multiple relevant topics referring to
overlapping concepts. For example, there was substantial conceptual overlap between
comments about “checking for traffic” and “potential vehicles”.

•

How to accurately render highly variable phrasing of commentaries into consistent topic
structures. It was often difficult to decide whether differently worded comments from
different participants reflected actual differences in underlying meaning or simply
differences in individual verbal style.

•

Participants often omitted specific details in their commentaries, and decisions
frequently needed to be made regarding whether or not the omission was important.
For example, a statement such as “stop sign ahead” could probably also be interpreted
as implying that there was an intersection as well as a stop sign present (and thus the
comment should be coded under both “intersections” and “stop signs”). But if a
participant said “we have to merge here”, should that statement be coded under “lanes
merge sign” (within “road signs”), based on the assumption that the statement referred
to a quite conspicuous “form 1 lane” sign? Or should it instead be coded only under
“lanes merge or decrease in number” (within “lane layout”) since there was no explicit
mention of the road sign?

•

Some comments were phrased hypothetically, even when they appeared to be
responding to an actual traffic situation at the time (e.g. "I'd be careful if I was behind a
bus" when the experimental vehicle was in a lane behind a bus). When coding these
kinds of comments (often some time after the trip had taken place), decisions had to be
made regarding whether or not to code them as if the participant was responding to an
actual vehicle, or a hypothetical scenario. (This would have been resolved if every test
drive was recorded using a wide-angle video recording device, but that was not
practicable.)

•

Decisions had to be made regarding where to position some hard-to-place topics in the
overall coding tree layout. For example, should "checking for traffic" have been placed
under “attention deployment”, under “road users” or under “traffic planning”? As they
were relevant in each of these, in such cases they were coded under as many topics as
were applicable.

Another issue that arose during coding was that natural, spontaneous utterances were not
always easy to assign to discrete categories, particularly when the categories were for more
abstract concepts. For example, early in the coding phase an attempt was made to classify
comments about elements of road geography, such as intersections, according to whether
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participants mentioned them explicitly, or referred to them indirectly. This approach was
discarded when it soon became obvious that many comments could not be readily categorised in
this way, since very few people tend to list every element of a scene they are describing in full;
and comments such as “a give way sign” or “a car indicating to turn ahead of us” (which imply
intersections but do not actually mention them) turned out to be more the rule than the
exception. As it was not practical to classify comments in this manner, this coding approach was
discontinued.

Following this initial coding, some additional topics and sub-topics were added to the coding tree
to facilitate the subsequent investigation of the specific research questions described above, in
accord with the secondary goal of the study (see Section 5.1.1).

5.3.2. Counts of comments on particular topics
Once the coding was completed, the dataset was interrogated using NVivo’s inbuilt data query
functions, which provided numerical counts of comments meeting each of the query criteria. It
should be noted that the coding tree is hierarchical in structure, and individual comments were
counted not only at the lowest sub-topic that described them, but also at the higher-level topics
into which they were subsumed. For example, a comment about a pedestrian’s behaviour would
be coded under “pedestrian behaviour” and, moving up the tree in increasing levels of
generalisation, under “pedestrians”, “road users on foot” and finally “road users,” which was
one of a small number of major themes at the top of the tree.

5.3.3. Use of inferential statistics
This study was not designed to test particular hypotheses concerning differences between
day/night or groups, or to draw conclusions concerning any of the supplementary questions.
However, inferential statistics were used to determine whether an observed difference in
number of comments reached statistical significance. For questions concerning the primary aim,
when there was an apparently substantial and meaningful difference between groups or
day/night in mean number of comments on a particular topic, SPSS (v.22) general linear model
statistical software was used to perform repeated-measures one-way analyses of variance with
time (day, night) as the repeated measure and group as the between-participants factor. For
supplementary questions, topics relevant to each question were identified and, where mean
numbers of comments on the relevant topic(s) were sufficiently large, appropriate SPSS (v.22)
statistics were used to determine whether differences reached statistical significance.
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Results from such tests were not seen as conclusive, the purpose of this inferential testing being
simply to further explore interesting findings and thereby provide information to support the
need for future research on that topic.

5.4. Results and Related Discussion
5.4.1. Overview
There was a great deal of variation between the volume of participants’ commentaries, with
individual commentaries ranging from only 49 words through to 2621 words. Some participants
needed additional encouragement before they were willing to comment at all, and 12 people (11
in Group A and 1 in Group C) produced commentaries totalling fewer than 150 words. Variation
between individuals in total words per commentary was reflected in similar variation in number
of comments per person. This is important because the basic unit of quantitative analysis was a
‘comment’– that is, one or two sentences specific to a particular topic.

Figure 5.1A shows the mean number of total comments per participant, separately by group and
time. It can be seen (ignoring Group C due to their high proportion of participants with English as
a second language – see below) that the number of comments increased from the least
experienced drivers in Group A through to the most experienced in Group D. Importantly, those
in Group A were the same age as those in Group B but had much less driving experience, being
learner (L-plate) drivers who had not yet passed the licence test, suggesting that the greater
number of comments made by Group B is not simply a function of age.

The trend for the number of comments to increase with driving experience would have been
clearer if Group C had made more comments than Groups A and B, but in fact Group C
participants made the fewest comments of any group. A likely explanation is that 56% (5) of the
9 people in this group had English as their second language1, compared with 17%, 4% and 14%
for Groups A, B and D respectively, so lack of confidence speaking English and/or cultural factors
seem to be likely confounding factors. Several participants (n=6) learned to drive in countries
where driving occurs on the right-hand side of the road, which may also have been a
confounding factor since this project was undertaken in Australia, where driving is on the left1

This age/experience group proved particularly difficult to recruit participants for, and a disproportionate
number of recruits were international university students, as discussed in Section 3.2.2.
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hand side of the road. However, since only two Group C participants learned to drive on the
right-hand side of the road, it is probable that other linguistic or cultural factors were more of an
issue for Group C overall. Also, Group C was much smaller than the others with only 9
participants compared with 18, 20, and 14 for Groups A, B, and D respectively. For these
reasons, Group C results are reported in the following data-driven results sections but are not
considered when interpreting and discussing the qualitative results.

ALL comments, mean by group: Day
ALL comments, mean by group: Night

600
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100
0
A
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D

Figure 5.1A: Mean total numbers of comments (i.e. all comments on all topics) per participant for
each group, day and night separately.

ALL comments, difference from mean: Day
ALL comments, difference from mean: Night
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Figure 5.1B: Mean total numbers of comments per group subtracted from mean of all comments
combined across groups, day and night separately.
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Figure 5.1B presents the values in 5.1A minus the overall mean of total number of comments per
participant (averaged across groups and times). Its purpose is to highlight group and time
differences in frequency of comments on all topics combined, to provide a benchmark for
comparison with the patterns of comments on some of the topics discussed in the qualitative
sections.

Section 5.4.2 below presents results from data-driven analyses of commentary content.
Following this, Section 5.4.3 presents results related to each of the supplementary questions
that were based on previous literature (see Section 5.1.1).

5.4.2. Data-driven analyses of commentary content
As expected, the data-driven or ‘bottom up’ coding process produced a detailed description of
participants’ perceptions of the road traffic environment by day and by night. Six main themes
emerged; that is, there were six topics at the highest level of the coding tree (see Appendix 2).
These six themes are presented below in order from those themes with the most to fewest
comments, along with the most frequently mentioned topics comprising them, and some
frequent examples of sub-topics for each.

5.4.2.1. Main themes
For each of these six main themes, the mean numbers of comments per participant is specified
below, as well as the total number of comments across all participants (in brackets after the
mean). These numbers include both day and night, and all groups combined. Within each of
these six themes the main topics comprising them are also reported along with total number of
comments (in brackets) and some common examples. (The full coding tree is shown in Appendix
2.)
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•

Road Geography: mean number of comments per participant across both day and night
commentaries: 73.54 (4486 total comments)
Main topics (total number of comments in brackets for each):
‒

Road signs (1822) – e.g. speed limits and advisories, lanes merge, intersection
ahead, curves ahead

‒

Intersections (1677) – e.g. roads entering, roundabouts, traffic lights

‒

Road shape (681) – e.g. curves, straight

‒

Lane layout (439) – e.g. lanes merge, bike lane, turning lane

‒

Road character (383) – e.g. major, rural, hilly, car parking

‒

Road shape – topography (i.e. vertical shape) (324) – e.g. crest, downhill,
smooth, undulating

•

‒

Road width (255) – e.g. wide, narrow, becoming narrower

‒

Pedestrian crossings (181) – e.g. with/without lights

‒

Line markings (83) – e.g. re no-parking, overtaking

‒

School crossings with lights (i.e. signalised) (57)

‒

Road work (50)

‒

Road surface (48) – e.g. speed humps, poor traction, rough/uneven

Road Users: mean number of comments per participant across both day and night
commentaries: 45.34. (2766 total comments)
Main topics:
‒

Other vehicles/other vehicle behaviour (2150) – e.g. parked, indicators on,
positions in lanes and ahead/behind/approaching, waiting to enter

‒

Road users on foot – actual and potential (607) – e.g. pedestrians, children,
animals

•

‒

Types of vehicle (291) – e.g. buses, trucks/vans

‒

Traffic flow (233) – e.g. heavy, light, road clear

‒

Cyclists (47) – e.g. actual, potential

‒

Age of driver (15) – e.g. learners, P-platers, elderly

Driving: mean number of comments per participant across both day and night
commentaries: 36.8. (2245 total comments)
Main topics:
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‒

Driving tactics (1705) – e.g. attention deployment, car operation, manoeuvring,
speed choice

‒

Driving strategy (568) – e.g. consideration for other drivers, critique of others’
driving, forward planning

‒

Environmental influences (187) – e.g. time of day, weather

‒

Difficulty (also includes comments about safety) (143) – e.g. feeling safe,
consequences of error, steering demand

•

Visual: mean number of comments per participant across both day and night commentaries:
9.34. (570 comments total)
Main topics:
‒

Visibility (453) – e.g. can’t see round corners or over hills, (vehicle) blind spot,
poor visibility, physical obstructions to vision

•

‒

Lights (176) – e.g. other vehicle lights, street lighting, own vehicle lights

‒

Glare (36)

Roadside Geography: mean number of comments per participant across both day and night
commentaries: 7.02. (428 total comments)
Main topics:

•

‒

Kerbs and edges (72)– e.g. guardrails, soft edges, steep edges

‒

Shopping centres (63)

‒

Roadside trees or shrubbery (56)

‒

Schools (28)

‒

Car parks off-road (27)

‒

Pubs and restaurants (24)

Commentary Issues (mean number of comments per participant across both day and night
commentaries: 0.9. (55 comments total)
–

uncertainty about what to report (15)

To investigate possible differences between day/night (time) and driver experience (group) in
the extent to which participants varying in experience focused on particular themes, group mean
number of comments per participant on each theme separately are shown in Figures 5.2A and
5.2B.
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Figure 5.2A: Mean number of comments per participant for each of the six main themes,
separately for group and time
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Figure 5.2B: Mean number of comments per participant on each theme, separately for group
and time, subtracted from the corresponding means of all comments (all groups).

It can be seen that for every theme except ‘driving’ and the very small ‘commentary issues’, the
older and more experienced Group D participants made the most comments, followed by Group
B and finally Group A (the learner drivers), following the overall pattern shown in Figure 5.1. For
‘driving’, there was little difference between Groups A and B in number of comments; this result
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is analysed further below in the sections ‘Comments referring to driving tactics’ and ‘Comments
referring to driving strategy’.

Overall, however, differences between groups in their focus on particular main themes appeared
to be small at this highest level of the coding tree. This visual impression was confirmed by using
SPSS (v.22) General Linear Model software to perform repeated-measures analyses of variance
for each of the six main themes, with number of comments per participant as the dependent
variable, group as the between-participants factor, and time (day, night) as the repeated factor.
As noted in Section 5.3.3 above, these inferential analyses were seen as exploratory rather than
for hypothesis testing. Results were consistent with expectations based on visual inspection of
the data, with group differences not approaching statistical significance for any themes.

For two of the six themes, ‘visual’ and ‘road users’, time was highly significant, but these results
are most likely due to differences between day and night driving conditions. For the ‘Road Users’
theme there were more comments for day than night (F(1, 52)=13.426, p=.001), which is
probably due to the higher traffic levels during the day compared to night-time conditions. And
for the ‘visual’ theme there were more comments for night than day (F(1, 52)=29.636, p=.000),
likely to be due to the generally poorer lighting and visual conditions during night-time driving.2

The data were further explored by looking at distributions of comments on the largest topics
from within each theme, described in the following section.

5.4.2.2. Largest topics and their context
The topics selected for further investigation were those with the largest numbers of comments.
In order from largest to smallest (in terms of number of comments) these were: other vehicles
(within ‘road users’); road signs (within ‘road geography’); driving tactics (within ‘driving’);

2

Most of the data sets used in these analyses showed strong positive skew and considerable kurtosis, but
simulations using artificial data have shown that such violations have little effect on outcomes provided
cell sizes are equal (Weiss, 2006). In an attempt to satisfy this proviso regarding cell sizes, the two smallest
groups (C and D) were combined, giving a total of three groups containing 18 (group A), 20 (group B) and
23 (groups C+D) participants, and analyses of variance were performed using these three groups rather
than four. However, the results from this further analysis with three groups and near-equal cell sizes were
very similar to those initial results with the four groups, so results from analyses with all four groups were
reported above.
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intersections (within ‘road geography’); road shape (within ‘road geography’); road users on foot
(within ‘road users’); driving strategy (within ‘driving’); visibility (within ‘visual’).

For ‘other vehicles’, ‘intersections’, ‘road shape’, ‘road users on foot’ and ‘visibility’ the
distributions of group mean numbers of comments reflected the distribution for all comments
together as shown in Figure 5.1, suggesting that awareness of these aspects of driving scenarios
follows the general pattern of increasing with driving experience. Issues related to these topics
are further investigated in the sections below on ‘driving tactics’, ‘driving strategy’, and in
sections on several of the literature-based questions.

For three of these major topics – ‘road signs’, ‘driving tactics’ and ‘driving strategy’ – comment
distributions were substantially different from the overall pattern shown in Figure 5.1.
Therefore, further investigation of the results for each of these three was undertaken and is
described in the following sections.

Comments referring to road signs
Figure 5.3 shows the distribution pattern for road signs. Comparing this to Figure 5.1, it can be
seen that Group D participants made relatively fewer comments about road signs compared to
mean total numbers of Group D comments, while the least-experienced people in Group A (day)
and Group B (both day and night) made relatively more comments compared to mean total
comment numbers for those groups. While many of these comments by Group A and B
participants were simple observations of the presence of particular road signs (e.g. “I see a
45kph sign” (Participant 12, day)) some of them were a bit more expansive (e.g. “It’s also
important that when there’s a give way sign, to make a complete stop with the car, as cars, as
oncoming traffic can drive through without any collisions” (Participant 11, day)). In comparison,
while many road sign comments by Group D participants were also simply observing the
presence of signs, some showed evidence of more complex understanding of the situation (e.g.
“And this is a school area. It says school crossing. There’s a sign there. And we have to be really
slow because there might be children. Although it’s school hours now. The children should be in
their classes. But as we are on a rather narrow road, so we won’t have time to react if anything
happens” (Participant 59, day)).

This finding that less-experienced drivers commented more than other participants about road
signs is consistent with results reported by Macdonald and Hoffmann (1991) for their day-time
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study; they found that young, inexperienced drivers were much more aware of road sign
information than older and more experienced drivers. The difference between inexperienced
and experienced drivers in the Macdonald and Hoffmann study was much greater than in the
present one, but their older group were much older and more experienced (mean age 41 years,
mean experience 20 years) than Group D in the present study.

Road signs, difference from mean: Day
Road signs, difference from mean: Night
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Figure 5.3A: Mean number of comments on
‘road signs’ per participant for each group, day
and night separately.
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Figure 5.3B: Mean number of comments per
participant on ‘road signs’ for each group,
subtracted from the overall mean (all groups)
for ‘road signs’, subdivided by time.

Perception or awareness of road signs is the topic of Supplementary Question 1, so this is
discussed further in Section 5.4.3 below.

Distinction between driving ‘tactics’ and ‘strategies’
‘Driving tactics’ and ‘driving strategies’ were the other two major topics where comment
distributions across groups differed from the distribution when all topics were combined. The
conceptual distinction between these two topics relates to the immediacy of their connection
to the current driving scenario. Comments were coded under ‘driving tactics’ when they were
closely related to some aspect of driving performance within a short timeframe; for example,
comments about various aspects of vehicle control and attention deployment. Comments were
coded under ‘driving strategy’ when the relationship with driving performance was more
general or applied over a longer time period; for example, comments about forward planning,
consideration for other road users, and critiques of others’ driving. This distinction between
‘tactics’ and ‘strategy’ had some similarities to that of Michon’s framework (1985; see Chapter

112

2 Section 2.3), in which the tactical level of driving performance relates to aspects such as
manoeuvring, obstacle avoidance and gap acceptance.

No significant differences between groups were found for either ‘Driving Tactics’ or “Driving
Strategy” using repeated-measures analysis of variance. Results for each of these topics are
presented below, including results from more in-depth analysis (where comment numbers
permitted) on sub-topics comprising them, and the context in which comments were made as
indicated by concurrently coded topics.

Comments referring to ‘Driving tactics’
Figure 5.4 shows the distribution between groups, separately for day/night, of comments on
‘driving tactics’.
Driving tactics: Day
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Figure 5.4B: Mean numbers of comments per
participant on ‘driving tactics’ for each group,
subtracted from the overall mean (all groups)
for ‘driving tactics’, subdivided by time.

Figure 5.4A: Mean number of comments on
‘driving tactics’ per participant for each group,
day and night separately

It can be seen in Figure 5.4 that Group D had the most to say about ‘driving tactics’, consistent
with the overall pattern shown in Figure 5.1, but Group A commented more than Group B, a
departure from the overall pattern. To investigate this further, the ‘driving tactics’ topic was
subdivided into its main sub-topics as shown in Table 5.2 and Figure 5.5.

As well as group means, Table 5.2 includes day/night ratios of comment numbers for each group
(ratio values were calculated by dividing the daytime numbers of comments by the night-time
numbers of comments; a ratio of less than 1 indicates more comments at night). It can be seen
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that, overall, day/night differences in numbers of comments were not large and did not follow
any clear pattern. For ‘driving tactics’ overall (top row of Table 5.2) there was little difference
between day and night in number of comments. The sub-topics comprising ‘driving tactics’ with
relatively more comments at night than during the day were largely related to car operation (‘car
operation’, ‘positioning in lane’, ‘stopping’), which might simply reflect the lower traffic levels at
night such that participants paid relatively more attention to their ‘own’ vehicle. For ‘stopping’
and ‘speed choice’, Group D made relatively more comments during the day. Results related to
‘speed choice’ are discussed further in that subsection below.

Table 5.2: Day/night ratios of mean numbers of comments per participant, and overall group
mean numbers of comments per participant, for each of the main topics within 'driving tactics'
and topics within 'manoeuvring'.

Overall group means

Day/Night ratios for each group
Topics

(day & night together)

A

B

C

D

A

B

C

D

DRIVING TACTICS – ALL

1.10

1.13

1.13

1.10

27.83

25.65

22.44

34.43

MANOEUVRING

1.17

1.17

1.12

1.19

20.91

22.10

17.67

26.86

giving way

1.28

1.71

1.38

1.10

2.34

1.90

2.11

4.36

positioning in lane

1.00

0.74

0.8

0.79

1.94

1.65

1.00

1.79

slowing down

1.07

0.97

3.33

0.93

3.31

2.85

1.44

6.36

stopping

0.86

0.80

0.67

1.30

2.23

1.35

1.67

1.64

using indicators

2.60

0.75

-*

2.50

1.03

0.35

0.11

0.50

SPEED CHOICE

1.05

1.00

0.75

1.57

4.57

2.80

3.11

4.21

ATTENTION DEPLOYMENT

1.55

1.29

3.67

0.77

3.20

0.80

1.56

3.29

CAR OPERATION

0.73

0.40

0.38

0.73

2.17

0.70

1.22

1.86

* Night time value was zero

Figure 5.5 depicts group means for ‘driving tactics’ overall and for each of the sub-topics
comprising it shown in Table 5.2. These are discussed in the following sub-sections.
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Figure 5.5: Group mean values (per participant) of number of comments on ‘driving tactics’ in
total, and for each of four main sub-topics within this theme of which the largest was
‘manoeuvring’. Distributions are also shown for sub-topics within ‘manoeuvring’.

‘Manoeuvring’ and ‘car operation’. Manoeuvring’ was the largest topic within ‘driving tactics’,
within which the main sub-topics were ‘giving way’, ‘positioning in lane’, ‘slowing down’,
‘stopping’, and ‘using indicators’. Group A made more comments than other groups on
‘positioning in lane’, ‘stopping’, and ‘using indicators’. They also made more comments on ‘car
operation’, which was a separately coded topic within ‘driving tactics’ containing comments
referring specifically to use of one or more vehicle controls such as brake, clutch and turn
indicator. Further inspection of the specific comments in these categories showed considerable
overlap, and with hindsight it would probably have been better to include all comments about
using indicators within ‘car operation’ and delete the separate topic.

In any case, the greater focus of Group A on ‘positioning in lane’, ‘stopping’, ‘using indicators’
and ‘car operation’ was clear, and this probably reflects learners’ less well-developed skills in
basic car control. In terms of the generic information processing model shown in Figure 2.1
(Wickens, Gordon & Liu, 1997), Group A participants were more likely than the others to be
functioning at a rule-based level, whereas the basic car control actions of Group D participants
were evidently automatised sufficiently for them to perform these actions at a skill-based level.
This difference between Group A participants’ performance and that of more experienced
participants also illustrates Anderson’s (1982) framework for skill acquisition, which describes
two major stages of skill development. The first is the declarative stage where instructions are
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encoded into a series of facts about the skill and used to generate behaviour, often using verbal
mediation to rehearse the relevant facts in working memory. With repeated practice, declarative
knowledge is converted into procedural knowledge where the knowledge can rapidly be applied
directly as performed behaviour without interpretation or verbal mediation. With ongoing
practice, procedural knowledge become more generalised and abstract, as demonstrated by
Group D participants’ comments about ‘car operation’, which were mainly about the higher-level
strategy of ‘covering’ the brake – for example: “I’d be covering my brakes whenever I see cars
coming from a side street. You don’t know if they’re going to stop or not” and “Bit of a decline in
the road, so it’s important to be ready to put on the brakes if required.” This subject was not
mentioned at all by Group A, who tended to make comments like “Going downhill around
relatively sharp corners. Probably good to be in second gear”, and “Turning left at a side street,
we check mirrors before indicating and braking and turning”. These results suggest a greater
tendency for participants in the most experienced group to “think ahead” and prepare for
situations in advance.

Consistent with that pattern, Group D made the most comments about ‘giving way’ and slowing
down’. Looking at the content of comments on ‘slowing down’, three main sub-groups were
identified: slowing down due to intersections, due to other road users, and due to curves in the
road. This last sub-group was the most interesting, since Group D commented more than Group
A overall about slowing down for curves but were less likely to specify the degree of road
curvature when they did so. It may be that Group D drivers had automatised the degree to which
they slowed down for bends in the road, and so were less likely to comment on individual road
curves. This interpretation was supported by the finding that Group D made more comments
about ‘winding roads’ such as “We’re going through curvy areas, so it’s important that we’re
slowing down as we’re going around these corners” (Participant 48, day) than did Group A, who
tended to describe individual road curves, e.g. “I’d probably slow down on this sharp corner
here” (Participant 6, night). This suggests that Group D participants were interpreting the road
environment in a broader and more holistic way than Group A participants, rather than simply
describing each individual curve as it was encountered. It is also interesting to note that
comments on ‘slowing down’ that also included mention of ‘giving way’ (i.e. when the comment
was coded under both ‘slowing down’ and ‘giving way’) were predominantly generated by Group
D: Group D produced 12 of the 13 comments of this type. These results are consistent with the
idea of Group D thinking further ahead and preparing better for situations in advance of them
actually occurring, behaviours typical of higher levels of situation awareness.
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Further exploring the context of ‘giving way’ comments, Group D made a higher proportion of
such comments than Group A in relation to ‘vehicles on a roundabout ahead of us’ (compared
to the distribution of all ‘giving way’ comments), while Group A made proportionately more
comments about giving way at a t-junction and giving way to ‘traffic along a road one is trying
to enter’. It might be postulated that this difference reflects a greater driving challenge in
transiting roundabouts as compared to the other two situations, but no clear interpretation is
possible because of the small numbers involved.

‘Attention deployment’. Another ‘driving tactics’ sub-topic for which results are shown in
Table 5.2 and Figure 5.5 is ‘attention deployment’. Group D made the most comments on this,
consistent with the pattern for all comments together, but Group A commented more than
expected compared with previous topics, and more than Group D at night. Further investigation
found that during the day Group A’s ‘attention deployment’ comments referred much more
often than Group D to checking for other vehicles, e.g. “Careful of cars pulling out of the side
street onto the street we are going onto” (Participant 2, Group A, night). In contrast, Group D
focused on the need to avoid distraction, which Group A did not comment on at all. Two thirds
of all comments coded in the ‘distractions’ topic were generated by Group D, and their content
provided further evidence that more experienced drivers have a more sophisticated awareness
of the need to avoid distraction by consciously controlling attention deployment in challenging
driving situations. Examples of this kind of comment are “The beauty of the moon shining
through could be captivating and take attention from the road” (Participant 45, night), and,
“Just noting at night-time there’s lots of buildings with lights on and with signs glowing that
could cause a distraction, so keep your eyes on the road” (Participant 49, Group D, night)).

This pattern was similar at night, where the reduced amount of night-time traffic is the most
likely explanation for Group A’s smaller number of night-time comments about paying attention
to other vehicles. Group D also made a number of comments explicitly about the need to
concentrate harder due to specific driving conditions such as darkness or a winding road, with no
comments on this from Group A.

Almost half of all comments coded in ‘attention deployment’ were in the sub-topic ‘I am paying
attention to…’, related either to ‘road geography’ (e.g. road signs and intersections), or other
road users. Most of the remaining comments in ‘attention deployment’ were either from the
sub-topics ‘X … no, Y’ or ‘distractions’. Comments were coded as ‘X … no, Y’ where a participant
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changed their mind regarding what they were seeing – for example: “It’s a merging lane of
traffic, so... it’s not, it’s a two-lane roundabout. Sorry! … Oops.” (Group A, day). Other such
comments referred variously to misinterpretations of intersection configurations, e.g. “Coming
up to a t-intersection. And there’s a hazard sign for it. Oh, not a t-intersection.” (Participant 3,
Group A, night), or of other drivers’ expected behaviour, e.g. “There’s a car indicating that’s
pulling out in front of us... changing lanes in front of us, sorry.” (Participant 3, Group A, night), or
of road signs, e.g. “Sign ahead. Torrens Valley Scenic Route, B10. Birdwood. See, I thought that
was a car, from the reflection on the metal.” (Participant 64, Group A, night), and so on. This sort
of comment was generated almost entirely by Groups A and B, which suggests that the
undeveloped mental models of novice drivers make them more error-prone when interpreting
some driving situations.

‘Speed choice’. This is the last to be discussed of the ‘driving tactics’ sub-topics shown in Table
5.2 and Figure 5.5. It is clear that Group A was over-represented in comments on this topic,
relative to the overall distribution shown in Figure 5.1, with Group D the second highest. The
distribution of ‘speed choice’ comments was similar to the distributions of ‘car operation’ and
‘attention deployment’, suggesting that ‘speed choice’ is of particular concern to learner drivers,
and to a lesser degree to more experienced drivers. Both of these findings are discussed below.

Inspection of the content of ‘speed choice’ comments’ did not reveal any major differences
between Groups A, B and D. But since speed choice is particularly critical for road safety, results
were further investigated by examining the context in which ‘speed choice’ comments were
most often made. Most comments were coded under more than one topic, so context was
investigated by identifying the topics that were most often coded concurrently with ‘speed
choice’, as shown in Figure 5.6.3 Table 5.3 shows both the day/night ratios and mean group
values for these ‘speed choice’ contextual topics.

3

Topics higher in the coding hierarchy included all comments coded under sub-topics within them.
Therefore, high-level topics are not shown when their coverage is very broad (e.g. ‘road shape’) and they
have sub-topics within them (e.g. ‘curves’) where the distribution more clearly indicates the distribution
across groups.
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Table 5.3: Mean numbers of comments in the most common 'speed choice' contextual topics (i.e.
cases where the comment was coded both for 'speed choice' and the topic shown), excluding
those higher in the coding hierarchy.
Overall group means
(day & night together)

Day/night ratios
‘Speed choice’ contextual topics

A

B

C

D

A

B

C

D

Curves (horizontal)

1.00

0.40

0.71

1.40

0.57

0.70

1.33

0.86

Going downhill

1.00

0.43

0.33

2.00

0.69

0.50

0.44

1.07

Speed limit signs

0.82

0.36

1.67

1.67

1.77

0.75

0.89

1.14

Go slower than the speed limit

0.75

0.58

0.67

1.31

1.60

0.95

1.11

2.14

Stick to the speed limit

1.33

0.67

0.67

1.25

1.60

0.25

0.56

0.64

It was noted above that Group D made relatively more ‘speed choice’ comments during the day
than at night, and the day/night ratio values for the five topics that were the main contexts of
these comments demonstrate that this pattern was repeated for all of these topics with the
marginal exception of ‘stick to the speed limit’ where Group A had a slightly higher day/night
ratio. Since traffic levels were higher during the day, this pattern might suggest that the speed
choices of more experienced drivers are more influenced by other traffic than are the speed
choices of less experienced drivers.

2.5
A
2

B
C

1.5
D
1

0.5

0
Curves
(horizontal)

Going
downhill

Speed limit
signs

Go slower
than the
speed limit

Stick to the
speed limit

Figure 5.6: Topics most commonly coded concurrently with ‘speed choice’ comments; mean
number of comments per participant for each group. (See footnote 3.)
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Consistent with that suggestion, it can be seen in Figure 5.6 that Group A comments on ‘speed
choice’ were most frequent in the context of ‘speed limit signs’ and the need to ‘stick to the
speed limit’, suggesting that the legal limit may be a greater influence on learner drivers’ speed
choice than on speed choices of more experienced drivers. The most frequent context of Group
D ‘speed choice’ comments were comments about ‘go slower than the speed limit’, suggesting
greater awareness of other factors that should or could influence driving speed.

Comments referring to ‘driving strategy’
Comparing Figure 5.7 with Figure 5.1, it appears that young drivers in Groups A and B (especially
B) were over-represented relative to Group D in ‘driving strategy’ comments, particularly at
night where Group D was lower than both A and B.

Driving strategy, difference from mean: Day
Driving strategy, difference from mean: Night

Driving strategy: Day
Driving strategy: Night

7

1.5

6

1

5

0.5
0

4

-0.5

3

A

B

C

D

-1

2

-1.5
-2

1

-2.5

0
A

B

C

-3

D

Figure 5.7B: Mean numbers of comments per
participant on ‘driving strategy’ for each
group, subtracted from the overall mean (all
groups) for ‘driving strategy’, subdivided by
time.

Figure 5.7A: Mean number of comments on
‘driving strategy’ per participant for each
group, day and night separately.

There was considerable diversity in these comments, so numbers in any single sub-topic were
not large; the four largest are listed below. The names of these topics are superficially similar,
but actually refer to somewhat different things, as reflected by their positions in the coding tree:
•

Driving planning/ be extra careful because of X (emphasis on planning own driving
manoeuvres)

•

Driving planning/ ensuring we have enough space to do X (emphasis on planning own
driving manoeuvres)
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•

Road planning/ there might be X ahead (emphasis on road environment)

•

Traffic planning/ we should be ready for X (emphasis on other vehicles)

Figure 5.8 depicts group means for all ‘driving strategy’ comments together and each of the four
largest sub-topics comprising it, and Table 5.4 shows their day/night ratio values and overall
group means. It can be seen that for all comments together, ratio values are positive (denoting
relatively more ‘driving strategy’ comments during the day), and this day/night differential tends
to increase with experience. Further, the increase with experience is greatest for the last of
these four topics: the topic concerned with other vehicles. Since there are fewer vehicles around
at night, this result is consistent with more experienced drivers having a greater focus on the
behaviour of other road users. For the first two of the above four topics Group B has the highest
day/night ratio, consistent with inexperienced drivers being more conscious of the need to plan
their own driving manoeuvres during the day when traffic is heavier than it is at night.

Table 5.4: Day/night ratios of mean numbers of comments per participant, and overall group
mean numbers of comments per participant, for each of the main topics within 'driving strategy'.
Overall group means

Day/night ratios for each group

Topics within ‘driving strategy’

(day & night together)

A

B

C

D

A

B

C

D

DRIVING STRATEGY: ALL

1.07

1.24

0.96

1.72

8.61

10.85

5.44

9.71

Be extra careful because of X

0.30

1.10

0.67

0.50

1.44

1.05

0.56

0.43

Ensuring enough space to do X

0.75

4.00

2.00

2.67

0.78

1.00

0.33

0.79

There might be X ahead

1.20

1.25

0.50

1.43

0.61

0.90

0.33

1.21

We should be ready for X

1.92

1.20

7.00

3.88

2.11

3.30

0.89

2.79

The nature of these comments was investigated further by looking at the contexts in which they
were made, separately for each of the four largest topics comprising ‘driving strategy’.
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Figure 5.8: Comments on ‘driving strategy’ in total, and for the four largest sub-topics.

‘We should be ready for X’. This was the largest of the four main topics comprising ‘driving
strategy’, and distribution of these comments across groups was the same as that for all ‘driving
strategy’ comments together.

For Group D, the two most common contextual topics were ‘intersections’ and ‘vehicles entering
road’, followed by ‘checking for traffic’ and ‘specific types of vehicle’ (e.g. buses, trucks and
vans). Groups A and B made substantially fewer such comments in those contexts. Group B were
more likely than D to make these comments in the contexts of ‘parked vehicles’, ‘vehicles
approaching on the other side of the road’, ‘vehicles changing lanes in front of us’, ‘potential
vehicle scenarios’, ‘manoeuvring’, ‘curves’, and ‘visibility’.

Comparing the contexts of comments on ‘we should be ready for x’ for Groups A and B versus
Group D, it appears that the former were more focused on factors that might impinge laterally
on the ‘field of safe travel’ ahead of them, such as parked cars (which narrow the available road
space, and also create the potential for one to move out into the traffic stream), and vehicles
approaching on the other side of the road (which might not always stay on their own side of the
road), and on the factors affecting the difficulty of this task (‘curves’, ‘visibility’) . An example of
this kind of comment from Group A is “There’s cars parked on the other side of us, so if there
was a car coming the other way we’d need to just be aware of that” (Participant 1, day). Group D
participants seemed to focus more on potential conflicts with other vehicles at intersections
(‘intersections’, ‘checking for traffic’; at traffic lights some mentioned the possibility of other
drivers “running the red light”), with particular types of vehicle (buses, trucks and vans) that
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were seen as having movement patterns different from other vehicles, and ‘parked vehicles’ that
it was anticipated might suddenly move out into the traffic. For example, “If there’s a bus a few
cars up I’m always a bit more careful, because it’s obviously going to pull over at a stop, so I’d
either be waiting to change lanes, or I’d be ready to brake.” (Participant 43, Group D, day).
Overall, this picture suggests that with increasing experience drivers develop a greater focus on
the behaviour of other road users, rather than just steering a safe course along the road. This is
consistent with findings by Borowsky, Oron-Gilad and Parmet (2009), who showed that young
novice drivers tended to classify traffic hazards in video clips in terms of similarities in specific
hazards, whereas experienced drivers took a broader view and considered similarities in the
overall driving environments when categorizing traffic scenes. Interestingly, Chi, Feltovich and
Glaser (1981) showed that physics experts addressed physics problems in a top-down fashion,
initially identifying the relevant principles before addressing the specifics of the problem,
whereas physics novices tended to use a bottom-up approach to problem-solving, basing their
approach on more superficial features of the problem. This suggests that the tendency for
experienced problem-solvers to look for overall organising principles when addressing problems
(as compared to novices’ pattern of considering superficial problem features) is likely a feature
of expertise regardless of subject matter domain.

‘Ensuring enough space to do X’. As shown in Figure 5.8, Group B was the highest in this group
of ‘driving strategy’ comments, and Group A was on a par with Group D.

When making this type of comment, Group A was over-represented in the contexts of
‘manoeuvring’ (particularly ‘turning left’), ‘intersections’, and ‘narrow road’. For example:
“... now turning across traffic into a side street, so I’d make sure that there’s a big enough gap
for me to get across” (Participant 9, Group A, day); and “... now we’re turning onto a road
without lanes, a very narrow road without lanes, so again I would be very careful of oncoming
cars and if I did happen to encounter one in the opposite direction I’d be sure to go very slowly
past it to make sure we both fit” (Participant 9, Group A, night). For Group B, the two most
common contextual topics for ‘ensuring enough space to do X’ were ‘parked vehicles’ and
‘vehicles approaching on the other side of the road’, which were the most common contexts for
Group B comments about ‘ensuring enough space to do X’. The scenarios depicted in these
comments were similar to those in the sub-section above about comments on ‘we should be
ready for X’ in the context of parked cars. For example: “... there’s a car parked on the left-hand

123

side and if we were driving in a larger car we may not fit as there’s oncoming traffic” (Participant
18, Group B, day).

Overall, this provides further suggestive evidence that inexperienced drivers are more focused
on the basic vehicle control task of steering a safe course along the road, consistent with results
reported in previous sections.

‘Be extra careful because of X’. This topic was primarily concerned with a driver’s planning of
their own manoeuvres, so it is unsurprising that such comments were most frequent in Group A
and decreased with increasing driver experience.

A common context for these comments was ‘difficulty’, indicating that the need for being ‘extra
careful’ often arose from the perception of some particular difficulty, which is consistent with
the observation that Group A made the largest number of such comments. Other contexts
included manoeuvring, speed choice, curves, road signs, parked vehicles, road users on foot,
lights, vehicles approaching on the other side of the road, and visibility, with Group A being the
most frequent source of comments in all these contexts except for the last two listed, where
Group B was the highest. The reason for the more frequent comments by Group B participants in
these contexts was unclear. There was no day/night difference in Group B comments of this type
that included mentions of approaching vehicles, which rules out the possibility of the increased
salience of headlights at night being a factor; and these comments were made by a number of
different Group B participants, which indicates that they were not due to one or two participants
making frequent comments of this type. It may simply have been due to random variation.

‘There might be X ahead’. The primary focus of these comments was road environment factors,
and it can be seen in Figure 5.8 that while comment numbers were quite low, they tended to
increase with driving experience. The most frequent contexts for these comments were ‘road
shape’, ‘road signs’, and ‘other vehicle behaviour’.

5.4.3. Analyses focused on literature-based questions
To explore data relating to each of the additional questions based on the literature identified in
Section 5.3.1.1 above, the dataset was searched for specific coding topics relevant to each of
these questions. Analyses were limited by the smaller number of comments on all topics at
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lower levels of the coding tree. Topics were excluded from analysis when they had a mean of 0.4
or fewer comments per participant in at least half of the cells in the analysis (usually there were
8 cells, comprising four groups by two times). NB: for this analysis the questions have been
amended to remove reference to Group C because of their anomalous results overall (see
Section 5.3.4.1 above) but Group C results are still reported for completeness.

Question 1. Are inexperienced drivers more aware than experienced drivers of traffic sign
information? Are drivers more aware of sign information when it has a high ‘action potential’
(AP)? And does the relationship between driver awareness and sign AP vary with driving
experience? Or, in terms of the present data set: Are drivers in Groups A and B more likely to
comment on road signs than those in Group D? Are drivers in all groups more likely to comment
on high-AP signs than low-AP signs? And do numbers of comments about road signs from Groups
A and B vary more with sign AP than comments from Group D?

Evidence concerning the first part of Question 1 was reported in Section 5.4.2.2 above, where
‘road signs’ was identified as one of the largest commentary topics. Results were consistent with
those of Macdonald and Hoffmann (1991); that is, Groups A and B were more likely than Group
D to comment on road signs.

The remaining elements of Question 1 are about effects of sign action potential (AP), and level of
driving experience and numbers of comments. Macdonald & Hoffman (1991) found that
awareness of traffic sign information was higher when the sign had a high Action Potential (AP).
This was true for both their novice driver group (licensed for approximately 2 years so closest to
Group B here) and their ‘experienced’ driver group (average of 18 years post-licensing, so older
and substantially more experienced than Group D in the present study). To investigate this issue,
topics related to road signs were searched and three ‘road signs’ sub-topics with sufficient
numbers of comments about high-AP signs were selected for further analyses: “give way signs”,
“stop signs”, “speed limit signs”. Another three topics relating to low-AP signs were selected for
comparison: “keep left”, “no parking or standing”, “accident markers”. Figure 5.9 shows mean
number of comments per participant, sub-divided by group and time, for high-AP and low-AP
signs separately.
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Figure 5.9: Mean numbers of comments per participant for each group, with high-AP and low-AP
road signs separately, subdivided by time.

Looking at Figure 5.9 and comparing y-axis values for high-AP versus low-AP signs, it is evident
that comments on high-AP signs greatly outnumbered those on low-AP signs for drivers of all
experience levels, which substantiates Macdonald and Hoffmann’s (1991) findings that the
awareness of traffic sign information was higher when the sign had a high AP.

The final element of Question 1 was: do numbers of comments about road signs from Groups A
and B vary more with sign AP than comments from Group D? It appears that this was the case in
the present study, at least during the day. For high-AP signs, Group D made slightly fewer
comments than Groups A and B during the day and fewer than Group B at night. For low-AP
signs, numbers of day-time comments fell progressively from Groups A to B to D, while at night
numbers were more similar across groups. The greater salience of reflectorised road signs at
night may account for this day/night difference. The Macdonald and Hoffmann study did not
include data collection at night.

Any further comparison of results from the older Macdonald and Hoffman (1991) study with
those from the present study is constrained by data limitations. Both studies used open-ended
measures of driver awareness and did not systematically vary participants’ exposure to different
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types of traffic sign. The Macdonald and Hoffman study included a much wider variety of sign
messages, but numbers of comments on individual sign messages in both that and the present
study were inadequate to enable more detailed analysis.

Question 2. Are novice drivers less aware than more experienced drivers that other road users
may behave unexpectedly? Or, in terms of the present data set: did Group A and B participants
(particularly A) make fewer comments than those in D about anticipating unexpected behaviour
of other road users?

Catchpole (1997) found young drivers to be over-represented in some crash types where the
other vehicle was legally required to give priority to those going straight ahead. He described
these crashes as “... created by unexpected actions of the other road user” (p.125), where the
other road user failed to give way as required and the younger driver consequently collided with
them. Question 2 is based on a premise that generalises Catchpole’s findings: that young
inexperienced drivers tend to expect, to a greater degree than experienced ones, that other
drivers will comply with road laws, giving way when legally required to.

Data exploration for evidence relevant to this question was difficult because participants rarely
made remarks expressing explicit surprise at other road users’ behaviour, and more general
comments that may possibly have pertained to this issue were often brief or ambiguous which
made accurate interpretation difficult. Of several topics that were potentially relevant to this
question, the only one with a sufficient number of responses to warrant analysis was ‘vehicle
entering road’, and the extent to which this should be categorised as ‘unexpected’ is debatable.
However, drivers entering a road are legally required to give right-of-way to drivers proceeding
along that road, and if they do not the resultant conflict would to some degree be unexpected.
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Figure 5.10A: Mean numbers of comments per
participant for ‘vehicle entering per participant
for each group, day and night separately.

A

Figure 5.10B: Mean numbers of comments for
‘vehicles entering the road’ by for each group
(as shown in Fig. 5.10A), subtracted from the
overall mean (all groups) for ‘vehicles entering
the road’, subdivided by time.

As shown in Figure 5.10, the more experienced drivers in Group D were more likely to comment
on vehicles entering the road ahead than were less experienced ones in Groups A and B, and
comparison with Figure 5.1 suggests that this was true to a greater extent than for comments on
all topics combined. If it is assumed that less experienced drivers were less likely to comment
because they expected these vehicles to give way to drivers already driving down the road (such
as the experimental vehicle), this result supports Catchpole’s (1997) suggestion that novice
drivers tend to expect other drivers to comply with road laws but that with increasing
experience they gradually learn this is not a reliable assumption.

The content of comments about vehicles entering the road was further investigated by
subdividing them into the following four categories:
‒

Vehicles actually in process of entering road

‒

Vehicles actually waiting to enter road

‒

Hypothetical vehicles, checking for vehicles that might be there.

It was found that the over-representation of Group D participants was much stronger for the last
of the above sub-categories – hypothetical vehicles, checking for possible vehicles – than for the
other two, e.g. “Coming up to another large row of shops, so I guess I’m expecting more cars to
come onto the road near us” (Participant 42, Group D, day). This is consistent with more
experienced drivers being at the most advanced of Endsley’s (1995) levels of situation
awareness, as shown in the top level of Figure 2.1 (see also Chapter 2, Section 2.2.2).
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Question 3. Do more experienced drivers make more comments than novice drivers that are
predictive of how the current driving situation may develop? Or, in terms of the present data
set: Did participants in Groups A and B make fewer comments demonstrating an ability to predict
non-obvious behaviours of other road users (i.e. behaviours that did not arise very obviously from
the current situation), compared with participants in Group D?

Two topics fell into this category – ‘potential vehicle scenarios’ and ‘in other circumstances they
might do X’; however, only the first of these had enough comments to warrant analysis. Mean
numbers of comments per participant are shown in Figure 5.11, separately for group and time.
In absolute terms, numbers of comments on ‘potential vehicle scenarios’ were low, but it can be
seen that Group B made almost as many in total as D (more than D at night), which is more than
would be expected based on the overall pattern shown in Figure 5.1, and contrary to what was
expected based on Endsley’s (1995) model of situation awareness. To explore possible reasons
for this, the content of Group B versus Group D comments was further investigated.
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Potential vehicle scenarios, difference from mean: Night

0.4

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

0.3
0.2
0.1
0
-0.1

A

B

C

D

-0.2
-0.3
Group A

Group B

Group C

Group D

Figure 5.11A: Mean number of comments on
‘potential vehicle scenarios’ per participant for
each group, day and night separately.

-0.4

Figure 5.11B: Mean numbers of comments per
participant on ‘potential vehicle scenarios’ (as
shown in Fig.5.11A), subtracted from the
overall mean (all groups) for ‘potential vehicle
scenarios’, subdivided by time.

It was found that almost all of Group B’s comments on ‘potential vehicle scenarios’, and most of
Group D’s, were about potential incursions into the experimental vehicle’s ‘field of safe travel’
(Gibson & Crooks, 1938; Papakostopoulos, Marmaras & Nathanael, 2017). Looking at these in
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more detail, an interesting difference became apparent between the two groups when ‘field of
safe travel’ comments were sub-divided into those related to potential conflicts with oncoming
vehicles and those related to potential lateral conflicts with vehicles from the side or merging.
For Group B, 61.3% of all their comments concerning ‘potential vehicle scenarios’ were related
to oncoming vehicles, while the corresponding figure for Group D was only 19.4%. Typical
comments of this type included “Just keep a look out for people coming down the hill, maybe
speeding or coming over our side of the road.” (Participant 17, Group B, night), and, “Cars
parked on the side of the road, that if oncoming traffic comes it’d be in your lane.” (Participant
18, Group B, day)

The other sub-category of ‘field of safe travel’ comments related to potential lateral conflicts
with vehicles from the side or merging. For Group B, 30.4% of all ‘potential vehicle scenarios’
comments were about potential lateral conflicts, while the corresponding figure for Group D was
considerably higher at 52.2%. Examples include “We’re also coming up to lots of shops and
businesses up here, so potentially cars are going to be pulling in and out, so it’s important that
we’re aware of what the cars in front of us are doing, and also what the cars coming out of these
car parks are doing, so that we’re ready to brake if necessary” (Participant 48, Group D, day);
and “And a slip lane to our left that we just changed into. There could have been people coming
up from the rear” (Participant 52, Group D, night).

Question 2 above was about comments on other drivers behaving unexpectedly, but the
particular type of comment used in investigating that question was about ‘vehicles entering
road’, which overlaps the category of ‘potential lateral conflicts’ identified in relation to
Question 3. Results from these two separate investigations are consistent; Group D drivers were
more likely to comment on ‘vehicles entering road’ and more likely to comment on ‘potential
vehicle scenarios’ involving possible lateral conflicts.

Question 4. Are novice drivers less likely than more experienced drivers to notice pedestrians
and to anticipate their potential presence? Or, in terms of the present data set: did participants
in Groups A and B (particularly A) make fewer comments than those in Group D about
pedestrians?
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There were two relevant topics here: pedestrians actually present, and the potential for there to
be pedestrians. Mean numbers of comments per participant on each of these two topics are
depicted separately in Figures 5.9 and 5.10.
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Figure 5.12A: Mean numbers of comments for
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Across all groups there were many more comments during the day than at night, reflecting the
presence of more pedestrians in most areas during the day, and differences between groups
were largely consistent with the pattern for total number of comments overall in Figure 5.1. This
supports a finding by Borowsky, Oron-Gilad and Parmet (2012) showing no effect of driving
experience on visual fixations when scanning pedestrian-related events in video clips of traffic
situations.
The question under investigation here, concerning possible age- or experience-related
differences in the probability of drivers colliding with pedestrians (see Section 5.1.1 above),
arose from four studies of crash data, three of which found that crash risk was higher for young
novice drivers (Maycock, 2000; Braver & Trempel, 2004; Al-Shammari, Bendak & Al-Gadhi, 2009),
while the only Australian one reported the reverse (Catchpole, 1997). The present study results
do not shed any new light on this question.

Question 5. Are young novice drivers more likely than more experienced drivers to notice
static environmental elements compared to moving road users? Or, in terms of the present
data set: Did Group A and B participants make more comments than those in Group D about
static objects (e.g. roadside objects, parked vehicles) and fewer than Group D about moving road
users?

To investigate this question, various topics were amalgamated to create two composite topics:
‘moving road users’ and ‘static objects’. For ‘static objects’, the topics considered for inclusion
were ‘road geography’, ‘roadside geography’ and ‘actual parked vehicles’ topics. ‘Road
geography’ was a large topic that included road signs, intersections, pedestrian crossings, and
various elements of road layout such as lanes, general road shape (e.g. curves, hills). ‘Roadside
geography’ included things such as fences, roadside foliage, shops, and power poles; comments
on this topic were far fewer than those on ‘road geography’ (approximately one tenth).

This question was based on results from research by Soliday and Allen (1972), possibly the only
study in the research literature specifically investigating this issue, in which their ‘static objects’
category (“roadway” in their terms) did not include parked vehicles, so it was decided to exclude
‘actual parked vehicles’ from the present composite topic. In fact, this did not influence results
substantially because there were not many comments on this topic and the distribution of those
comments was similar to that for both ‘roadside geography’ and ‘road geography’.
132

‘Moving road users’ incorporated the following sub-topics: ‘actual cyclists’ (sub-topic of
‘cyclists’); ‘actual children’ and ‘actual pedestrians’ (sub-topics within ‘road users on foot’); and
the following large set of topics within ‘other vehicle behaviour’: ‘indicating vehicles’, ‘other
drivers in general’, ‘other vehicle’s lane position’, ‘reversing vehicles’, ‘slow-moving vehicle
ahead of us’, ‘traffic along a road one is trying to enter’, ‘vehicle changing lanes in front of us’,
‘vehicle turning across ahead of us’, ‘vehicle ahead but side of the road unspecified’, ‘vehicles
ahead of me on my side’, ‘vehicles all around us’, ‘vehicles approaching on the other side of the
road’, ‘vehicles behind me on my side’, ‘vehicles entering road’, ‘vehicles off in the distance’,
‘vehicles on a roundabout ahead of us’, ‘vehicles on either side of me going my way’, ‘vehicles
slowing or stopping ahead of us’, ‘vehicles to the left’, ‘vehicles to the right’, ‘vehicles travelling
across an intersection ahead’, ‘vehicles travelling faster than expected’, ‘vehicles turning ahead
of us’, and ‘vehicles whose location is unspecified’.

Results for these two composite topics are depicted in Figure 5.14. It can be seen that numbers
of comments were uniformly lower at night, but the day/night difference was substantially
greater for ‘moving road users’, as would be expected due to lower traffic volumes at night.

Comparing results for ‘static objects’ versus ‘moving road users’, for Groups A and B there was
little difference, but Group D made more comments on ‘moving road users’ than on ‘static
objects’. Comments on both ‘static objects’ and ‘moving road users’ increased with experience,
but the increase was greater for ‘moving road users’.
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Figure 5.14: Mean numbers of comments on static and moving objects per participant for each
group, day and night separately.
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To compare these results with those of Soliday and Allen (1972), it is more meaningful to look at
values of the ratio of ‘moving road users’ to ‘static objects’ since measurement units are not
directly comparable. For Groups A and B these ratios for day-time data were 0.47 and 0.51
respectively, compared with 0.50 for the young group in Soliday and Allen’s day-time study. And
for Group D the ratio was 0.57, compared with 1.25 for Soliday and Allen’s older group. This
shows that in both studies the ratio was higher for the more experienced drivers, but the
increase was very much less in the present study.

Several differences between the design of the present study and that of Soliday and Allen (1972)
could account for the difference in results. First, Groups A and B were slightly younger and much
less experienced that the young group in the previous study who had a mean 4.4 years postlicensing experience, although Group D was quite similar to the older group in that study both in
age (mean 25.4 years) and driving experience (mean 8.6 years post-licensing). Second, Soliday
and Allen stated that most of their experimental route was along country roads and interstate
highways, whereas the present route included residential backstreets, busy commercial areas,
and narrow winding roads through a hilly region. Third, and probably most importantly, in the
present study instructions were to talk about “things that a good driver would notice”, whereas
focus in the previous study was more narrowly on hazards: participants were asked to comment
whenever they encountered a situation they thought was “potentially dangerous”.

Question 6. Is there evidence of poor skill calibration among young novice drivers? Or, in terms
of the present data set: did Group A and B participants make fewer comments about the
difficulty of the driving task and/or related risks, compared with Group D?

As discussed in Section 2.4.3 of Chapter 2, young novice drivers, particularly young males, tend
to be overconfident with respect to their driving skills and safety (Matthews & Moran, 1986;
Lerner & Rabinovich, 1997; Rosenbloom, Shahar, Elharar & Danino, 2008), in which case they
might be less likely to comment on difficulty and/or risk. On the other hand, young novices have
less well-developed driving skills, which means that they may experience some aspects of driving
task demands as more difficult and/or risky, and on this basis they might make more comments
about difficulty and/or risk.

To investigate these issues, the distribution of comments on ‘difficulty’ were investigated. The
sub-topics within ‘difficulty’ were: ‘consequences of error’, ‘difficulty due to other traffic’,
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‘difficulty of car operation’, ‘history of accidents’, ‘lane markings hard to interpret’, ‘not difficult’,
‘steering demand’, ‘vehicle limitations’, and ‘safety’. That is, ‘safety’ was coded as a topic within
‘difficulty’. Within ‘safety’ were the following three topics: ‘could be dangerous under other
circumstances’, ‘feeling safe’, and ‘dangerous, or negative affect’.
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Figure 5.15A: Mean number of comments
on ‘difficulty’ per participant for each group,
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A

B

C

D

Figure 5.15B: Mean number of comments
per participant on ‘difficulty’ for each group
(as shown in Fig.5.15A), subtracted from the
overall mean (all groups) for ‘difficulty’,
subdivided by time.

Mean numbers of comments per participant on ‘difficulty’ are shown in Figure 5.15, where it can
be seen that numbers of these comments were very low – little more than one per participant
per trip, with Group A slightly higher than the more experienced groups.

Looking at topics coded concurrently with ‘difficulty’, it was found that most comments on
difficulty (101 out of 142) related to aspects of road geography, and approximately one third (46)
also pertained to ‘steering demand’. Closer examination of the numbers and content of
comments about both ‘steering demand’ and ‘road geography’ showed that they tended to
increase with driver experience (group means were: A=0.39, B=0.50, D=1.07), and they seemed
to reflect recognition (greater among Group D drivers) that some road environments are
particularly challenging to negotiate due either to lack of space to manoeuvre (as in car parks) or
to higher attentional demands of driving along tightly winding roads. Examples of this type of
comment are “This area is full of tricky roads and hard curves. If you’re not used to this area try
to be slow and try to be more concerned, more aware of your surroundings” (Participant 55,
Group C, day) and “Oh, these corners around here are not only downhill, but they’re surprisingly
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steep… not steep, tight corners. Kind of surprised me the first time I drove down here a while
ago. I thought ‘Oooh, Nelly!’” (Participant 26, Group B, night)

Looking at the subgroup of comments related to ‘safety’ (53 of the 142), it can be seen in Figure
5.16 that very few comments in this sub-group of these comments were made by Group D.
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Figure 5.16A: Mean number of comments
on ‘safety’ per participant for each group,
day and night separately.

Figure 5.16B Mean number of comments
per participant on ‘safety’ for each group (as
shown in Fig.5.16A), subtracted from the
overall mean (all groups) for ‘safety’,
subdivided by time.

Examination of contextual topics for ‘safety’ found considerable diversity, with clusters of
comments coded under several higher-level topics (e.g. ‘road geography’, ‘road shape’, ‘other
vehicle behaviour’), while the only more specific topic with more than 9 comments in total was
‘curves’. Since part of the experimental route ran through hilly rural terrain with sharp bends
and steep drops beyond the road’s edge, it is unsurprising that some of the participants were
moved to comment on safety with respect to this feature of the road geography. Typical
comments were “Ok, now this is bad. The trees on one side, and trees and a big fall on the other.
Same principle as before while in daytime. Stay away from the guardrails. That’s about all I can
say.” (Participant 8, Group A, day); and “I think beginner drivers should not come here in the
road, in this road in the hills. I think they’re quite dangerous, so you have... you need to have
years of experience. Especially at night. But I don’t think it’s really safe to drive here.”
(Participant 47, Group D, day)

For the 33 comments in the ‘safety’ sub-topic ‘dangerous, or negative affect’, the most common
concurrently coded topics were ‘curves, degree unspecified’, and ‘can’t see round corners or
over hills’. In general, most of these contextual topics related to static aspects of the road
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environment such as road and roadside geography, and to car-handling issues pertaining to
those aspects, such as recommendations to drive slowly, or be careful when driving downhill.
This suggests that participants commenting on danger or expressing negative affect perceived
aspects of the physical environment, particularly along the hilly, rural section of the route, to be
the most dangerous element. It seems likely that Group D made fewer comments about safety
than other groups because they saw the narrow and winding nature of the road as less
challenging or threatening due to their better developed vehicle control skills.

Returning to Question 6, there was no evidence of poor skill calibration among young novice
drivers. Issues relating to perceptions of driving-related risk and difficulty are investigated more
specifically in Chapter 7.

5.5. General Discussion and Conclusions
This project used a ‘grounded theory’ approach to qualitative data collection and coding; that is,
it was not designed specifically to test hypotheses but to document the unconstrained
perspectives of participants as they were driven around a standard route and commented freely
on ‘things that a good driver would notice’. Commentaries were analysed to investigate possible
differences between participants of differing ages and levels of driving experience, and between
day/night driving conditions. There were four groups of participants (A, B, C, D) varying in age
and/or driving experience; however, results from Group C were found to be anomalous,4 and
have not been considered when interpreting and discussing results.

Initial analysis of commentary transcripts entailed coding of each participants’ ‘comments’ (a
‘comment’ was typically one or two sentences) in accord with phases one to five of the thematic
analysis process described by Braun and Clarke (2006). The resultant coding tree was a
hierarchical structure with six top-level themes within which were several major topics and
many sub-topics, (see Appendix 2). Most comments were coded at more than one place in the
coding tree, and results were presented in terms of the number of comments on particular

4

Great difficulties were encountered in recruiting participants for this group and as a consequence it was
much smaller than the others (only nine people) and five of the nine had English as a second language
which was a much higher percentage than in the other three groups. Group C had much less to say than
the other groups and the pattern of their results on particular topics was generally anomalous, making it
impossible to interpret their results in relation to the other three groups.
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topics, and in some cases also their context (i.e. topics coded concurrently with comments on
that topic). The verbatim content of comments was also reviewed and examples provided where
it seemed helpful in clarifying the nature of the topic.

The six themes at the top of the coding tree, in order of comment numbers, were: ‘road
geography’; ‘road users’; ‘driving’; ‘visual’; ‘roadside geography’; and ‘commentary issues’.
However, these themes were so wide in scope that it was found more useful to analyse data in
terms of a more narrowly defined set of major topics that emerged within the four largest of
those themes. In order from largest to smallest, these topics were: other vehicles (within ‘Road
Users’); road signs (within ‘road geography’); driving tactics (within ‘driving’); intersections
(within ‘road geography’); road shape (within ‘road geography’); road users on foot (within ‘road
users’); driving strategy (within ‘Driving’); visibility (within ‘visual’).

Looking at results for all themes together, the average total number of comments per
participant increased from the least experienced drivers in Group A through to the most
experienced in Group D. Importantly, those in Group A were learner (L-plate) drivers who had
not yet passed the licence test but they were the same age as those in Group B, so the larger
number of comments made by the more experienced Group B was not a function of age.
However, this general trend was not uniform across all topics, and more in-depth analyses
explored possible reasons for differences between participant groups and between day and
night driving conditions.

It was found that while there were often day/night differences in comment numbers and
content, this was usually explicable in terms of reduced traffic levels at night, and/or visual
issues specific to night-time driving such as lighting and poorer visibility. Differences between
participant groups were generally of greater interest, appearing to reflect participants’ different
stages of driving skill development. Conclusions concerning these differences are summarised
below, drawing on evidence from various components of the results reported in section 5.4
above.

5.5.1. Differences related to car control skills
5.5.1.1. Inexperienced drivers were more focused on car control and manoeuvring.
The least-experienced participants (Group A, or learner drivers) said more about basic car
control functions than other participants, demonstrating a greater focus on ‘positioning in lane’,
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‘stopping’, ‘using indicators’ and ‘car operation’. This probably reflected their lower level of
vehicle control skills and associated lower degree of ‘automatisation’ of those functions,
compared to the young P-plate drivers in Group B.

In terms of Rasmussen’s Skills-Rules-Knowledge model (Rasmussen, 1993; see also Chapter 2,
Section 2.2.1), they were more likely than were more experienced drivers to be functioning at
the rule-based level of cognitive control.

This focus on basic vehicle control tasks by less experienced drivers was also demonstrated by a
tendency on the part of Groups A and B to comment more on the basic task of steering a safe
course along the road, and on factors that might impinge laterally on the ‘field of safe travel’
ahead of them.

Less experienced participants were also inclined to express caution more frequently in relation
to planning manoeuvres and focusing more on safety issues regarding static aspects of the road
environment as they related to car handling. It is probable that the most experienced drivers
were less likely to comment on safety in these circumstances because they saw these
environmental elements as less dangerous in the context of their own, better-developed vehicle
control skills and associated greater confidence.

5.5.1.2. Experienced drivers appeared to have better skill calibration in some situations
Comments on ‘difficulty’ averaged little more than one per participant across all groups, with
Group A comment numbers slightly higher than for the more experienced groups. This does not
support evidence that less experienced drivers tend to over-estimate their driving skill and/or
under-estimate their risk of crashes (Finn & Bragg, 1986; Lerner & Rabinovich, 1997). However,
comments about both ‘steering demand’ and ‘road geography’ (i.e. both together) increased
with driver experience, possibly reflecting greater recognition among the more experienced
Group D drivers that some road environments are particularly challenging to negotiate due
either to lack of space to manoeuvre (as in car parks), or due to the higher attentional demands
of driving along tightly winding roads. This is consistent with a finding by Kinnear, Kelly, Stradling
and Thomson (2013) that experienced drivers showed greater psycho-physiological responses to
hazards than novices, a finding which they attributed to better understanding of those risks.
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5.5.2. Differences related to perceptual and cognitive aspects of driving skill
5.5.2.1. Inexperienced drivers were more focused on legal issues, and more likely to assume
others would obey road laws.
While novice drivers were somewhat overrepresented in terms of comments about both road
signs and speed choice, it was the overlap between these two topics that proved interesting:
Group A’s comments about speed choice related most frequently to speed limits and the need
to obey the speed limit, suggesting that the legal limit may be a greater influence on learner
drivers’ speed choice than it is for more experienced drivers.

There was also some evidence that novice drivers have a stronger expectation that other road
users will comply with road rules. Exploration of comments related to other vehicles entering
the road ahead of the experimental vehicle showed that more experienced drivers were more
likely to make comments of this type. This might be because novice drivers expected these
vehicles to give way to the experimental vehicle (since they were legally required to do so),
consistent with Catchpole’s (1997) suggestion that novice drivers tend to expect other drivers to
comply with road laws, but that with increasing experience they gradually learn this is not a
reliable assumption.

5.5.2.2. Inexperienced drivers appeared to have less well-developed mental models.
Several findings suggested that novice drivers have simpler and less differentiated mental
models of the driving environment. First, the tendency of comment numbers (as well as word
counts) to increase with driving experience suggested greater detail and complexity of
commentaries generated by more experienced drivers. Second, novice drivers made more
comments than experienced drivers that demonstrated misinterpretation of elements of the
driving environment (such as intersection configurations, other drivers’ expected behaviour, or
road sign content). It is probable that novice drivers’ less developed mental models of the road
environment (as described by Eysenck & Keane, 1995; Endsley, 1995, and many others; see also
Chapter 2, Sections 2.2.1 –2.2.2) lead them to be more error-prone when interpreting some
driving situations.

Third was a finding that arose from analysis of comments about things requiring particular
caution. Comments of this sort from the least experienced participants covered a diverse range
of topics with no clear clustering around particular issues. Potential hazards for which Group A
(the least experienced) advised extra care ranged from weather and visibility issues, through to
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the possibility of dogs escaping control and running out onto the road, or drunken revellers near
a pub “doing something stupid”. In contrast, comments from more experienced drivers could
more easily be categorised, relating particularly to visibility issues, road curves and approaching
vehicles. This is consistent with the mental models of more experienced drivers more clearly
identifying situations that might require particular caution.

5.5.2.3. Experienced drivers appeared to think ahead more, to think more holistically, and to
have a higher level of Situation Awareness (SA).
Experienced drivers demonstrated their greater tendency to think ahead and think more
holistically about the driving environment in a variety of ways. For example, almost all
comments about slowing down prior to giving way were generated by Group D, who were also
more likely to mention ‘covering the brake’. Evidently these more experienced drivers were
more aware of the need to prepare for such situations in advance, and there was also some
evidence that they were more aware of the need to avoid distraction by consciously controlling
attention deployment in challenging driving situations. Similarly, experienced drivers were
overrepresented in comments about advance planning for the possibility of vehicles entering the
road and for potential lateral conflicts with vehicles from the side or merging, and more
generally in comments about possible elements of the road environment ahead. Consistent with
this, experienced drivers commented more than novices about slowing down, particularly with
respect to slowing down for road curves, and in these comments they spoke broadly about
‘winding roads’ rather than describing individual road curves as they approached them (as the
novice drivers did). That is, they had a more holistic interpretation of the road environment.

Holistic thinking and forward planning are typical of higher levels of SA, as described by Endsley
(1995; see also Chapter 2, Section 2.2.2). Empirical studies (Borowsky, Shinar & Oron-Gilad,
2010; Borowsky and Oron-Gilad, 2013) have found that experienced drivers are more aware of
hidden and potential hazards that are not noticed by novice drivers. This also suggests greater
forward planning by the more experienced drivers, who are considering possible hazards before
they become apparent, thus adopting a more proactive rather than reactive driving style.

5.5.2.4. Experienced drivers appear to be more focused on other road users.
There was some evidence that experienced drivers attended more to other road users than did
novices. Comments by Group D participants about planning for traffic ahead tended to focus
more than those of novices on potential conflicts with other vehicles at intersections, on
141

particular types of vehicle that have movement patterns different from ‘normal’, and on parked
vehicles that might suddenly move out into the traffic. Overall, such results suggest that with
increasing experience drivers develop a greater focus on the behaviour of other road users,
rather than just mechanically manipulating the vehicle to steer a safe course along the road.

Also, Group D made more comments about ‘speed choice’ during the day than at night, and their
day/night differential was greater than that of Groups A and B. This is consistent with speed
choices of more experienced drivers being more affected by the presence of other traffic since
traffic levels were considerably higher during the day than at night. A similar pattern was also
found for comments about ‘driving strategy’, and particularly so for the largest sub-topic within
this theme, which contained comments about planning for other traffic ahead.

The above findings are consistent with those from analyses of comments on static versus
dynamic road environment elements (see Section 5.4.3, Question 5: Are young novice drivers
more likely to notice static environmental elements than moving objects?), although the framing
of the latter question was different, based on findings from a study by Soliday and Allen (1972).
The present results were consistent with those of Soliday and Allen in that experienced drivers
made more comments on moving road users than about static objects, as compared to novice
drivers who commented to a similar extent about both.

The next chapter presents the results from the video-based hazard perception task described in
Chapter 3, Section 3.2.4.2.
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6.1. Aim
In the previous chapter, on-road commentaries generated by four groups of drivers were
analysed to investigate the influence of driving experience and day versus night visual conditions
on their understanding of road traffic situations.

This chapter has a similar aim but with a focus more specifically on ‘hazards’ rather than
‘situation awareness’ more broadly. For this study, rather than providing on-road commentaries,
participants were required to perform an off-road task in which they responded to a standard
set of video clips of road traffic environments.
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6.2. Method
6.2.1. The hazard perception task
The hazard perception task methodology was similar to those used by several previous
researchers (Groeger and Chapman, 1996; McKenna and Crick, 1991; Wetton et al., 2010), in
that subjects were presented with a number of video clips showing traffic situations from a
driver’s-eye perspective, and their task was to identify potential hazards confronting the driver.
In accord with the exploratory nature of this study, the task was designed with an open-ended
response format; the study was not designed to test particular hypotheses so investigations of
data relating to these questions were seen as purely exploratory, despite the use of quantitative
descriptive statistics for analysis.

The use of videos was considered preferable to real-world driving along a set route because use
of video footage reduces the variation between subjects in traffic and environmental situations
that is inevitable when subjects are in a vehicle viewing traffic scenarios occurring in real time.
Videos rather than still photographs were chosen in order to include dynamic situations, since
there was some evidence that novices and experienced drivers notice static and dynamic
elements of the driving environment differently (Soliday & Allen, 1972), and this presentation
also better reflects the reality of the dynamic environment.

6.2.1.1. Recording and selection of video stimulus material
A Panasonic NV-DS60 video camera was used to record over 5 hours of video footage of both
day and night road traffic scenarios with widely varying road environment and traffic conditions
as encountered while driving around in Adelaide and environs, in areas similar to the route used
for on-road data collection reported in Chapter 5. During daytime trips a hand-held camera was
used, positioned slightly to the left of the driver’s head, but at night it was necessary to use a
different camera to improve low-light performance and this was head-mounted on the driver
using a custom-built camera attachment.

A total of 14 short clips were selected for experimental use (mean clip duration: 37.8 seconds,
range: 11-99 seconds). This number of clips was selected for two reasons. Firstly, six locations
were identified in the video source material where the exact same stretch of road was recorded
under daytime and night-time driving conditions, allowing for six matched pairs of video clips
(totalling twelve video clips). In addition, two unmatched night-time clips were selected because
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they contained situations of interest that were not represented in the paired clips. None of the
selected clips was from the actual route used to collect on-road data, although road
environment was similar. The total number of video clips was kept fairly low so that the task
would not be excessively onerous for participants, given that the same set of clips was used for
multiple tasks and thus viewed three times by each participant. The clips were selected to
include various kinds of potential hazards and difficulties that might plausibly be expected to
draw out differences in driving experience, such as traffic situations where other road users’
behaviour is ambiguous and hard to interpret, or particularly difficult driving environments). The
contents of the video clips are described in detail in Section 3.3.1. All 14 video clips are included
as a video attachment.

6.2.2. Procedure
Video clips were displayed to participants on a Dell laptop, using custom software both to
present the clips and to record the participants’ responses; clips were presented in a different
and random order to each participant.

As per the McKenna and Crick (1991) study, participants were asked to press a button (the space
bar on the computer keyboard) when they identified something in a video clip that was
potentially hazardous, and this action paused the clip at that point. Pauses were automatically
recorded in the form of elapsed time in milliseconds since the clip commenced playing.

Participants were asked to press the computer space bar (which paused the video clip) each time
they noticed “a potential hazard” and then to explain what they had noticed. They were given
the following instruction:
“You will be shown a series of driving situations filmed from a driver’s-eye view.
Watch carefully, looking out for potential hazards as though you were driving the car.
It’s important to notice potential hazards so that – if needed – you’re ready to take
action to avoid an accident. So in this task, you have to watch carefully for specific things
or events that might increase your accident risk if you didn’t notice them in time. This
might include some aspect of the roadway or its surroundings, or things other road users
are doing or might be about to do – basically, anything that it would be important for
you to notice while driving, so that you could respond to it when necessary. As soon as
you notice a potential hazard, press the keyboard space bar as quickly as possible.
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There are no right or wrong answers in this task, so don’t worry about whether you are
“supposed to” respond to a particular thing or not. If you think it might increase accident
risk if the driver didn’t notice it, push the spacebar. This will freeze the video, and the
experimenter will then ask you a question or two about the potential hazard, after which
the video will be re-started.”

The experimenter was required at times to ask questions to clarify participant response
statements in situations when responses were unclear, such as:
•

Very brief and vague statements such as “he didn’t stop” ... Experimenter asked who
“he” was and what he should have stopped for;

•

Statements such “the person might cross the road” ... Experimenter asked questions to
determine which specific pedestrian the participant was referring to;

•

Statements such as “there’s a bus turning out onto the street, and there’s something
where you have to turn” ... Experimenter asked for more details about what they
thought was happening, and who they thought had right of way in that situation.

All responses and any experimenter questions were recorded using a hand-held Olympus DS2200 digital voice recorder operated by the experimenter, and recordings were later transcribed
for analysis.

6.2.3. Participants
There were 61 participants, comprising 28 females and 33 males, (the same group of participants
used for Studies 1 and 3 allowing for minor variations, as described in Chapter 3, Section 3.2.2).
They were recruited based on their age and driving experience to create four groups, as shown
in Table 6.1:
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Table 6.1: Participant groups by age and driving experience.
Group

Number of participants

Age range in years (median Mean time post licensing driving

(f/m)

age in years.months)

experience in years.months

A

17 (7/10)

16 – 20 (18.6)*

0

B

21 (9/12)

17-20 (18.4)

0.11

C

8 (4/4)

20-24 (23.7)

5.6

D

15 (8/7)

25-30 (28.6)

10.6

* All Group A participants except one had a learner’s permit, and all except two were aged between 16
and 20 years. See Chapter 3, Section 3.2.2. for more details.

As reported in the previous chapter, 56 percent of Group C participants had English as their
second language, compared with percentages of 17, 4 and 14 for Groups A, B and D respectively,
and Group C was considerably smaller than the other three groups. In the on-road commentaries
reported in the previous chapter it was found that Group C said much less than the other three
groups, and this pattern was again apparent in their performance of the hazard perception task
reported here. As the difference between Group C participants’ verbal output and that of other
groups was consistent across tasks, this strongly suggested that Group C’s brevity was not due
simply to differences in driving skills, but due to cultural and/or English language skill
differences. For this reason, Group C results are reported below for completeness but their
results are given little weight when discussing differences between groups.

6.2.4. Data preparation and coding
Information from the digital voice recorder was transcribed by the experimenter, and these
transcriptions were then coded using the QSR NVivo software package, following the same
procedure as that used in Study 1. In the present case coding was specific to the hazard
perception task; that is, the codes generated were based on the reasons given for pausing the
clips, with each different reason assigned to a specific coding node on the coding tree (e.g.
“traffic lights could turn red” or “pedestrian crossing in front of us”).

Each time a video clip was paused the hazards identified by the participant were individually
coded. It was often the case that multiple potential hazards were identified for a single pause,
but particular elements were coded only once per pause. For example, if a participant said "I saw
a man step into the road at the traffic lights, and there's a car on the other side about to turn
right... and some more people stepping into the road as well", that would be coded once for
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'pedestrians crossing in front of us' (despite more than one reference to pedestrians on the
road), once for 'traffic lights ahead', and once for 'approaching vehicle indicating or turning
across ahead of us'.

6.2.5. Analyses of coded data
Once the coding was completed, the dataset was interrogated using NVivo’s inbuilt data query
functions, which provided numerical counts of comments meeting query criteria. The full hazard
perception task coding tree can be found in Appendix 3.

6.3. Results and Discussion
Section 6.3.1 below reports on what participants saw as potentially hazardous, with subsections
looking first at differences in this between the four participant groups, and then differences
between daytime and night-time video clips for the same set of locations. Section 6.3.2 then
reports analyses to investigate possible differences between participant groups, for day and
night video clips separately, in numbers of times the video clip was paused – that is, how many
times a potentially hazardous situation was identified. Finally, Section 6.3.3 reports results for a
small subset of five hazards where it was possible to measure how quickly participants
responded to the hazard by pausing the video clip.

6.3.1. What did participants see as potentially hazardous?
The hazard perception task asked participants to stop the video when they noticed “potential
hazards”, defined as “specific things or events that might increase your accident risk if you didn’t
notice them in time...”. This resulted in a coding tree that was wider and flatter (i.e. it had fewer
hierarchical levels of coding, and the majority of coding topics were situated at the same level)
than that described in the previous chapter where participants provided ongoing commentary
on the broader topic of “things that a good driver would notice”. Many of the same topics were
identified in both the on-road commentary (Chapter 5) and the present task, such as elements of
‘road geography’ (e.g. the shape and layout of the road, intersections and so forth) and issues
relating to visibility. This included elements not just of road environment visibility due to
geography and layout, but also related to lighting, and to differences between the day/night
visual environment in general.
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Across all 14 video clips, 106 different topics were coded, each signifying a particular reason for
pausing the clip. To facilitate investigation of potential differences between participant groups
and between day and night conditions in the kinds of things identified as hazardous, nine main
hazard categories were identified (see full coding tree in Appendix 3). These nine categories
encompassed 97 of the 106 topics. Some topics were included in multiple categories; for
example, ‘approaching vehicle indicating or turning across ahead of us’ was included both in
‘other vehicles‘, and in ‘approaching traffic on other side of the road‘. The nine categories are
listed below, in order from the most- to the least-frequently mentioned.
•

things that impinge (or might impinge) on our lane (745 comments)

•

things in our lane ahead that we could have to slow or stop for (557 comments)

•

other vehicles (excludes those parked) (530 comments)

•

pedestrians (512 comments)

•

road geography (293 comments)

•

visibility issues (154 comments)

•

parked vehicles (106 comments)

•

we should do X (69 comments)

•

approaching traffic on other side of road (52 comments)

Figure 6.1 below shows the numbers of times (mean per participant) a hazard within each of
these nine categories was identified at Locations 1-6, separately for each participant group for
and day and night. Results are presented separately for Locations 7 and 8 (Figure 6.2) because
daytime data were not collected at those two locations. Day/night differences are the focus of
Section 3.1.2 below.
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Figure 6.1A.9: Approaching traffic on the other side of
the road - day

Figure 6.1A: For each of the nine main hazard categories, mean numbers of comments per participant for each group at Locations 1-6, day only
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Figure 6.1B.4: Things in our lane ahead - night
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Figure 6.1B: For each of the nine main hazard categories, mean numbers of comments per participant for each group at Locations 1-6, night.only
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Figure 6.2: For each of the nine main hazard categories, mean numbers of comments per
participant for each group at Locations 7-8 – night time only.

Figure 6.2 shows the numbers of times (mean per participant) a hazard within each of these nine
categories was identified at Locations 7 and 8, separately for each participant. Since there was
no daytime video clip for Locations 7 and 8, Figure 6.2 shows only night-time results.

6.3.1.1. Differences between participant groups
The results in Figures 6.1 and 6.2 illustrate the considerable differences between the four
participant groups across the nine hazard categories. Looking separately at each of these
categories, the clearest pattern was apparent for ‘visibility issues’, where numbers were highest
for Group D in both figures, particularly at night in Figure 6.1.5. This suggests that more
experienced drivers have greater awareness of poor visibility as a source of risk. Easily the
largest topic within ‘visibility issues’ was ‘poor visibility’ (see Appendix 4), with 7 daytime
mentions and 68 mentions at night. The distribution of these 68 comments was consistent with
the distribution for ‘visibility issues’ overall, with mean comments per group as follows: A=0.94,
B=0.90, C=0.88, D=2.13.

A closer look at the content of the ‘poor visibility’ comments topic identified five sub-topics:
poor light levels in general; fog/rain; pedestrian hard to see; obstruction to vision; and sign X
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hard to read. As shown in Table 6.2, Group D participants made many more comments in all
except ‘sign X hard to read’. Most interestingly, Group D was much more over-represented
relative to Groups A and B for ‘pedestrian hard to see’; although raw numbers were low, group
differences were very large: 1, 3, 3, 12 for Groups A to D respectively. Taking account of? the
different numbers of participants in each group, D was over-represented relative to Groups A
and B by factors of 10 and 12 respectively, compared with the ratio of comments between
Group D and Groups A and B ranging from 1.3:1 to 3:1 for ‘poor light levels in general’, ‘fog/rain’
and ‘obstruction to vision’. These results suggest that as well as being more aware of poor
visibility overall, the more experienced drivers in Group D were much more likely to notice the
risk presented by inconspicuous pedestrians.

Mean number of comments per participant
‘Poor visibility’ Subtopics

Group A

Group B

Group C

Group D

poor light levels in general

0.41

0.24

0.38

0.73

fog/rain

0.29

0.48

0.25

0.60

pedestrian hard to see

0.06

0.05

0.25

0.60

obstruction to vision

0.12

0.14

0.00

0.20

sign X hard to read

0.06

0.00

0.00

0.07

Table 6.2: Mean numbers of comments per participant for each group for the five 'poor visibility'
sub-topics (night-time clips only).

The opposite trend was apparent for hazards categorised as ‘we should do X” (Figure 6.1.8);
Group D participants were less likely than Groups A and B to mention such hazards. The most
common hazard comments in this category focused on vehicle control: specifically, speed of
their ‘own’ vehicle (“we should slow down”), followed by comments relating to the position of
their vehicle on the road, suggesting a greater focus on vehicle control among the less
experienced drivers.

Comparing the results for night-time driving in Figure 6.2 (night-time only) with the night-time
results in Figures 6.1.1 – 6.1.9), the pattern of inter-group differences for each of the nine hazard
categories is similar. The largest difference between these two sets of results was for ‘road
geography’. At Locations 1-6 (Figures 6.1.1 – 6.1.9) Group D made the fewest number of
comments regarding hazards related to road geography, while at Locations 7-8 (Figure 6.2) they
made the most. This could be because such comments by Groups A and B mostly related to
traffic lights, which were not present at Locations 7 and 8. However, it might also be because
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less experienced drivers attend more consciously to static features of the environment, such as
traffic lights, rather than moving ones, as reported earlier by Soliday and Allen (1972).

The results above describe differences between participant groups in terms of numbers of
hazards mentioned within each of the main nine hazard categories. Differences between groups
were also investigated in terms of the most frequently mentioned specific hazard topics,
regardless of the main hazard category to which they belonged. Appendix 4 lists all the 106
hazard topics separately for day and night, grouped into the nine hazard categories, and
comment counts for Locations 1-6. Figure 6.3 shows results for Locations 1-6 (day and night
together) for each of the most frequently mentioned5 of these 106 topics, and Figure 6.4 shows
those most frequently mentioned for Locations 7 and 8 (night-time only).

Across all locations and hazard categories (Figures 6.3 and 6.4), specific topics related to
pedestrians were the most commonly identified. This was particularly noticeable at Locations 7
and 8 (Figure 6.4), where there were many more comments about ‘pedestrian crossing road in
front of us‘ than of any other hazard topic, reflecting the very different nature of these two
night-time locations compared with Locations 1-6 (see Section 2.1.2 above).

5

Hazards with a mean value of at least 0.5 comments per participant for at least one of the four groups.
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Figure 6.3: Mean numbers of comments per participant for each group (day and night together)
for the most frequently mentioned hazard topics at Locations 1 to 6.
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Figure 6.4: Mean numbers of comments per participant for each group (night only) for the most
frequently mentioned hazard topics at locations 7 and 8.

Within each of the most frequently mentioned hazard topics shown in Figures 6.3 (day and night
together) and 6-4 (night only), differences between participant groups were generally small in
absolute terms, with no consistent pattern across all topics. At Locations 1-6 Group D was more
likely than the other groups to mention ‘pedestrian crossing road in front of us’ and ‘pedestrians
standing on road near parked vehicle’, whereas at Locations 7-8 Groups A and B were more
likely to mention these. At the latter two night-time locations, traffic speeds were much lower
than at all other locations and there were larger numbers of pedestrians, often in more
conspicuous positions. To explore this issue further, results for Locations 7 and 8 (night only)
were examined separately. As shown in Table 6.3, Group A made many more comments about
pedestrians for Location 8 than they did for Location 7; differences between these two locations
followed a similar pattern but were substantially smaller for the other participant groups.
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Table 6.3: Mean numbers of comments about pedestrians for Locations 7 and 8, split by group.
Location

A

B

C

D

Location 7

1.59

3.00

1.56

2.60

Location 8

4.35

3.10

3.00

3.33

The clips for Locations 7 and 8 were ostensibly similar, both depicting traffic moving at walking
pace for much of their duration while pedestrians moved between and in front of vehicles
unpredictably and other vehicles moved into or across the path of travel with little warning.
However, pedestrians at Location 8 were much easier to see because this was in an undercover
carpark with better illumination than in the Location 7 clip, and vehicle speed in Location 8 was
also lower. The fact that pedestrians were mentioned more frequently as a possible hazard here
where they were more easily visible is not surprising, but the larger effect of higher visibility for
Group A suggests the most inexperienced drivers are the most affected by poor visibility, and/or
most advantaged by slow vehicle speed. This is particularly interesting given that, as reported
above, the most experienced drivers (Group D) were the most likely to identify ‘visibility issues’
overall as hazardous, including a greater likelihood of mentioning inconspicuous pedestrians.
This suggests that the young novices in Group A (who were most affected by poor visibility) were
less aware of poor visibility as a source of risk. Further research on this issue is needed.

Looking further at results for Locations 1-6 versus those for Locations 7-8 (in addition to the
time-of-day and pedestrian-related differences discussed above), at Locations 1-6 the more
experienced drivers in Group D mentioned the following specific hazards more often than both
Groups A and B:
•

rain;

•

parked vehicle on our side indicating to enter traffic;

•

large vehicle ahead blocking view of road;

•

vehicle in another lane may pull out in front of us; and

•

very tight bend.

The only topics mentioned more often by participants in both Groups A and B compared to
Group D were ‘road curves ahead sign’, and ‘bus near us has right of way’.

In contrast, at Locations 7-8 Groups A and/or B were more likely than Group D to mention seven
of the ten most frequently mentioned hazards shown in Figure 6.4. This is consistent with the
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better perception of pedestrian-related hazards by inexperienced drivers at these locations. The
much lower vehicle speeds at Locations 7-8 allowed participants more time to process the
available information, and it seems that this extra time was most beneficial to the most
inexperienced drivers.

6.3.1.2. Day versus Night
The key question here was whether there were day/night differences in the probability of some
types of hazard being mentioned. Figure 6.1 depicts the mean number of comments per
participant group, day and night separately, for each of the nine hazard categories (see Section
6.3.1.1 above). Data in those comparisons are for Locations 1-6 only since no day/night
comparisons could be made at Locations 7-8. Table 6.4 below shows the total number of
comments within of each of these nine hazard categories for day and night separately, along
with the ratios of day to night mean comment numbers for each group separately. Ratio values
above one indicate more comments in those hazard categories made during the day than at
night. In the last three hazard categories in this table, the numbers used to calculate ratio values
are very small so ratio differences between groups are unlikely to be reliable.

Table 6.4: Total number of comments, day and night separately, of the nine main hazard
categories for Locations 1 to 6, and day/night ratios of comments for each group separately.

Main hazard categories

Total
Comments
DAY NIGHT

Day/night ratios for each
group separately
A
B
C
D

Other vehicles (excludes those parked)

195

119

1.75

1.64

1.15

1.73

Things that impinge (or might impinge) on our lane

128

146

0.97

0.73

0.87

1.00

Road geography

141

84

1.50

1.29

2.00

2.93

Things in our lane ahead we could have to slow or stop for

65

105

0.38

1.03

0.33

0.52

Visibility issues

41

94

0.55

0.50

0.36

0.35

Pedestrians

69

65

1.07

0.96

1.14

1.17

Parked vehicles

22

34

0.58

0.78

1.50

0.45

We should do X

28

26

1.29

0.60

4.00

1.00

Approaching traffic on other side of the road

8

6

5.00

1.00

-*

0.33

* Both day and night values were zero.

Some of the apparent day/night differences in the table can be explained in terms of differences
in the content of the video clips. The more frequent comments about ‘visibility issues’ at night is
unsurprising given that street lighting provided illumination well below day-time levels, and
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visibility was further degraded by the suboptimal quality of the night-time video clips. The
resultant day/night difference in visibility could account for the greater number of ‘road
geography’ comments for the daytime clips, since many of these hazards were more difficult to
see in the night-time clips. Also, traffic volumes at Locations 1-6 were lower at night, which could
explain more frequent comments about ‘other vehicles’ in the daytime clips.

On the other hand, there were more parked vehicles in the daytime video clips than the nighttime ones, but they were mentioned more often at night. And there were many more night-time
comments regarding ‘things in our lane ahead we could have to slow or stop for’ and also more
‘things that impinge (or might impinge) on our lane’. These two categories are interesting
because the ‘things’ referred to were either other vehicles or pedestrians, and there were
almost twice as many specific instances of hazards of these two types in the six daytime video
clips compared with the six night-time ones, reflecting the overall lower volumes of both
vehicles and pedestrians at night.

It seems possible that the greater night-time focus on ‘things in our lane ahead …’, ‘things that
impinge …’ and ‘parked vehicles’ might be explained by a narrowing of participants’ visual search
field due to the poorer visibility at night, and/or cognitive narrowing due to the greater
perceptual difficulty of the task when visibility is poor, as has been shown to occur in driving
situations involving higher mental workload (Harbluk, Noy, Trbovich & Eizenman, 2007; Recarte
& Nunes, 2000). With perceptual and/or cognitive narrowing, attention would be more focused
at night on hazards on the road ahead or very close to it, which might well result in relatively
more comments about hazards in the above three categories.
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Table 6.5: Total number of comments, day and night separately, for the most frequently
mentioned hazard topics (lowest level of coding hierarchy) across all nine hazard categories for
Locations 1 to 6, and day/night ratios of comments per participant for each group separately.
Total
comments
Hazard topics
1. Pedestrian crossing in front of us
2. Pedestrians standing on road near parked vehicle
3. Slow-moving or braking vehicle(s) ahead
4. Vehicle entering road ahead from side street
5. ‘Road curves ahead’ sign
6. Intersection ahead, watch out for cars
7. Parked vehicle on our side indicating to enter traffic lane
8. Large vehicle ahead blocking view of road
9. Pedestrian on sidewalk who might step into road
10. Bus near us has right of way
11. Vehicle in another lane may pull into our lane ahead
12. Very tight bend

DAY
3
50
24
7
15
12
2
20
13
21
8
12

Day/night ratios for each
group separately
C
D
A
B

NIGHT
48
0.00** 0.07 0.00** 0.13
1
-*
16.00
-*
-*
19
1.00
2.14 0.00** 0.80
35
0.43
0.13 0.00** 0.29
13
0.67
1.29
2.00 1.00
15
0.67
0.88
1.00 0.67
24
0.20 0.00** 0.00** 0.13
5
-*
-*
1.00 4.00
10
5.00
0.83
0.50 2.00
0
-*
-*
-*
-*
13
0.50
0.80
-*
0.50
6
1.50 0.00** 1.00 4.00
* Both day and night values were zero
** Day value was zero

To look further at day/night differences, data were also investigated in terms of the most
frequently mentioned specific hazard topics, regardless of which of the previously reported nine
categories they fell within. Table 6.5 shows the 12 most frequently mentioned topics, illustrating
that at this lowest level of the coding hierarchy, there were low counts for the total numbers of
comments for all topics.6

The unequal incidence of these hazards across daytime and night-time video clips means that
day/night differences in the frequency of comments on these topics are not a particularly useful
measure. For example, one particular clip (Location 6 at night) accounted for most of the
comments coded as ‘pedestrian crossing in front of us’. The unequal numbers of comments for
day and night about ‘pedestrians standing on road near parked vehicle’ (3 day, 48 night), ‘parked
vehicle on our side indicating to enter traffic lane’ (2 day, 24 night), and ‘bus near us has right of
way’ (21 day, 0 night) are likely to have similar explanations.

Only the 2 of these 12 hazards listed in Table 6.5 that fall within the ‘road geography’ category
had similar numbers of comments within pairs of day and night video clips: ‘”road curves ahead”
sign’ (15 day, 13 night), and ‘intersection ahead, watch out for cars’ (12 day, 15 night). The total

6

Inclusion criterion: at least 0.5 comments per participant in at least one of the four participant groups.
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numbers of comments for each of these hazard topics were quite small (less than 30 comments)
so only very large day/night differences would have been apparent.

6.3.2. How often did participants pause the video clips?
Analysis here focuses on the numbers of occasions on which the participant paused the video
clip, having identified a potentially hazardous situation where one or more specific hazards were
then mentioned. Based on the literature reviewed in Chapter 2 Section 2.4, it was anticipated
that less-experienced drivers would notice fewer such hazards and so pause the clips less
frequently.
3

2

Group A
Group B
Group C

1

Group D

0
1

2

3

4

5

6

Figure 6.5: Mean numbers of pauses per participant, separately for each group, for the six
daytime video clips (Locations 1-6).

Figure 6.5 shows results (mean number of pauses per participant) for each of the six daytime
clips, for each of the four participant groups. For most daytime clips the video was paused
around once on average, except for Location 2 where the average was around 0.5. The daytime
video at Location 2 was the least complex of the six.

Differences in pause numbers between participant groups were not substantial, except at
Location 5 where Group A had an average of 2.6 pauses. This was the most complex daytime clip
with high traffic levels and a visually more complex scenario (see Section 2.1.2 above). Despite
Group A’s higher number of pauses at Location 5, they actually mentioned the fewest hazards;
the mean numbers of hazards mentioned per participant for Groups A to D respectively were:
2.6, 5.7, 4.0, and 5.4. Clearly, a greater number of pauses did not indicate awareness of a greater
number of hazards. The learner drivers in Group A may have paused the clip more frequently
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because they required more time to process the large amount of available information with
which they were confronted, whereas those in other groups with more highly developed mental
models were able to more rapidly comprehend and process the information faster, as suggested
by Crundall and Underwood’s (1998) findings that showed decreased duration of eye fixations
for more experienced drivers (but not novices) in demanding driving situations.

Figure 6.6 shows results for the eight night-time clips. Comparing the frequency of night-time
pauses at Locations 1-6 with the daytime ones (Fig. 6.5 versus Fig. 6.6), it can be seen that there
were fewer night-time pauses at Locations 1-3, similar numbers at Locations 4-5 (except for the
very high number of Group A day-time pauses) and more night-time pauses at Location 6. At
Locations 7-8, the numbers of night-time pauses were very much higher than at the other six
locations. This pattern of results reflects differences in the complexity of the road traffic
scenarios presented in these clips (see Section 2.1.2 above).

8
7
6
5

Group A

4

Group B

3

Group C

2

Group D

1
0
1

2

3

4

5

6

7

8

Figure 6.6: Mean numbers of pauses per participant, separately for each group, for the eight
night-time video clips (Locations 1-8).

6.3.3. Reaction times to a subset of hazards
Results in this section relate to participants’ reaction time: the duration between initial
appearance of a specific hazardous situation in the video clip and the point at which the
participant paused the video clip having identified it. Based on the literature reviewed in Chapter
2, Section 2.4.1 (e.g. Quimby & Watts, 1981; McKenna & Crick, 1991), it was anticipated that
inexperienced drivers would be slower to react than more experienced ones.
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In order to measure reaction times to specific hazards, the hazards that were most frequently
given as reasons for pausing the video clip were identified, and this set was sorted to identify
those: (a) where the potential hazard had a clearly identifiable, discrete start time (such as a
pedestrian stepping out in front of the car, or a specific obstacle on or near the road); and (b)
where there were not multiple occurrences of similar hazards close together in the clip which
could create ambiguity regarding the specific hazard to which a given pause related. Using these
criteria, this process identified only five hazards for use in reaction time comparisons. It was not
possible to investigate day/night differences in reaction times to the same hazard since none of
the selected hazards occurred in both day and night versions of any of the paired clips.

The five hazards selected were:
•

“Pedestrians standing on the road near parked vehicle”: Location 1 day (26 pauses)

•

“Pedestrians standing on the road near parked vehicle”: Location 2 day (19 pauses)

•

“Vehicle entering road ahead of us from side street or driveway”: Location 5 night (36
pauses)

•

“Pedestrian crossing in front of us”: Location 6 night (47 pauses)

•

“Parked vehicle on our side indicating to enter road”: Location 6 night (23 pauses).

600
500
400
300
200

Group A

100

Group B

0

Group C
Location 1
Day:
pedestrian
standing on
road near
parked
vehicle

Location 2
Location 5
Location 6
Location 6
Day:
Night: vehicle
Night:
night: parked
pedestrian entering road pedestrian
vehicle
standing on ahead of us crossing in indicating to
road near
from
front of our enter road
parked
driveway
vehicle
vehicle

Figure 6.7: Mean reaction times, divided by hazard and group.
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Group D

Mean reaction times of the four participant groups for each of these five hazards are shown in
Figure 6.7. Clearly these results do not indicate any kind of relationship between level of driver
experience and reaction time to specific hazards. However, due to the very small sample of
hazards for which reactions times were available for analysis (n= 5), this finding is inconclusive.
Given that Kinnear, Kelly, Stradling and Thomson (2013) found greater anticipatory skin
conductance responses for experienced drivers than for novices as they watched hazards
develop in videoclips of traffic situations (thus showing evidence of hazard anticipation learning),
a task focusing more specifically on hazard reaction times might have produced a similar
experience-based difference if used instead in the present case.

6.4. General Discussion and Conclusions
Young drivers’ awareness of potential hazards was investigated by analysing their responses to a
randomly ordered series of 14 video clips recorded at eight different road locations – six during
the day and eight at night (i.e. six matched day/night pairs plus two additional night clips). Their
task was to pause the video clip each time they identified a potential hazard or hazardous
situation and explain what they had noticed; their explanations were then tape-recorded and
analysed. Participants were the same set of individuals who performed the Study 1 commentary
task reported in Chapter 5, comprising four groups varying in age and/or driving experience.

Performance of this task was investigated in terms of: the recorded content of their
explanations; the number of times they paused the video clip; and, for a small subset of hazards
with clear onset points, their response times in pausing the clip. For the reasons explained in the
previous study, results from Group C have been reported but not considered when interpreting
and discussing results. Data analysis investigated both possible differences associated with
participant groups, and between day/night conditions.

6.4.1. Differences between participant groups in the kinds of hazards mentioned
Analyses of the content of participants recorded explanations identified 106 specific hazard
topics, which were then grouped into 9 main hazard categories. In order from the most
frequently mentioned, these categories were: other vehicles; things that impinge (or might
impinge) on our lane; road geography; things in our lane that we could have to slow or stop for;
visibility issues; pedestrians; parked vehicles; we should do X; and approaching traffic on other
side of road.
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The clearest difference between hazards identified by the four participant groups was for
‘visibility issues’, which were mentioned markedly more often by the more experienced drivers
in Group D than by the two younger and less experienced drivers in Groups A and B. The largest
sub-topic within ‘visibility issues’ was ‘poor visibility’, suggesting that more experienced drivers
have greater awareness of poor visibility as a source of risk. Further investigation of the kinds of
hazards mentioned within ‘poor visibility’ identified that Group D was particularly overrepresented relative to Groups A and B in the sub-topic ‘pedestrian hard to see’. It seems that
awareness of poor visibility as a source of risk requires considerable driving experience, and that
this is particularly relevant in relation to risk presented by inconspicuous pedestrians.

Results for the ‘pedestrians’ main hazard category were consistent with the above results for
‘visibility issues’ at Locations 1-6, but not at Locations 7-8. At these latter two locations, Groups
A and B were slightly more likely to mention pedestrian-related hazards than were Group D, and
it was noted that these two night-time locations differed from Locations 1-6 in that vehicle
speeds were lower (particularly at Location 8), and pedestrians were more conspicuous; further,
lighting levels were much better at Location 8 than at Location 7. Analyses of comments about
pedestrians between these two night-time locations found that all four groups mentioned
pedestrians more often at Location 8 than at 7, but this difference was greatest for the most
inexperienced drivers in Group A. It was suggested that this might be because the combination
of better quality visual information and lower speeds reduced information processing demands,
which appeared to be most beneficial to the most inexperienced drivers. This finding may be
novel. A study by Konstantopoulos, Crundall and Chapman (2010) investigating driver visual
search patterns as a function of visibility and driving experience addressed a similar issue from a
different perspective. Their results did not directly support this result as they found no
experience effect for poor visibility conditions. However, it should be noted that they did not
investigate the effect of varying vehicle speed on visual performance, or mention the presence
of pedestrians in the (simulated) driving environment used during that study.

This lack of awareness of poor visibility issues, particularly inconspicuous pedestrians, makes
novice drivers more vulnerable in low-light and visually challenging situations, and may
contribute to their higher crash risk when driving during the night. This finding supports work by
Borowsky, Shinar and Oron-Gilad (2010), who found that novice drivers were less likely than
experienced drivers to recognize potential hazards. A subsequent study by Borowsky and Oron166

Gilad (2013) concluded that awareness of hidden hazards is a skill that develops with driving
experience. (See Chapter 2, Section 2.4.1).

Two instances were found where experienced drivers were less likely to comment than
inexperienced ones. First, hazards categorised as ‘we should do X” were mentioned less by
Group D participants than by those in Groups A and B, and the most common focus of these was
vehicle control related to speed and position on the road. This greater focus on vehicle control
among the less experienced drivers is consistent with findings from the commentary task
(Chapter 5) that novice drivers were more focused on car control and manoeuvring than other
drivers. Second, there was some evidence suggesting that less experienced drivers attend more
consciously to static features of the road environment, consistent with Soliday and Allen’s (1972)
finding that less experienced drivers tend to focus their attention more on static hazards than
moving ones (see Chapter 2, Section 2.4.1; Chapter 5, Sections 5.1.1 and 5.3.4.3).

6.4.2. Differences in hazard perception between day and night
There were many differences between day and night in patterns of hazard reporting, but most of
these differences were explicable simply in terms of differences in content of the video clips –
differences arising from the generally poorer visibility at night and from the generally lower
volumes of both vehicles and pedestrians. However, numbers of comments in three of the nine
main hazard categories were higher at night than would be expected based simply on the
content of the video clips. These three categories were: ‘things in our lane ahead we could have
to slow or stop for’, ‘things that impinge (or might impinge) on our lane’, and ‘parked vehicles’.

These results might be explained by a narrowing of participants’ visual search field due to the
poorer visibility at night, and/or cognitive narrowing due to the greater perceptual difficulty of
the task when visibility is poor. With perceptual and/or cognitive narrowing, attention would be
more focused at night on hazards on the road ahead or very close to it, which might well result
in relatively more comments about hazards in these three categories. This would be consistent
with evidence that during night-time driving, “horizontal visual exploration behaviour” is
reduced (Crundall, Shenton & Underwood, 2004). It is also consistent with evidence that when
workload is higher (i.e. in terms of Fuller’s (2005) model, task demands are high relative to driver
capability; see Chapter 2, Section 2.4.2), drivers tend to neglect peripheral areas of their visual
field (Harbluk, Noy, Trbovich & Eizenman, 2007; Recarte & Nunes, 2000). Consistent with such
evidence, Urwyler and colleagues (2015) found that older drivers (65-78 years) performing a
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simulated driving task under both day and night conditions focused more on central parts of
their visual field than did younger drivers (25-40 years) and suggested that this could be due to
the older ones experiencing a higher workload due to ageing-related reductions in their driving
capability.

6.4.3. Other measures of hazard perception
Participants’ hazard perception performance was also measured in terms of the number of times
they paused the video clips having noticed one or more hazards. It was anticipated that lessexperienced drivers might pause the clips less often, due to poorer hazard perception ability.
However, the findings did not support this expectation.

In fact, the learner drivers in Group A paused the video clips more frequently than did other
participants, but at the same time they mentioned the fewest actual hazards when they did so.
For Locations 7 and 8, where the traffic was substantially more congested and unpredictable in
its movements than other locations, all participants paused the video clips much more
frequently than for Locations 1-6; however, the pattern of inexperienced drivers pausing more
often than experienced ones was also shown here, with Group A and B participants pausing
these clips more frequently than Groups C and D participants. It seems that the learner drivers in
Group A may have paused the clip more frequently because they needed more time to process
the large amount of available information confronting them, whereas those with more highly
developed mental models were able to comprehend the information faster based on their better
developed mental models (Crundall and Underwood, 1998).

These findings are interesting when considered alongside the finding that novice drivers
appeared to have better perception of pedestrian-related hazards when the viewpoint vehicle
was moving more slowly. The additional time required by inexperienced drivers to process what
they were seeing is a clear demonstration of the more effortful and time-consuming nature of
performance at the lower levels of skilled performance, as described by Rasmussen (1993; see
also Chapter 2, Section 2.2.1).

Finally, hazard perception was also measured in terms of participants’ reaction times to a small
subset of five hazards, selected on the basis that each of them had a clearly identifiable start
time (at which to start timing) and there were not multiple occurrences of similar hazards close
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together at that point. There was no evidence of any relationship between level of driver
experience (or age) and reaction time, but due to the very small sample there is little that can be
concluded from this finding.
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7.1. Introduction and Research Questions
As discussed in Chapter 2, Section 2.4.2, research on drivers’ risk perception has been measured
in various ways, ranging from largely cognitive assessments of the actual probability of a crash
through ratings of the feeling or affective experience of risk, to physiological indices such as skin
conductance responses (Slovic & Peters, 2006; Kinnear, Stradling & McVey, 2008; Kinnear, Kelly,
Stradling & Thomson, 2013). In the current project participants were instructed to rate their
feelings of risk, which would be expected to reflect affective experience but perhaps also with
some cognitive influence.

Previous research investigating the relationship between drivers’ perceptions of ‘risk’ and
‘difficulty’ has mostly manipulated levels of these two constructs by varying vehicle speed with
little variation in numbers and behaviours of other road users. In the present research, the
stimulus material was selected to encompass a wide variation in road types and in the numbers
and actions of other road users (both vehicles and pedestrians), as well as variation in lighting
and ambient environmental conditions with both daytime and night-time driving scenarios. (See
Chapter 6, Section 2.1.2).
171

Research questions of particular interest in this study were:
1: What is the relationship between perceived risk and difficulty ratings? Do differences between
participants in their driving experience or age affect their perceptions of risk and
difficulty, or the relationship between perceived risk and difficulty?
2: How do aspects of the road-traffic scenarios depicted in the stimulus material, including day
versus night conditions (‘time’) and other differences between video clips (‘location’),
affect risk and difficulty ratings? Do such effects vary with participant age or level of
driving experience (‘group’)?

7.2. Method
7.2.1. Risk and difficulty rating procedures
A set of 14 video clips was used for both the risk and difficulty rating tasks – the same video clips
used for the hazard perception task reported in Chapter 6 (see Chapter 6, Sections 2.1.1 and
2.1.2 for details). The hazard perception task was always performed prior to the risk and
difficulty ratings tasks. The order of presentation of the two rating tasks was balanced over
participants within each group. Within each of the two rating tasks there was a different random
order of the video clips for each participant. These were the same participants as in the previous
two studies.

The video clips for each task were displayed to participants on a Dell laptop. Each participant’s
task was to indicate their perceived levels of either risk or difficulty (depending on which task it
was). They did this by continuously adjusting the position of a ‘slider’ on a custom-built device
(Figure 7.1) similar to that used by Pelz and Krupat (1974) and Kinnear and colleagues (2013).
This device provided audio feedback in the form of a tone varying in pitch as the slider moved up
or down. (Further details are in Sections 2.1.1 and 2.1.2 below.)
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Figure 7.1: Slider used to provide continuous ratings of risk and of difficulty (separately).

7.2.1.1. Risk Perception Task Instructions
Participants were given the following instructions:
“This task investigates how drivers see the ‘riskiness’ of different driving situations.
Riskiness depends on two things: how likely an accident is, and on how bad the accident
would be.
You will be shown a series of driving situations filmed from a driver’s-eye view.
Pretending that you are the driver, your task is to watch carefully and show how risky
you feel your driving task is, by moving this slider up or down. When the slider is at the
bottom, that means no risk at all. The top position means maximum riskiness. We’re
interested in what you feel the risk is, rather than in a logical calculation or judgement.

At the start of each video clip the slider will always be at the bottom, so as soon as the
video starts playing you have to move the slider to a position showing how risky you feel
driving is at that moment, and then continuously adjust the position up or down to show
the changing levels of riskiness as you feel it.

To help you remember where the slider is, it makes a continuous sound which becomes
higher pitched as the slider moves upward, showing your feeling that risk is higher; and
it becomes lower (deeper) as the slider moves down, showing that you feel risk is lower.
Also, please use one finger to control the slider, as moving it up and down with a twofinger “pinch” grip can produce erratic results.”
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7.2.1.2. Difficulty Perception Task Instructions
Participants were given the following instructions:
“You will be shown a series of driving situations filmed from a driver’s-eye view.
Pretending that you are the driver, your task is to watch carefully and show how easy or
difficult your driving task is by moving this slider up or down. Think of “difficulty” as
anything that would cause you – the driver – to concentrate harder. When the slider is
at the bottom, that means no difficulty at all – no real attention or concentration are
needed to drive safely in this situation. The top position means maximum difficulty – the
maximum possible attention and concentration are needed for safe driving in this
situation.

At the start of each video clip the slider will always be at the bottom, so as soon as the
video starts playing you have to move the slider to a position showing how difficult
driving is at that moment, and then continuously adjust the position up or down to show
the changing levels of driving difficulty.

To help you remember where the slider is, it makes a continuous sound which becomes
higher pitched as the slider moves up, showing that driving is more difficult; and it
becomes lower (deeper) as the slider moves down, showing that driving is easier. Also,
please use one finger to control the slider, as moving it up and down with a two-finger
“pinch” grip can produce erratic results.”

7.2.2. Participants
There were 62 participants, comprising 27 females and 34 males. They were recruited based on
their age and driving experience to create four groups, as shown in Table 7.1:

Table 7.1: Participant groups by age and driving experience.
Group

Number of participants

Age range in years (median Mean time post licensing driving

(f/m)

age in years.months)

experience in years.months

A

17 (7/10)

16 – 20 (18.6)*

0

B

21 (9/12)

17-20 (18.6)

0.11

C

9 (4/5)

20-24 (23.7)

5.6

D

15 (8/7)

25-30 (28.6)

10.6

* All Group A participants except one had a learner’s permit, and all except two were aged between 16
and 20 years. See Chapter 3, Section 3.2.2. for more details.
174

7.3. Data Analysis
SPSS (v.24) software was used to calculate mean values for each video clip for risk and difficulty
ratings of each participant individually. These sets of 62 individual participant means (14 per
participant for each of risk and difficulty – one of each per video clip) were then combined in
various ways as required to calculate descriptive and inferential statistics addressing the
research question.

Research Question 1.
To address the first research question (“What is the relationship between perceived risk and
difficulty ratings? Do differences between participants in their driving experience or age affect
their perceptions of risk and difficulty, or the relationship between perceived risk and difficulty?”)
results from the risk and difficulty rating tasks were compared by performing the following
analyses:

Correlations (Pearson’s r). The sets of individual participant rating values described above were
averaged across video clips to produce two ‘grand mean’ ratings for each participant – one for
risk and one for difficulty. Correlations between risk and difficulty were then calculated for each
of the four participant groups separately, and in combination using Pearson’s r.

The participant groups differed in age as well as driving experience, but there were some
overlaps in age between groups (particularly Groups A and B – see Section 2.2 above). To look
more specifically at the effects of participant age, regardless of group membership, individual
grand means were separated into age-based halves and quartiles, and correlations between risk
and difficulty ratings calculated separately within each of these age-based sub-groups.
Correlations were also calculated between each participant’s age and their ratings of risk and
difficulty separately.

Rasch model analysis was then used to further investigate the data from a different perspective,
particularly to determine whether the data were better fitted by a model with one or two
dimensions. The model used was a multifaceted version as implemented in ConQuest software
(Wu, Adams and Wilson, 1996). The ConQuest software produces estimates of all terms and
elements in a common metric (logits) and a variety of commonly used fit statistics. This analysis
was performed in collaboration with an expert in this technique (Peter Congdon); full details of
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the model analysis are in Appendix 5. This kind of analysis is a hierarchical form of the
Generalised Linear Model (Muckle & Karabatsos, 2009), and it was used here to model
participant ratings in terms of the trade-off between personal ‘capability’ (represented by their
group membership) and ‘item difficulty’ (represented in this case by the driving task demands
and risk sources presented by the 14 video clips). This analysis enabled investigation of the
dimensionality of the concept(s) assumed to underpin participants’ ratings, as well as differences
between participant groups.

To allow inclusion of day/night effects, ratings of the two ‘night time only’ video clips at
Locations 7 and 8 were excluded. The terms modelled were:
•

personal capability

•

time (day or night)

•

scenario characteristics (driving task demands and sources of risk in video clips).

•

a rating scale made up of four ordered steps representing increasing scores on the
underlying difficulty/risk dimension(s). It was intended that the structure of the
rating scale remain constant across these terms.

First, a unidimensional model was applied to individual ratings for each of the twelve video clips;
this model assumed a single latent trait underlying both risk and difficulty ratings, consistent
with the suggestion of Fuller, McHugh and Pender (2008) that ratings of risk and difficulty are
“virtually substitutable for each other”. A two-dimensional model, representing the hypothesis
that two separate constructs underpin risk and difficulty ratings, was then applied to the same
ratings data, and these results compared with those from the unidimensional model analysis.

Using the two-dimensional model (since this was found to fit the data better), individual ‘person’
measures were generated to investigate differences between participant groups. With only 12
observations per scale dimension per participant, any single score for a participant would
contain a large error component and therefore have low reliability. To overcome this limitation,
plausible values (PVs) were used instead. A sample of five PVs was taken from the range of
possible measures for each participant on each of the two dimensions. These were used to
generate a single value for each participant on each dimension in the form of an expected-aposteriori (EAP) estimate, and boxplots of EAP values were produced for each group on each
dimension. Participant group differences in EAP estimates were investigated via one-way
analysis of variance for each dimension separately (see Appendix 5).
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Research Question 2.
To address the second research question (“How do aspects of the road-traffic scenarios depicted
in the stimulus material, including day versus night conditions (‘time’) and other differences
between video clips (‘location’), affect risk and difficulty ratings? Do such effects vary with
participant age or level of driving experience (‘group’)?”) the following analysis was performed:

Individual participant mean ratings were analysed for the 12 video clips that comprised 6 daynight pairs (pairs matched for location but not for traffic conditions). The general linear model
(ANOVA) was used to perform repeated-measures analyses of variance for risk and difficulty
ratings separately, with group (A, B, C, D) as the between-subjects factor and both time (day,
night) and location (1 to 6) as repeated factors. These analyses included post-hoc tests of
differences between locations, using the Sidak correction to control for familywise error rates in
the post-hoc tests and were selected to prevent the loss of power associated with using
Bonferroni corrections (Field, 2009). The data for the two locations (7, 8) with only night-time
clips were investigated separately.

7.4. Results & Discussion
7.4.1. Research Question 1.
What is the relationship between perceived risk and difficulty ratings? Do differences between
participants in their driving experience or age affect their perceptions of risk and difficulty, or
the relationship between the two?

7.4.1.1. How closely related were ratings of perceived risk and perceived difficulty?
Correlations (Pearson’s r) between risk and difficulty for each of the four participant groups are
shown in Table 7.2. For all four groups together, the correlation was 0.732 (p = .000). As in the
previous two chapters, results for Group C are reported but given no weight in drawing
conclusions because of the anomalous nature of the Group C participants. When Group C was
excluded, the overall correlation between risk and difficulty ratings was 0.803.
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Table 7.2: Correlations (Pearson's r) between risk and difficulty ratings (individual participant
means across all clips) for each group separately.
Group A
r = .875, p = .000

Group B
r =.651, p = .001

Group C
r= .130, p =.758

Group D
r=.844, p = .000

Based on the results in Table 7.2, it did not appear that driving experience or age affected the
relationship between risk and difficulty. Confirming this finding, the correlation between risk and
difficulty for participants below the median age of 19 years 9 months was 0.767 (p = .000), and
for those above the median it was 0.716 (p = .000). For those in the youngest quartile (below 18
years) compared with the oldest quartile (25 years and older), Pearson’s r values were 0.865 and
0.838 respectively (p = .000 in both cases).

Correlations between risk and difficulty were also calculated separately for each of the eight
video clips, and these results are shown in Figure 7.2. Correlations varied quite widely, from
below 0.5 for the night-time clip at Location 2, up to 0.8 for the day-time clip at Location 3.
Differences between different locations are investigated in relation to Research Question 2,
below.
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Figure 7.2: Correlations between risk and difficulty ratings for each of the 14 video clips
separately (all groups together).

Results from the Rasch model analysis showed that the two-dimensional model was a better fit
to the data, demonstrating that difficulty and risk were sufficiently different to be considered as
separate scales. The disattenuated correlation coefficient between the two dimensions of this
model (representing their correlation if measured without measurement imprecision), was
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calculated to be 0.77, which is consistent with the Pearson’s r value of 0.73 found by simple
correlation of risk and difficulty ratings (all groups together).

These correlations do not approach the overall value of 0.97 found by Fuller and colleagues
(2008), and the Rasch model analysis confirmed that ‘risk’ and ‘difficulty’ cannot be considered
as virtually a single scale, consistent with Groeger and Chapman’s (1996) Principle Components
Analysis (PCA) which identified separate factors underlying responses to their JOTS survey, the
two largest of which they labelled ‘danger’ and ‘difficulty’.

The overall correlation between risk and difficulty ratings found here is within the range
reported by Kinnear and colleagues (2008), as well as the lack of significant variation in this
relationship associated with participants’ age or driving experience. Variation in the
risk/difficulty relationship with participants’ age and/or driving experience was reported by
Groeger and Chapman (1996), but in their study the correlation was between PCA factors,
labelled as ‘danger’ (similar to risk) and ‘difficulty’, rather than direct ratings of risk and difficulty
as used here and by other researchers, so these correlations are not directly comparable.

7.4.1.2. Did ratings vary with participants’ level of driving experience or age?
Figure 7.3 shows overall mean values of risk and difficulty ratings for each group; Figures 7.4 and
7.5 show boxplots of EAP values for each of the two dimensions identified by Rasch model
analysis.
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Figure 7.3: Overall means of risk and difficulty ratings, separately for each group
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Comparing the EAP estimates for Dimensions 1 and 2, in Figures 7.4 and 7.5 respectively, with
the mean risk and difficulty ratings in Figure 7.3, it appears that Dimension 1 in the Rasch
analysis represents risk and Dimension 2 represents difficulty.

Results from one-way analysis of variance of EAP values (see Appendix 5, p. 24) for each
dimension found no significant difference between the groups for either of the two dimensions,
although it should be noted that numbers of subjects per group were small for this type of
analysis. The absence of a significant difference between groups in risk or difficulty ratings was
confirmed as part of the repeated measures analyses of variance performed to investigate
Research Question 2, below.

Figure 7.4: Distribution of EAP measures of participant performance on Dimension 1 (risk) by
group.
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Figure 7.5: Distribution of EAP measures of participant performance on Dimension 2 (difficulty)
by group.

Correlations between each participant’s age and their ratings were found to be 0.08 for risk and
-0.06 for difficulty, results which are consistent with the absence of differences between groups.

There is evidence from past research that young novice drivers, particularly males, tend to
underestimate risk (Rosenbloom, Shahar, Elharar & Danino, 2008; see also Chapter 2, Section
4.3). However, that research was predominantly in the context of driving skill ‘calibration’, which
measures drivers’ assessments of their own risk of crash involvement in relation to assessments
of the crash risk of other categories of driver (Finn & Bragg, 1986; Lerner & Rabinovich, 1997).
Ratings specifically of crash risk might be more cognitively oriented than the feeling-based
ratings used in this project. Lerner and Rabinovich (1997) used a similar measure of risk to the
present one, and they found no significant difference between drivers aged 16-17 years and
those aged 25-47 years. Similarly, Kinnear and colleagues (2013), found that continuous ratings
of risk (with participants using a ‘slider’ response box similar to that in the present study) did not
vary significantly between three groups: learners, inexperienced drivers (less than 3 years postlicensing), and experienced drivers (more than 3 years post-licensing), all within the age range
18-31 years. Kinnear and colleagues (2013) referred to their risk ratings as ‘cognitive’, in contrast
to and separate from the physiological measures that they also used. Their slider response box
scale was labelled ‘safe’ at one end and ‘hazardous’ at the other, but no information concerning
instructions to subjects was provided, so the extent to which ratings were cognitive assessments
versus ratings of affective experience is unclear.
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Novice drivers have been clearly identified as having poorer hazard perception skills (see
Chapter 2, Section 4.1), and young males in particular tend to over-estimate their own driving
skill relative to that of peers and/or older drivers (see Chapter 2, Section 4.3). On this basis, they
would be expected to perceive the risk of road traffic scenarios as less than might more
experienced drivers; they might also perceive difficulty as lower since they would be less aware
of sources of difficulty (and associated risk). On the other hand, in terms of the SRK model
(Chapter 2, Section 2.1) young novices’ driving skills are less well developed and therefore less
automatised, which increases the required level of mental effort. On this basis, they would be
expected to perceive both difficulty and risk as higher than more experienced drivers. In accord
with this concept, Charlton and Starkey (2011) found that increasing expertise and performance
automatisation during extended simulator driving of a 24km route resulted in progressively
lower ratings of task difficulty as performance became progressively more automatised, or in
their terms, ‘proceduralised’.

In the present case, the absence of significant differences between inexperienced and more
experienced participants in perceived difficulty and risk might indicate that these two sets of
factors neutralised each other. The balance between them would therefore be expected to vary,
depending on the nature of the hazards (sources of risk) in the road traffic scenarios presented.
Consistent with this, Bragg and Finn (1982, as cited by Matthews & Moran, 1986) found that
young novices (18-24 years) reported higher risk for some driving situations and lower risk for
others, compared with risk ratings of older drivers (38-50 years). These possible differences
between different road-traffic scenarios are the topic of Research Question 2.

7.4.2. Research Question 2.
How do aspects of the road-traffic scenarios depicted in the stimulus material, including day
versus night conditions (‘time’) and other differences between video clips (‘location’), affect
risk and difficulty ratings? Do such effects vary with participant driving experience (‘group’)?
The results of the analysis of variance conducted to address Research Question 2 are presented
in this section. Figure 7.6 depicts mean risk and difficulty ratings separately for day and night
within each group (data from Locations 1 to 6 combined). Figure 7.7 shows mean risk and
difficulty ratings separately for each of the eight locations (when all groups were combined);
within each of the six locations where both day and night data were available, results from day
and night data are shown separately.
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Figure 7.6: Mean risk and difficulty ratings for each group, separately for day and night
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Figure 7.7: Mean risk and difficulty ratings for each video clip location, separately for day and
night (all groups combined).

Figures 7.8 and 7.9 show distributions of risk and difficulty ratings across locations, separately
within each of the four participant groups.
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Figure 7.8: Mean risk ratings separately by the 4 groups and 14 video clips
It appears from these results that while both risk and difficulty ratings varied little if at all
between groups, there were substantial differences between day and night, with both being
higher at night. There also appeared to be substantial differences between some of the
locations. Ratings for both risk and difficulty were highest for Location 4 in both day and night,
followed by Locations 7 and 8 (both night data only). To investigate the statistical significance of
differences in ratings between group, day and night, and Locations 1 to 6, repeated-measures
analyses of variance were performed separately for risk and difficulty ratings, as described in
Section 3 above.

Data were not normally distributed, having a strong positive skew and a tendency toward
unequal variances between groups for many of the clips. Analysis of variance is largely robust to
many violations of assumptions, but unequal group sizes can have unpredictable effects on the
power and accuracy of the F statistic (Field, 2009). In view of this possibility, analyses were
repeated with the data re-structured to form three more equally sized groups (Groups C and D
were combined). As substantial differences in results were found for three versus four groups,
results are reported below from the analyses with four groups. Key results are shown in tables 73 and 7-4, for risk and difficulty respectively.
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Figure 7.9: Mean difficulty ratings separately by the 4 groups and 14 video clips

Table 7.3: Results from analysis of variance with time and location repeatedly for mean risk and
difficulty ratings separately.
Task

Comparison

df

F

p

risk

time

1, 57

23.599

.000

group

3, 57

1.814

.155

time * group

3, 57

0.557

.646

location

5, 285

49.617

.000

location * group

15, 285

0.304

.995

time * location

5, 285

18.920

.000

time * location * group

15, 285

0.951

.507

time

1, 58

49.765

.000

group

3, 58

0.071

.975

time * group

3, 58

0.474

.702

location

5, 290

55.425

.000

location * group

15, 290

1.174

.291

time * location

5, 290

18.555

.000

time * location * group

15, 290

1.210

.263

difficulty
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Group. It was expected, based on evidence identified in relation to Research Question 1 above,
that that there would be no significant group differences for either risk or difficulty ratings. This
was confirmed by ANOVA results (Table 7.3); group did not interact significantly with any other
factor.

Time: Day versus Night. As shown in Figures 7.6 to 7.9, both risk and difficulty ratings results
were higher for the night-time clips than the day-time ones, and ANOVA results in Table 7.3
demonstrate that day-night differences were highly significant for both ratings.

Location, and its interaction with time. As shown in Figure 7.7 and noted above, ratings of both
risk and difficulty were highest for Location 4, both day and night, followed by Locations 7 and 8
(both night data only). ANOVA results for Locations 1-6 showed that the effects of location were
highly significant for both ratings (Table 7.3), and post-hoc test results (Tables 7.4 and 7.5)
confirmed that risk and difficulty ratings at Location 4 were significantly higher than all other
locations. Sidak corrections were used to take account of multiple comparisons. Location 4 was
an undivided, two-way road twisting through hilly country (limiting sight distance ahead in many
places), with a rock face on one side and a steep drop on the other; there were no intersections
and no other road users present.
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Table 7.4: Sidak corrected pairwise comparisons for mean risk ratings by location.
Comparison 1
(location)

Comparison 2
(location)

1

2
3
4
5
6
1
3
4
5
6
1
2
4
5
6
1
2
3
5
6
1
2
3
4
6
1
2
3
4
5

2

3

4

5

6

Mean diff.

Std. Error

-1.483
-3.030*
-16.520*
-2.458
-2.401*
1.483
-1.548
-15.038*
-.975
-.918
3.030*
1.548
-13.490*
.573
.630
16.520*
15.038*
13.490*
14.063*
14.119*
2.458
.975
-.573
-14.063*
.057
2.401*
.918
-.630
-14.119*
-.057

.655
.795
1.869
.869
.719
.655
.753
1.804
.906
.752
.795
.753
1.696
.942
.711
1.869
1.804
1.696
1.776
1.794
.869
.906
.942
1.776
.790
.719
.752
.711
1.794
.790
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p
.340
.005
.000
.093
.022
.340
.493
.000
.994
.979
.005
.493
.000
1.000
.999
.000
.000
.000
.000
.000
.093
.994
1.000
.000
1.000
.022
.979
.999
.000
1.000

95% Confidence Interval
Lower
Upper
Limit
Limit
-3.483
.518
-5.459
-.601
-22.230
-10.811
-5.113
.198
-4.598
-.204
-.518
3.483
-3.847
.752
-20.549
-9.527
-3.743
1.793
-3.215
1.379
.601
5.459
-.752
3.847
-18.672
-8.307
-2.305
3.451
-1.544
2.803
10.811
22.230
9.527
20.549
8.307
18.672
8.637
19.488
8.636
19.602
-.198
5.113
-1.793
3.743
-3.451
2.305
-19.488
-8.637
-2.358
2.471
.204
4.598
-1.379
3.215
-2.803
1.544
-19.602
-8.636
-2.471
2.358

Table 7.5: Sidak corrected pairwise comparisons for mean difficulty ratings by location.
Comparison 1
(location)

Comparison 2
(location)

Mean diff.

Std. Error

p

1

2
3
4
5
6
1
3
4
5
6
1
2
4
5
6
1
2
3
5
6
1
2
3
4
6
1
2
3
4
5

-1.548
-3.355*
-21.044*
-5.140*
-2.455
1.548
-1.807
-19.496*
-3.592*
-.908
3.355*
1.807
-17.690*
-1.785
.899
21.044*
19.496*
17.690*
15.904*
18.589*
5.140*
3.592*
1.785
-15.904*
2.684
2.455
.908
-.899
-18.589*
-2.684

.906
1.039
2.166
1.153
.928
.906
1.199
2.251
1.110
1.040
1.039
1.199
1.862
1.108
1.069
2.166
2.251
1.862
1.849
2.098
1.153
1.110
1.108
1.849
1.174
.928
1.040
1.069
2.098
1.174

.768
.030
.000
.001
.146
.768
.891
.000
.030
.999
.030
.891
.000
.833
1.000
.000
.000
.000
.000
.000
.001
.030
.833
.000
.325
.146
.999
1.000
.000
.325

2

3

4

5

6

95% Confidence Interval
Lower
Upper
Limit
Limit
-4.314
1.218
-6.526
-.184
-27.658
-14.430
-8.659
-1.620
-5.290
.379
-1.218
4.314
-5.469
1.855
-26.369
-12.623
-6.981
-.203
-4.082
2.267
.184
6.526
-1.855
5.469
-23.374
-12.005
-5.167
1.597
-2.365
4.163
14.430
27.658
12.623
26.369
12.005
23.374
10.260
21.549
12.182
24.995
1.620
8.659
.203
6.981
-1.597
5.167
-21.549
-10.260
-.899
6.268
-.379
5.290
-2.267
4.082
-4.163
2.365
-24.995
-12.182
-6.268
.899

The interaction between time and location was highly significant for both ratings (see Table 7.3).
These interactions are graphically depicted in Figures 7.10 and 7.11 for risk and difficulty
respectively, showing variation between locations in the extent of day-night difference in
ratings; most conspicuously, the day-night difference at Location 4 was much greater than at the
other locations. At this location at night, it was not only dark but foggy and raining so that
visibility was particularly poor. In terms of Summala’s (1988) zero risk theory (described in
Chapter 2, Section 4.2), this location could be described as a situation where it was difficult to
maintain the safety margin at all times.
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Figure 7.10: Interacting effects of time and location on risk ratings
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Figure 7.11: Interacting effects of time and location on difficulty ratings

Post-hoc tests for location (Sidak-corrected pairwise comparisons) also found that risk ratings
were significantly lower at Location 1 than at Locations 3 and 6 (Table 7.4). Location 1 clips
depicted the viewpoint vehicle moving steadily forward along a 3-lane road under low traffic
conditions. For this location, potential hazards identified by participants during the hazard
perception task (Chapter 6) typically included parked cars (and nearby pedestrians) during the
day, while for the night-time clip showing the same road section the hazards identified mostly
pertained to either poor visibility or to a van driving alongside the viewpoint vehicle that may
have been preparing to change lanes. In comparison, Locations 3 and 6 both included more
complex or unpredictable situations. Location 3 had an unusually-structured intersection and
unclear right-of-way, and the daytime clip included a more complex traffic situation involving a
bus bearing an L-plate. The hazards identified by participants for the Location 3 daytime clip
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largely reflected this increased complexity. Both Location 6 clips depicted other road users
behaving in a potentially unpredictable fashion. The Location 6 daytime clip commences with the
viewpoint vehicle stopping at a red traffic light alongside several buses, one of which is
positioned across two lanes which may cause another bus to move into the viewpoint vehicle’s
lane; a little later, a person was visible behind a parked truck, unloading items from it.
Participant comments on this clip tended to focus on potential movements of the buses when
the red light was due to turn green, and to a lesser degree on the person unloading the truck.
The Location 6 night-time clip depicted a barely-visible pedestrian crossing the road in front of
the viewpoint vehicle while other vehicles were nearby; glare from approaching traffic and
storefront lighting made the scene difficult to interpret quickly. The majority of comments on
this clip pertained to the pedestrian, with some remarks also about other road user movements
and poor visibility.

Post-hoc tests (Sidak-corrected pairwise comparisons) of differences between locations (Table
7.5) also identified that difficulty was rated significantly higher at Location 5 than at Locations 1
and 2, and significantly higher at Location 3 than at Location 1. Both Location 5 clips showed the
viewpoint vehicle performing a right-hand turn through a signalised intersection in a busy
shopping area, with many pedestrians; in the daytime clip there was also a large van
immediately ahead of the viewpoint vehicle impeding view of the intersection. Comments by
participants tended to focus mainly on other vehicles, particularly the van (in the daytime clip),
oncoming traffic in the intersection, potential movements of other vehicles/pedestrians and the
general busyness of the scene. Clearly this was a much more complex scene than those shown in
Locations 1 and 2, since at both of the locations the vehicle was driving straight along a 3-laneeach-side divided road in relatively low traffic conditions.

In previous research on factors affecting such ratings, the focus has mainly been on vehicle
speed as a key determinant (Fuller, 2005; Kinnear, Stradling & McVey, 2008; Lewis-Evans &
Rothengatter, 2009; also discussed in Chapter 2, Section 4.2). Figure 7.12 shows mean speed for
each of the video clips, together with associated ratings of risk and difficulty, and these results
suggest that speed was far from the only influence on ratings. The highest ratings were for
Location 4, which had the second highest daytime speed and third-highest night-time speed.
However, at locations 1 and 2, speeds were high and ratings were low, relative to those at other
locations. And the lowest night-time speed was at Location 8, where ratings were the second
highest.
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Locations 7 and 8 were excluded from the ANOVA as they had no daytime clips. The Location 8
night-time clip was the only one where risk and difficulty ratings approached the high numbers
of those for Location 4, but in terms of general geography, road layout, speed of travel, and
numbers of other road users its content was quite different. The Location 8 clip depicted a much
busier situation with very slow-moving traffic but large numbers of pedestrians moving
unpredictably near (and in) the flow of traffic, parked vehicles attempting to enter the traffic
flow, and approaching traffic attempting to turn right across the viewpoint vehicle’s path ahead.
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Figure 7.12: Mean vehicle speed, risk and difficulty ratings for each location, separately for day
and night clips.

Clearly these results suggest that ratings of risk and difficulty are affected by many factors. In
information theory terms, task difficulty is a function of entropy or ‘uncertainty’, specifiable in
terms of the amount and rate of information processing (Seow, 2005). Uncertainty increases
with both the number and unpredictability of stimuli requiring attention (stimulus uncertainty)
and the number and unpredictability of potentially required responses (response uncertainty).
Relationships between task difficulty in this sense and human performance are specified by basic
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laws of human factors psychology: Hick-Hyman Law and Fitts’ Law (Proctor & Van Zandt, 2008).
In the present context, difficulty ratings would have been affected by the rate at which
participants envisaged the driver of the viewpoint vehicle to be processing information, which
depends on the amount of information as well as on vehicle speed.

It is interesting to consider night versus daytime driving conditions from this information
processing perspective. If there are fewer other road users at night, there would be less
information to be processed which would decrease task difficulty (unless the effect were
neutralised by increasing speed such that rate of information processing remained the same).
However, if visibility is much poorer at night, this increases uncertainty about what the driver
might be about to encounter and what driver action might be needed in response – and level of
uncertainty is a key determinant of task difficulty, as outlined above. From this perspective,
driver awareness of visibility limitations is clearly important.

7.5. Summary and Conclusions
7.5.1. Relationship between perceived risk and difficulty ratings, and the effect of
driver age and experience on this relationship
Neither participant age nor experience appeared to affect the relationship between risk and
difficulty.

Although risk and difficulty ratings were found to be strongly correlated, they were not found to
be interchangeable, contrary to the suggestion of Fuller and colleagues (2008). The overall
correlation found between the two ratings and the lack of variation with age/experience in this
relationship supported findings by Kinnear and associates (2008).

The present results supported those of Groeger and Chapman’s (1996), in that risk and difficulty
ratings were strongly correlated; however, those researchers also found that the relationship
between risk and difficulty varied by driver age/experience, which was not the case here.

There is considerable prior evidence that younger and/or novice drivers underestimate riskiness
in driving situations (Matthews & Moran, 1986; Finn & Bragg, 1986; Rosenbloom, Shahar, Elharar
& Danino, 2008), and that novice drivers have under-developed hazard perception skills (von
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Benda & Hoyos, 1983; McKenna, Horswill & Alexander, 2006; Beanland, Goode, Salmon & Lenné,
2013). However, it is possible that novice drivers’ poorer hazard perception skills, by decreasing
their awareness of potential hazards, would tend to reduce their perception of difficulty and
thereby tend to cancel out the opposing effect of their higher mental workload (due to less
automatised driving skills) on perceived difficulty. Bragg and Finn (1982, cited in Matthews &
Moran, 1986) found greater variations in risk assessments by younger drivers compared to older
drivers, which is consistent with this interpretation if it is assumed that the younger drivers in
that study varied in their level of skill development whereas the skills of older drivers were all
fully developed.

7.5.2. Relationship between content of road traffic scenarios and risk and difficulty
ratings
There were substantial variation in ratings between locations. Some of this variation, such as
that between day and night, was clearly attributable to visibility differences (both risk and
difficulty were rated as substantially higher at night for all but one location), and/or differences
in overall traffic levels. And in clips with similar levels of traffic, the predictability of traffic
behaviour also appeared to influence ratings; that is, clips depicting other vehicles and
pedestrians moving in an orderly and predictable fashion were rated substantially lower for risk
and difficulty than clips where traffic movements were very unpredictable.

Very little of the variation between risk and difficulty ratings across locations was specifically
attributable to differences in vehicle speed. As illustrated by previous researchers (Fuller et al.,
2008; Kinnear et al., 2008; Lewis-Evans & Rothengatter, 2009) speed is undoubtedly a major
determinant of these ratings when all other factors are held constant. In that situation, speed is
the major determinant of the required information processing rate. However, in many driving
situations information processing rate is influenced by a wide range of other factors including –
as demonstrated in the present research – density of other road users and the predictability of
their movements, as well as ‘visibility’ both in the general sense and in terms of visibility of
specific hazards. The present results have highlighted the effects of required information
processing rate on both difficulty and risk ratings; this more basic factor underlies the effects on
ratings of both vehicle speed and the presence and behaviours of other road users.
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As discussed in Chapter 1, young novice drivers have more crashes than more experienced
drivers, and there is evidence that while all drivers tend to crash more frequently at night than
during daytime, young novices’ night-time crash rates are disproportionately higher than those
of older drivers. Most importantly in the current context, one of the factors contributing to
young novice drivers’ elevated night-time crash risk can be differences in the perceptual and/or
cognitive demands of driving at night compared with these demands when daytime driving.

Previous research has provided clear evidence that perceptual and cognitive errors are often
implicated in novice driver crashes. While basic car control might be learned relatively quickly,
information-processing skills such as hazard and risk perception, attention control and decisionmaking skills appear to take longer to develop, and young/novice drivers have been shown to
have deficits in these areas. However, it was unclear exactly how these skills develop in young
drivers as they gain driving experience, and how drivers’ perception and interpretation of the
driving environment may differ between daytime and night-time driving conditions. This
research investigated these questions and identified a number of novel and important findings
which contribute to the body of knowledge. This research has identified significant findings
including a number of specific ways in which young drivers’ abilities to “read the road” improved
with experience, particularly their anticipation of impending hazards and their awareness of the
risks associated with poor visibility. Another valuable finding highlighted the contribution of
uncertainty to driving task information processing requirements (and thus driving difficulty),
which suggests future research directions with respect to determination of optimum driver
workloads under various driving conditions.
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8.1. Research Outcomes
This research aimed to document the influence of day versus night driving environments and
differing amounts of driving experience on young drivers’:
a) awareness of road traffic situations in general, and potential hazards in particular; and
b) ratings of driving risk and difficulty levels (separately) for a range of road traffic
situations.

Aim (a) above was considered the most important of these two aims. It was pursued by requiring
participants to perform two tasks:
•

an on-road commentary task (See 8.2.1 below, detailed in Chapters 4 and 5);

•

an off-road hazard perception task (See 8.2.1 below, detailed in Chapter 6).

Aim (b) was pursued by requiring the same participants to perform two additional off-road tasks
– difficulty rating and risk rating (see 8.2.1 below, detailed in Chapter 7).

8.2. Research Method
Four groups of participants, varying in driving experience and age, performed four tasks.
Performance measures were compared between the different participant groups and between
their responses in day and night driving conditions.

It is very difficult to separate out the various potential age and experience factors that may
affect young novice drivers’ crash risk (Brown, 1982), but researchers have often attempted to
do so (e.g. Maycock & Forsyth, 1997; Austroads, 1999; Lyon, Borkenhagen, Scialfa, Deschênes &
Horswill, 2011). This research used a cross-sectional research design, to recruit participants into
four groups with participants of different ages and driving experience so that effects of age and
experience could be investigated separately. Specifically, the recruiting aim was to create four
participant groups: two ‘young’ groups (ages between 16 and 20) of similar ages but differing in
driving experience, and two ‘older’ groups (aged between 25 and 30) of similar ages but differing
in driving experience. The minimum age of 16 years was selected as this is the minimum age for
obtaining a learner driver’s licence in the state of South Australia where the research was based.
A maximum age of 30 years was chosen since Australia road safety statistics show that crash
rates plateau for drivers older than this age (see Figure 1.1).
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This aim of separating factors related to age from those related to experience was achieved for
the two youngest groups, but this proved to be impossible to achieve within the necessary
timeframe for the two older groups, due to difficulties in recruiting Group C participants (those
aged 20-24 years with 5 years or more driving experience). This group ended up being
considerably smaller than the other groups with a much higher percentage of participants
speaking English as a second language – 55.5% (5 of the 9) compared with 16.7%, 5% and 14.3%
for Groups A, B and D respectively. Since Group C’s performance in all tasks was noticeably
below that of other groups, their results were reported but not included in the analysis when
interpreting differences between the groups.

Both qualitative and quantitative methods were used for data collection and analysis, aiming to
reap the benefits of both approaches while avoiding some of the pitfalls, such as constraint of
possible user responses to pre-determined formats (as seen in some quantitative approaches
such as multiple-choice questions or rating scales), or a lack of generalisability (as found in some
qualitative methods such as in-depth interviews). This mixed methods approach was achieved by
requiring participants to perform the following four tasks:

Driving Commentary. Participants’ general situation awareness was assessed by thematically
analysing their free commentaries on “what a good driver would notice” while being driven
around a set route as a passenger.

Hazard Perception. This required participants to view a series of video clips of traffic situations
and to pause the clip whenever they saw a potential hazard. They then described the hazard
before continuing to view the clip. This produced data similar to the commentary task but was
more narrowly focused on potential hazards rather than situation awareness more broadly.

Risk and Difficulty Ratings (two separate tasks). While viewing the same video clips as were
used in the hazard perception task, participants were asked to provide ratings of risk /difficulty.

The driving commentary (Pilot and Study 1) and hazard perception (Study 2) tasks generated
free-text data that required qualitative methods for initial stages of coding and analysis; coding
was performed in a very fine-grained and granular fashion that permitted some additional
quantitative analysis based on counts of comment numbers for specific topics mentioned by
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participants. Grounded Theory methodology (Pidgeon & Henwood, 1997) was used as a
framework for indexing and semantically coding free-text data, a method selected to achieve
consistency across the entirety of the coding process.

Risk and difficulty rating tasks (Study 3) produced wholly numeric data suited to quantitative
analysis. Some aspects of hazard perception task performance were also suitable for
quantitative analysis – specifically, the numbers of hazards identified by participants, and
reaction times to some hazards.

The Pilot and individual study results have been presented separately in Chapters 4-7. This
chapter now considers the overall findings in order to draw more general conclusions, and to
discuss them in relation to the research aims and the theoretical models of driving performance
that were outlined in Chapter 2: the generic information processing model (Wickens, Gordon &
Liu, 1997), which incorporates the Skills-Rules-Knowledge (SRK) model (Rasmussen, 1983); and
Endsley’s (1995) situation awareness model.

8.3. Conclusions
8.3.1. Aim (a): Effects of driving experience and day versus night on hazard
perception and situation awareness
8.3.1.1. Levels of cognitive control and novice driver decision-making
The research findings in each study suggested that more inexperienced drivers had less welldeveloped mental models of road traffic situations and that, consistent with this, they were
more likely to be operating at knowledge-based or rules-based levels of cognitive performance
rather than at the more automatised skills-based level, as predicted by Rasmussen’s Skills-RulesKnowledge model (1983). Participants were not driving the experimental vehicle so it was not
possible to directly assess their on-road decision-making styles. However, inexperienced drivers
were found to be more likely to comment about the basics of car control during the commentary
task, suggesting that their performance of these basic skills was less automatised than that of
the more experienced participants (see Chapter 5, Section 5.1.1). Consistent with this, when
performing the hazard perception task novice drivers focused mainly on vehicle control issues
related to speed and position on the road when mentioning hazards categorised as ‘we should
do X’, which they commented on more frequently than experienced drivers.
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Commentary task results identified that inexperienced drivers focussed more on obeying road
rules ‘to the letter’ rather than using their own judgement in assessing on-road situations. For
example, Group A participants made more comments recommending adherence to the speed
limit than did participants from other groups. In terms of the SRK model of driving performance,
‘rules-based’ information processing incorporates much more than a simple tendency to adhere
closely to road rules, but this tendency of novice drivers to talk explicitly about following road
rules demonstrates that inexperienced drivers have not fully progressed to a skill-based
performance level. Such an interpretation is consistent with Catchpole’s (1997) finding that
young drivers were over-represented in “unexpected conflict” crashes where the young driver
was technically in the right but failed to successfully respond to another road user’s failure to
give way. No more recent studies exploring these types of crashes in novice drivers were found.

In comparison, the most experienced participants generated more comments about driving
slower than the speed limit, reflecting greater willingness to use their own judgement regarding
safe speeds for the road conditions rather than strictly adhering to rules (Chapter 5, Section
5.4.2.2 and Table 5.3). This suggests greater awareness among experienced participants of
factors other than the speed limit that should influence driving speed; while less-experienced
drivers focussed more on road rules, the most experienced drivers appeared more willing to
apply their greater understanding of road conditions and judge safe speeds for the road
conditions. A similar phenomenon was reported by Scott-Parker, Watson, King & Hyde (2012),
whose longitudinal survey of novice drivers found that in general they became less compliant
with road rules (particularly speed limits) as they progressed from learner drivers to
unsupervised provisional drivers. While their survey investigated self-reported rule violations
rather than perception and understanding of driving scenarios, this increased willingness by
novice drivers to disregard speed limits after they commenced driving without supervision might
be interpreted as a greater willingness to rely on their own judgement of safe driving speeds
rather than strictly adhering to the posted speed limit as they did when supervised learners.

8.3.1.2. Novice driver mental models of the road traffic environment
The commentary task provided evidence consistent with the above driving performance models,
that more experienced drivers had a more holistic and coherent understanding of the driving
environment. For example, comments about things requiring particular caution (Chapter 5,
Section 5.5.2.2) were common in all participant groups, but those from more experienced
drivers were more clearly conceptualised in terms of general, higher order issues rather than
single, specific events or situations (which made them much easier to categorise during the data
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coding process). In comparison, it seemed that the perceived need for caution was relatively
undifferentiated among less experienced drivers.

A similar pattern of experience-related differences was evident in participants’ comments about
slowing down for road curves. Learner drivers tended to make separate comments about each
separate bend in the road, whereas experienced participants tended to talk in broader terms
about winding roads rather than remarking on each individual bend as they approached it
(Chapter 5, Section 5.4.2.2 and 5.5.2.3). Experienced driver comments about “winding roads”
(which included the individual curves that the novices identified, described at a higher level of
abstraction) demonstrated integration of individual road elements (i.e. curves) into a more
holistic picture of the road environment beyond that which was immediately visible. This pattern
of experience-related differences reflects the different levels of awareness in the Endsley (1995)
model of situation awareness (Chapter 2, Section 2.2): at Level 1, relevant elements of the
immediately present environment are perceived; at Level 2, the current situation is perceived
more holistically; and at Level 3, perception of the current situation is used, along with past
experience, to predict future situations (Endsley, 1995, p.37).

A less future-focused understanding of road traffic scenarios was also evident in the finding that
learner drivers made more comments about low-action-potential road signs than did
participants with a probationary driving license (Figure 5.9). Since these two groups were the
same age, this difference was clearly related to their different levels of driving experience rather
than being age-related. It demonstrates that the learner drivers had not yet learned to
discriminate between road signs that had probable implications for future driving action
requirements versus signs that did not, whereas the situation awareness of Probationary drivers,
at least in relation to road signs, approached Level 3 Situation Awareness (as described in the
previous paragraph).

Poorer awareness of the road traffic environment by less experienced drivers was also illustrated
by the greater frequency among learner driver participants of comments categorised as “X… no,
Y”, where a participant changed their mind about what they were seeing partway through
describing it. In comparison, more experienced participants were more likely to generate
comments about attention-management strategies (a higher order aspect of skill) such as the
need to be aware of possible distractions, or the need to concentrate while driving (Chapter 5,
Section 5.4.2.2).
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The presence of other road users typically increases driving task demands, since it increases the
number of information sources and these sources are higher in information since they are either
moving or have the potential to do so. The commentary task finding that experienced drivers
attended more to other road users than did novices (Chapter 5, Section 5.2.4) is therefore an
important one. This evidence was consistent with results from the hazard perception task that
showed a greater tendency among less experienced drivers to consciously attend to static
features of the driving environment (Chapter 6, Section 6.3.1.1), and supports findings by Soliday
and Allen (1972) that experienced drivers made more comments on moving road users than
about static objects, as compared to novice drivers who commented to a similar extent about
both. Related to this, Underwood, Chapman, Bowden and Crundall (2002) found from eye
fixation data that experienced drivers scanned the road traffic environment more extensively
than novices in situations where driving task demands were higher due to the increased
presence of other vehicles. Importantly, these authors were able to attribute this difference to
novice drivers having less developed mental models and associated greater awareness of the
hazards presented by other vehicle movements because, as in the present project, they were
viewing video clips rather than actively driving, so the less automatised vehicle control skills of
novice drivers was not a likely causal factor.

The greater sophistication of the mental models of more experienced drivers was also illustrated
in commentary task results by experience-related increases of numbers of comments coded for
both “speed choice” and “curves”, and in comments about speed choice while driving downhill
where experienced participants made twice as many comments as learner drivers (see Table
5.3). These particular examples suggest that increased driving experience increases awareness of
possible hazards in riskier driving situations where the road is not straight and flat. It is
interesting, then, that results from the risk assessment task (discussed in the following section),
which included those specifically for the video clip with a steep and winding road, did not show
any significant difference in risk rating between participant groups. This is in accord with findings
by other researchers (Lerner & Rabinovich, 1997; Kinnear, Kelly, Stradling & Thomson, 2013)
who found no age- or experience-related effects for risk ratings in similar tasks. Presumably the
difference in risk-related results across tasks in this study is due to the different nature of the
tasks involved, since commenting on the content of a road traffic scenario, even when focusing
on potential sources of risk, is very different from rating the overall level of risk in the scenario.

8.3.1.3. Visibility, driving experience, and hazard perception performance
As noted previously, commentary task results showed an increase in comments about visibility
issues with increased driving experience. The clearest differences between participant groups
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was in hazard perception task performance, where the focus was specifically on risk sources
rather than overall situation awareness. ‘Visibility issues’ were those concerning poor visibility,
glare, obstructions to vision and so forth, and these were mentioned substantially more often by
the more experienced drivers, particularly at night. The largest sub-topic within ‘visibility issues’
was ‘poor visibility’. At night this was mentioned more than twice as often by the most
experienced drivers than by any other group, indicating greater awareness of poor visibility as a
hazard.

Within the ‘poor visibility’ category, it was found that inexperienced drivers were much less
aware than others of hazards that are associated with particular things that are hard to perceive,
as opposed to more obvious poor-visibility situations such as night-time and/or foggy conditions
(Chapter 6, Section 6.4.1). The most notable examples of this kind of hazard involved
pedestrians, such as those in dark clothes crossing the road in a poorly-lit location, or standing
between parked cars ready to step onto the road; the majority of comments regarding these
were by experienced drivers. This finding supports and extends those of Borowski and OronGilad (2013; described in some detail in Chapter 2, Section 2.4.1), who demonstrated that driver
awareness of hidden hazards, including pedestrians, was significantly poorer in young novice
drivers (aged 17-19.5 years) than it was in more experienced young drivers (aged 23-29 years)
and in an older group of taxi drivers. Further evidence of experienced drivers’ greater awareness
of ‘hidden hazards’ was provided by commentary task results comparing the distribution across
groups of comments about vehicles entering the road, subdivided into the following three
subsets: actual vehicles in process of entering; actual vehicles waiting to enter; and hypothetical
vehicles that might be there. It was found that the most experienced drivers were much more
over-represented in the last of these three categories than in the first two.

Hazard perception results were also investigated in terms of the most common topics within all
seven of the main hazard categories, the most common of which related to pedestrians (Figures
6.3 and 6.4). At Locations 1-6 (day and night combined), experienced drivers made many more
comments about ‘pedestrian crossing road in front of us’ than the other groups, but at Locations
7-8 (night only), learner drivers made the most comments, marginally more than the
experienced drivers. At the latter two locations, traffic speeds were much lower (often at
walking pace) than at other locations and there were larger numbers of pedestrians, often in
more conspicuous positions. And comparing these two video clips, Location 8 was in an
undercover carpark with better illumination than Location 7, and vehicle speed in Location 8 was
lower. It was interesting then that all four groups mentioned pedestrians more often at Location
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8 than at 7 but this was particularly so for the most inexperienced drivers (Table 6.3). It was
suggested that this might be because of a combination of two factors that were most beneficial
to the most inexperienced drivers: more easily visible and conspicuous pedestrians tended to
counterbalance the novice drivers’ poorer mental models; and very low speed reduced
information processing demands, tending to counterbalance their less automatised vehicle
control skills. This effect of visibility and processing speed on novice drivers’ hazard perception
performance may be a new finding. The relevance of the second of those two factors was
supported by evidence that learner drivers’ hazard perception performance more generally (in
terms of other most commonly mentioned sub -topics – not just pedestrians) was relatively
better at Locations 7-8 than at Locations 1-6. And it seems that the relatively poorer visibility of
pedestrians at Locations 1-6 was the most likely reason for the more experienced drivers were
more likely to mention them. These results support findings by Crundall, Chapman and
associates (2012) that learner drivers required more visual fixation time to identify hazards with
behavioural precursors (e.g. a visible pedestrian at a roadside who then steps into the road) than
did more experienced drivers. If novice drivers do in fact require more visual fixation time to
notice pedestrians (and other hazards with behavioural precursors) then poor visibility
conditions and/or higher speed of travel will clearly compound this problem.

Day versus night comparisons of performance on both the commentary and hazard perception
tasks were complicated by the smaller numbers of other road users (and parked vehicles)
actually present at night. Despite their lower numbers, it was found that some associated types
of hazard (e.g. ‘things in our lane ahead we could have to slow or stop for’; ‘things that impinge,
or might impinge, on our lane’) were more frequently mentioned at night, which might suggest a
tendency toward narrowing of the visual search field at night leading to greater focus on
potential hazards close to or ahead of the car. This interpretation is consistent with evidence
from Crundall, Shenton and Underwood (2004) that drivers’ visual field during a car following
task was narrower at night, and with other evidence that higher workload while driving may
contribute to neglect of peripheral areas of drivers’ visual fields (Harbluk, Noy, Trbovich &
Eizenman, 2007; Urwyler et al., 2015).

8.3.2. Aim (b): Perception of risk and difficulty
8.3.2.1. Are risk and difficulty ratings “virtually substitutable for each other”?
There have been many studies in the road safety literature regarding the precise nature of risk
and difficulty ratings, and the degree to which they are related (Groeger & Chapman, 1996;
Fuller, McHugh & Pender, 2008; Kinnear, Kelly, Stradling & Thomson, 2013). The focus in the
203

present study was on ratings of perceived or experienced risk, rather than assessments of
‘statistical’ risk. Such ratings have been found to be strongly correlated with ratings of perceived
difficulty (Kinnear, Stradling & McVey, 2008; Lewis-Evans & Rothengatter, 2009), and some
researchers have even stated that these ratings appeared to be “virtually substitutable for each
other” (Fuller et al., 2008, p.19). Results from the present study did not support this latter
statement, finding instead that while risk and difficulty ratings were significantly correlated,
Rasch model analysis demonstrated that they related to two separate constructs.

Further, it was found that the relationship between these ratings was not influenced by
participants’ level of driving experience or age, a finding consistent with some other research
(Kinnear et al., 2008; Grayson, Maycock, Groeger, Hammond & Field, 2003). It is possible that
this lack of any significant effect of driving experience might be due to counteracting effects of
poorer skill calibration among less experienced participants (expected to produce lower ratings)
versus less automatised and therefore more attention-demanding driving skills (expected to
produce higher ratings). The balance between these two factors would be expected to vary,
depending on the nature of the hazards (sources of risk) in the road traffic scenarios presented.

Investigation of variation in risk and difficulty ratings associated with variation in these hazards
was investigated, based on differences between video clips, both in visual conditions (daytime or
night-time) and in some location-specific factors. Some previous researchers (Fuller et al., 2008;
Kinnear et al., 2008) have used variations in speed as the primary method to vary risk and
difficulty in such assessment tasks, and undoubtedly speed can be an important determinant.
However, findings from this research demonstrate that speed is not always the primary
determinant of perceived risk or difficulty.

8.3.2.2. Information processing, uncertainty, and hazard perception performance
Both risk and difficulty ratings were significantly higher at night, across all participants regardless
of driving experience. There were also significant differences between locations, and the effect
of location interacted significantly with experience. Qualitative investigation of potential reasons
for these differences suggested that they might best be explained in terms of information
theory, which describes the effects of ‘uncertainty’ on performance (Proctor & Van Zandt, 2008).
From this perspective, information processing requirements and thus task difficulty are
increased by a higher level of uncertainty both in terms of potential hazards that might require
attention (i.e. stimulus uncertainty), and possible responses to those hazards (i.e. response
uncertainty). Such a framework supports analysis of the combined effects of both the amount of
information that must be processed and the rate at which it must be processed. Vehicle speed
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obviously influences the required rate, but clearly it is important also to consider the amount of
information. The value of this conceptual framework has been demonstrated in various other
domains of human factors psychology, including human-computer systems (e.g. Card, Moran &
Newell, 1983), and aviation (e.g. Loft, Sanderson, Neal & Mooji, 2007).

In summary, this research has addressed the aims of identifying the influence of both driving
experience and day versus night driving environments on young novice drivers’ hazard
perception and situation awareness. It provides an evidence base for both improvements in
novice driver training and for further research into vehicle automation and design of in-vehicle
information system, where issues of driver mental workload and task-sharing are critical.

8.4. Methodological Strengths and Limitations of this Project
Novice drivers’ hazard perception and situation awareness have been investigated before, but
few if any previous studies have performed in-depth investigations of day/night differences,
especially in drivers of a variety of ages and levels of driving experience within the range where
driving skill is still undergoing development. In addition, the present project is one of a relatively
small number that have investigated a range of related perceptual/cognitive driving skills by
having a single group of participants perform several different tasks, enabling comparison of
performance between these different tasks. Another strength of the present project is the
combination of qualitative and quantitative data collection and analysis. This hybrid “mixed
methods” approach allowed for investigation both of participants’ open-ended verbal responses,
and quantitative analysis of some aspects of the data.

While the project generated a number of interesting findings, interpretation of the data was
constrained by several factors. Some constraints were intrinsic to analysis of free-form verbal
responses used for both the commentary and hazard perception tasks. The process of
commentary production itself has been shown to interfere with other cognitive driving tasks
such as hazard perception (Young, Chapman & Crundall, 2014; Young, Crundall & Chapman,
2017). Consequently, it is difficult to state with certainty whether commentaries generated by
inexperienced drivers lacked detail due to underdeveloped situation awareness per se, or
because their situation awareness performance suffered more from task interference than that
of experienced drivers since the novices’ driving skills were less automatised.
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For topics at the bottom of the coding tree, the variable and often quite small numbers of
comments inevitably limited conclusions. Comment numbers were also a major, albeit it
expected, constraint on investigations of the supplementary questions described in Chapter 5.
For example, comments explicitly expressing surprise at other road users’ behaviour were rare,
as were comments predicting how the driving situation might develop (relating to literaturebased Questions 2 and 3 respectively). Likewise, investigation of Question 6 (which pertained to
skill calibration) was constrained by the relatively low numbers of comments about driving
difficulty; numbers of comments on sub-topics within the ‘difficulty’ topic were smaller still,
making it difficult to draw nuanced conclusions regarding participants’ opinions of their own
driving skill. Also, the absence from a commentary of a mention of something was sometimes
difficult to interpret. Absence might be due simply to something not being noticed, or to the
participant considering it insufficiently important. In addition, interpretation required
consideration of the likely effects on commentary content of more experienced drivers’ higher
level of automatisation of some aspects of driving skill (e.g. steering the vehicle), since
automatisation decreases awareness of that skill component and therefore decreases the
likelihood of it being reported.

Composition of the four participant groups was less than ideal. Due to the difficulties
experienced in recruiting people within the necessary time frame, the groups were not of equal
size, which affected interpretation of results from Analyses of Variance. While this method is
robust in the face of many kinds of assumption violations, it should have similar-sized groups
(Field, 2009). Also, Group C had a relatively large number of participants with English as a second
language and was also the smallest of the four groups. For these reasons, little weight could be
placed on results from Group C and therefore these participants were not included in the
analysis.

For the on-road commentary task, it was not possible to control for participant fatigue due to
practical limitations. However, this is likely to provide further ecological validity to the results.

For the tasks using video clips of road traffic scenarios, the limited resolution and angle of view
may have made it difficult for participants to accurately assess speed and angles in some
situations, as well as making it more difficult than it may have been in on-road driving situations
to identify small or distant objects. Such problems can be overcome by using computergenerated images, but this approach would result in a loss of environmental validity.
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Alternatively, this constraint might be overcome by use of much higher quality recording
equipment, but this was not practicable in the present case. For night-time recording, a separate
low-light camera was used, and this camera had a wider-angle lens than the one used for
daytime recording. It is possible that this may have created an illusion of greater movement
speed in the night-time clips. Apart from that, quality of visible information at night is generally
poorer than during the day, and this day-night difference in visibility was greater in the video
clips than in ‘real world’ driving conditions. As a consequence of these factors, some of the
observed day-night differences might have been somewhat greater than they would have been
if participants had been in a vehicle actually driving along the road rather than viewing video
clips.

Finally, there is a validity question: can results concerning situation awareness and hazard
perception from participants who are not actually driving a vehicle be generalised to drivers who
are? There are obvious differences between driver and passenger roles, most notably mental
workload issues: participants were either passengers (commentary task) or viewers of video clips
(hazard perception and difficulty/risk assessment tasks), so they had no responsibilities for the
actual driving. Driving may cause participants to be more focussed on vehicle control issues that
might not be noticed or recognised when they are not driving, or at least not to the same extent.
However safely obtaining commentaries while very inexperienced drivers are actually driving is
highly problematic due to the risks related to their limited spare cognitive capacity. If
participants had been tasked with driving while they generated commentaries or verbalised
hazards, aside from the crash risks, the resultant data would have been much less rich and of
correspondingly lower value.

8.5. Implications for Future Research
In accord with the qualitative nature of much of this research, its main value is in identifying
issues warranting further research, rather than drawing conclusions about pre-specified
hypotheses. Many of the results identified in this project have potential application to driver
training. Although there is little support in the road safety literature for the effectiveness of
general driver training in terms of crash rate reduction (Mayhew, Simpson, Williams & Ferguson,
1998; Christie, 2001; Peck, 2011), there is some evidence that part-task training can improve
specific higher-order cognitive driving skills such as situation awareness, hazard perception and
risk assessment (Haworth, Symmons & Kowadlo, 2000; McKenna & Crick, 1997; Sexton, 2000;
Isler, Starkey & Williamson, 2009; Beanland, Goode, Salmon & Lenné, 2013; Samuel, Zafian,
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Borowsky, Romoser & Fisher, 2013). Benefits of part-task training of complex skills other than
driving have also been shown in other domains, such as training of surgical skills (Evans et al.,
2010; de Montbrun & MacRae, 2012). In the case of both driving and surgery, part-task training
has the added advantage of decreasing risk of injury (to patients or to other road users) during
the process of skill development.

Results from the present research contribute more detailed information regarding some of the
specific aspects of the mental models of inexperienced drivers that could benefit from more
effective training, where part-task or more general training could be of benefit. Further research
is needed to test these findings under more controlled experimental conditions, and to translate
resultant evidence into more effective driver training program content. For example, training
(not necessarily confined to part-task training) needs to be developed to increase novice drivers’
awareness of potential hazards that are difficult, or not yet possible, to see. In many (but not all)
situations, pedestrians fall into this category. This research found that such hazards are likely to
be more common at night because of the generally poorer visibility, and novice drivers are
known to have a higher crash risk at night. There is therefore a need for future research to look
further at novice drivers’ situation awareness and hazard perception under night-time as well as
daytime conditions.

Novice drivers are over-involved in single vehicle ‘run off road’ crashes, particularly on curves.
Results from this research showed that experienced drivers were more cautious than novices
with respect to challenging terrain such as winding roads and hilly environments, and to speed
choice as it applied to those environments. Further research is warranted to clarify novice
drivers’ perceptual/cognitive skill deficiencies in driving situations where the road is not straight
and flat.

Finally, the present project demonstrated a need for research into risk and difficulty perception
to systematically vary not only vehicle speed (which determines the required rate at which
information has to be processed), but also the amount of information that needs to be
processed. This approach may enable calculation of variation in driver information processing
demands under various conditions, at least in ordinal terms, and measurement of effects on
performance of novice drivers at varying stages of skill development. Those results could assist
in the determination of optimum workload levels for drivers of various levels of experience
under various driving conditions. This data could be valuable in applications such as the design of
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in-vehicle information systems and automation, where issues of driver mental workload and task
sharing are a key topic of current research (e.g. de Winter, Stanton, Price & Mistry, 2016; Chang,
2017; van Leeuwen et al., 2017). The necessity to consider drivers’ cognitive driving skills when
designing some aspects of vehicle automation (such as handover in critical or emergency
situations) has been discussed in the literature (Young & Stanton, 2007). The comprehensive
mapping of contextual driving elements provided in this project could possibly be used by the
automotive industry to inform the design of automated vehicle systems, ideally producing
vehicle automation that is more human-like, based on the mental models and skills of human
drivers.

Regardless of the limitations mentioned previously, this research provides new and valuable
insights into the development of young drivers’ situation awareness and hazard perception skills,
and highlights the contribution of uncertainty to driving task information processing
requirements (and thus driving difficulty). These findings could assist in reducing novice driver
crash risk if applied to improving driver training and may also have potential applications in
vehicle automation and in-vehicle information system design, where issues of driver mental
workload and task-sharing are critical.
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Appendix 1: Pilot Study Material
Pilot Study Instruction Sets
Concise instructions:
The purpose of this experiment is to investigate how novice drivers’ perceptions of the roadtraffic environment change as their amount of driving experience increases. This experiment is
the first in a series of studies that will use different investigation methods. In this one,
participants will be asked to provide a continuous commentary as they are driven by the
experimenter around a set route.

As I drive the car around the route, please describe the things or situations that you see during
this trip that you think a good driver would notice while they are driving.

While it is not possible to describe every single thing that you see, it is important for you to
describe as many as possible of the things that you a good driver would notice.

Detailed instructions:
The purpose of this experiment is to investigate how novice drivers’ perceptions of the roadtraffic environment change as their amount of driving experience increases. This experiment is
the first in a series of studies that will use different investigation methods. In this one,
participants will be asked to provide a continuous commentary as they are driven by the
experimenter around a set route.

As I drive the car around the route, you will see many things or situations that would be relevant
if you were driving this car. Please describe (in as much detail as you have time for) the things
that you see that you think a good driver would notice while they are driving.
While it is not possible to describe every single thing that you see, it is important for you to
describe as many as possible of the things that you a good driver would notice.
Extra Instructions (used if the subject requested clarification):
If subjects are unsure what to do/distressed at the impossibility of reporting everything:
It is not possible to describe every single thing that you see. Try to relax and just describe things
as they occur to you, covering as much as seems feasible.
If subjects are concerned/anxious about what is wanted:

There are no right or wrong answers for this exercise – just provide a running commentary that
says what things you think a good driver would notice.
1

The Pilot Study Routes
Route 1

2

3

Route 2

4

5

Data Coding Hierarchy Used in Pilot Study
Coding tree overview: High-level coding topics
Top of tree

Free nodes

Demographics

subject
experimental group
route
instruction set
time of day
sex
age
education
driers’ licence type
driving experience
trip

Commentary segment

practice route
experimental route
debrief

Commentary content

road geography
roadside geography
road users
driving
visual
commentary issues

1

Full Coding tree: All topics
Demographics

subject

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

experimental group

group 1
group 2
group 3
group 4

route

route 1
route 2

instruction set

concise
instructions
verbose
instructions

time of day

daytime
night time

sex

female
male

2

age

age 18
age 19
age 20
age 21
age 22
age 25
age 28

education

secondary
undergraduate
postgraduate

drivers' licence type

unlicensed
learner
probationary
full licence
full license plus

driving experience

inexperienced
experienced

Trip sequence

first trip
second trip

commentary segment

practice route
experimental route
debrief

commentary content

road geography

intersections

roundabouts
traffic lights
roads entering this one
this road becomes a t-junction
cross-roads

road shape

curves

3

intersection traffic lights
traffic light sequence
red light cameras
straight
gentle curves

moderately sharp curves
very sharp curves

road signs

width

wide road
narrow road
road becoming wider
road becoming narrower

topography

flat level road
gently rising or descending
road
hilly or undulating road
very steep road

speed limits
stop signs
give way signs
children crossing signs
pedestrians crossing signs
aged folk crossing signs
navigation signs
road works signs
traffic flow control signs
intersection ahead signs
bicycle signs
no parking or no standing signs
road narrows signs
road curves ahead signs
road surface signs
fire warning signs
other road user signs
neighbourhood watch signs
traffic lights ahead signs
roundabouts ahead signs
hospital, police or school signs
other signs
unspecified signs
unreadable signs
absence of signs

4

commentary content (cont.)

roadside geography

road character
lane layout
Line markings
road furniture
road surface
kerbs and edges
bus stops
bike lanes
driveways
turnouts
pedestrian crossings
school crossings with lights
debris on road
shopping trolleys
accident or fatality markers
road work
road design
speed humps
hollows, drains and holes in the
road
nothing to report
bridges
fences
steep edges
fire hydrants
paths
car parks off road
power poles or cables
open spaces and parks
roadside trees or shrubbery
creeks or rivers
lots of shops
specific roadside buildings
schools
petrol stations
fast food outlets

rural
suburban
commercial
residential
car parks
major road
minor road

pedestrian crossings with lights
pedestrian crossings without lights

road goes over bridge
road goes near bridge

5

hospitals
rubbish bins
nice view!
reflectors
signs, flags and markers
postboxes & telephone boxes
houses
road users

roadside reflectors
Cats’ eyes
unspecified reflectors
no reflectors

other vehicles

vehicles ahead of me on my side
vehicles behind me on my side
vehicles approaching on the other
side of the road
vehicles on my side
vehicles on either side of me going
my way
vehicle turning across ahead of us
vehicles entering road
traffic along a road one is trying to
enter
vehicles off the road
vehicles travelling across an
intersection ahead
vehicles ahead of me going both
ways
vehicles to the left
vehicles to the right
vehicles off in the distance
vehicles ahead but side of the road
unspecified
vehicles whose location is
unspecified
indicating vehicles
potential vehicles
absence of vehicles
parked vehicles
other drivers in genera

cyclists

potential cyclists

6

potential parked vehicles
actual parked vehicles
absence of parked vehicles

actual cyclists
absence of cyclists
buses

potential buses
actual buses
absence of buses

road users on foot

pedestrians

potential pedestrians
actual pedestrians
absence of pedestrians

potential ped behaviour
actual ped behaviour

commentary content (cont.)

road users (cont.)

driving

children

potential children

potential kid behaviour
actual kid behaviour

animals

actual children
children/absence of children
actual animals
potential animals
absence of animals

traffic flow

road clear
road impeded
heavy traffic
light traffic

driving strategy

detailed rationales
forward planning
navigation
critique of my driving technique
critique of other drivers' driving
technique
road signs as helpful guidance
consideration for other drivers

traffic planning
pedestrian planning
road planning
driving planning

driving tactics

manoeuvring

entering the road
turning right
turning left

7

doing a u-turn
speeding up
slowing down
preparing to stop
stopping
waiting at traffic lights
starting away after
stopping at lights
travelling through an
intersection
just going steadily forward
distance from car in front
positioning in lane
changing lanes
merging with other lanes
overtaking
avoiding other obstacles
avoiding parked cars
using indicators
gear selection
brake use
what I'd do here is....
When I'm driving my own
car...
X told me I should...
attention deployment

speed choice
stuff in car
car operation
rear vision mirrors

8

I tend to pay attention
to....
I am paying attention to...
I forget to attend to...
I should be attending to...
I don't need to attend to...
X... no, Y
I wish I had a rear view
mirror
checking your mirrors

headlight glare in mirror
noises

commentary content (cont.)

driving (cont.)

road rules

right of way
new road rules

environmental influences

time of day
weather
subject state

difficulty

steering demand
visual demand
consequences of error
vehicle limitations
history of accidents
difficulty due to other traffic
other forms of difficulty
not difficult
negative affect

visual

visibility
street lights
own vehicle lights
other vehicle lights
glare
building lights
other lights

9

noises/noises outside
vehicle
noises/noises inside
vehicle

because I'm
inexperienced...
subject fatigue
if I were in their shoes...

low light levels
physical obstructions to vision
subject's vision
can't see round corners or over hills
Lighting ok
I can see clearly now
poor visibility due to weather
conditions
too far away to see clearly
grotty windscreen

commentary issues

Free nodes

audibility
uncertainty re what to report
choosing what to report
forgetting to report stuff
avoiding repetition in commentary
passenger vs driver position
what people attend to reflects
their experience
what I'm talking about
the instructions
the task
the route
query re results availability

visibility relating to colour or contrast

hidden aspects to instructions
variety in route
comparing first route to second route

neat quotes for use in
the write-up
unclear remarks

10

High-level aggregated coding categories used in Pilot Study
New aggregated coding category
alltfclt

Low-level categories constituting new aggregated
category
traffic lights

all traffic light related nodes

intersection traffic lights
traffic light sequence
redlight cameras

intsctns

roads entering this one

intersections not mentioning traffic
lights

this road becomes a t-junction
cross roads
roundabouts

allint

traffic lights

all intersections & all actual traffic
lights

intersection traffic lights
roads entering this one
this road becomes a t-junction
cross roads
roundabouts

Nousers
all nodes commenting on absence of
some class of road user

absence of vehicles
absence of cyclists
absence of parked cars
absence of buses
absence of pedestrians
absence of children
absence of animals

Roadchar

rural

all nodes describing the general road
character

residential
commercial
suburban

othveh

vehicles ahead of me on my side

all mentions of actual other vehicles,
excepting bicycles and buses

vehicles approaching on the other side of the road
vehicles on my side
vehicles on either side of me going my way
vehicle turning across ahead of us
vehicles entering road
traffic along a road one is trying to enter
vehicles off the road
vehicles travelling across an intersection ahead
vehicles ahead of me going both ways
vehicles to the left

1

vehicles to the right
vehicles off in the distance
vehicles ahead but side of the road unspecified
vehicles whose location is unspecified
indicating vehicles
parked vehicles
vehcross

vehicle turning across ahead of us

vehicles crossing my path ahead of me

vehicles travelling across an intersection ahead
traffic along a road one is trying to enter

kids

actual children

all references to children

potential children
absence of children

behav

actual pedestrian behaviour

all references to behaviour of nondrivers

potential pedestrian behaviour
actual kid behaviour
potential kid behaviour

animals

potential animals

all animal nodes

actual animals
absence of animals

crit

critique of my driving technique

driving critique

critique of other drivers’ driving technique
if I were in their shoes…

Allsigns

all roadsign nodes

hiapsgns

speed limits

high action potential signs

stop signs
give way signs
traffic flow control signs

loapsgns

children crossing signs

(low action potential signs – these are
mostly items that are irrelevant to a
driver, or for low-probability (at that
time of day) road users)

pedestrian crossing signs
aged folk crossing signs
bicycle signs
no parking or no standing signs
fire warning signs
other road user signs
neighbourhood watch signs
hospital, police or school signs

Lomedap

loapssngs
mdapsgns

Himedap

hiapsgns
mdapsgns

loredsgn

speed limits

low redundancy signs

stop signs
2

give way signs
hiredsgn

children crossing signs

highly redundant signs

pedestrians crossing signs
aged folk crossing signs
bicycle signs
other road user signs

irrelsgn

no parking signs

signs irrelevant to driving task

neighbourhood watch signs
fire warning signs

Roadside

all nodes in “roadside geography” subtree

rdsdblt

road goes over bridge

built roadside environment

road goes near bridge
paths
car parks off road
lots of shops
specific roadside buildings
schools
petrol stations
fast food outlets
hospitals
houses

rdsdnat

steep edges

natural roadside environment

open spaces and parks
roadside trees and shrubbery
creeks or rivers
nice view!

rdsdstf

fences

specific roadside items (as opposed to
buildings and constructions)

rubbish bins
roadside reflectors
unspecified reflectors
signs, flag and markers
postboxes and telephone boxes

allreflec

roadside reflectors

all references to on-road or roadside
reflectors

cats’ eyes
unspecified reflectors
no reflectors

attn

I tend to pay attention to…

all attention deployment nodes

I am paying attention to…
I forget to attend to…
I don’t need to attend to…
X…no, Y

actattn

I am paying attention to..
3

current attention deployment

X…no, Y

metattn

I tend to pay attention to…

meta-comments about attention
deployment

I forget to pay attention to…
I should be attending to…
I don’t need to attend to…

flow

road clear

all nodes in traffic flow subtree

road impeded
heavy traffic
light traffic

traffic

heavy traffic

specific references to traffic flow

light traffic

impede

road clear

specific references to the road
impedance

road impeded

plan

detailed rationales

planning in advance

traffic planning
pedestrian planning
road planning
driving planning

mobplan

traffic planning

planning for mobile hazards

pedestrian planning
driving planning

statplan

road planning

planning for static things in the
environment

navigation

genplan

detailed rationales

general planning and strategy

road signs as helpful guidance
consideration for other drivers

simpman

turning right

simple basic manoeuvres

turning left
speeding up
slowing down
preparing to stop
stopping
waiting at traffic lights
starting away after stopping at lights
travelling through an intersection
just going steadily forward

compman

entering the road

more complex manoeuvres

doing a u-turn
changing lanes
merging with other lanes
overtaking
4

avoiding other obstacles
avoiding parked cars
allman

entering the road

all driving manoeuvres

turning right
turning left
doing a u-turn
speeding up
slowing down
preparing to stop
stopping
waiting at traffic lights
starting away after stopping at lights
travelling through an intersection
just going steadily forward
changing lanes
merging with other lanes
overtaking
avoiding other obstacles
avoiding parked cars

diff

steering demand

all nodes in difficulty subtree

visual demand
consequences of error
vehicle limitations
history of accidents
difficulty due to other traffic
other forms of difficulty
not difficult
negative affect

taskdem

steering demand

difficulty inherent in the driving task
itself

visual demand
difficulty due to other traffic
other forms of difficulty

Comment

all commentary issues nodes

allvisib

visibility

all nodes relating to ease or difficulty of
visibility

visual demand
low light levels
visibility relating to colour or contrast
physical obstructions to vision
subject’s vision
can’t see round corners or over hills
lighting ok
I can see clearly now
5

poor visibility due to weather conditions
too far away to see clearly
grotty windscreen
glare
lites

street lights

references to actual lights

own vehicle lights
other vehicle lights
building lights
other lights

Rdgeog

all nodes in road geography tree

Shape

all nodes in road shape subtree

topog

flat level road

road topography

gently rising or descending road
hilly or undulating road
steep road

crossing

pedestrian crossings with lights

pedestrian & school crossings

pedestrian crossings without lights
school crossings with lights

rdwidth

wide road

road width

narrow road
road becoming narrower

curving

curves

nodes relating to road curvature

straight
gentle curves
moderately sharp curves
very sharp curves

sfc

lane layout

nodes relating to road surface features

road surface
line markings
road furniture
kerbs and edges
debris on road
cats’ eyes
speed humps
hollows, holes & drains in road

vehmov

vehicles ahead of me on my side

nodes relating to moving vehicles
including buses and bicycles

vehicles behind me on my side
vehicles approaching on the other side of the road
vehicles on my side
vehicles on either side of me going my way
vehicles on my side
vehicles turning ahead of us
6

vehicles entering road
traffic along a road one is trying to enter
vehicles travelling across an intersection ahead
vehicles ahead of me going both ways
vehicles to the left
vehicles to the right
vehicles off in the distance
vehicles ahead whose location is unspecified
indicating vehicles
actual cyclists
actual buses
vehstat

vehicles off the road

non-moving vehicles

actual parked vehicles

vehah

vehicles ahead of me on my side

vehicles in front

vehicles approaching on the other side of the road
vehicles turning across ahead of us
traffic along a road one is trying to enter
vehicles entering road
vehicles travelling across an intersection ahead
vehicles ahead of me going both ways
vehicles off in the distance

vehsd

vehicles on either side of me going my way

vehicles alongside us

vehicles to the left
vehicles to the right

vmyside

vehicles ahead of me on my side

all vehicles on my side of the rd

vehicles behind me on my side
vehicles on my side

allcyc

potential cyclists

all cyclist nodes

actual cyclists
no cyclists

allped

potential pedestrians

all pedestrian nodes

actual pedestrians
no pedestrians
potential ped behaviour
actual ped behaviour

allbus

potential buses

all bus nodes

actual buses
no buses

carctrl

indicating

vehicle control use

gear choice
brake use
car operation
7

checking your mirror
calib

what I’d do…

skill and performance calibration,
monitoring and comments

when I’m driving my own car…
I tend to pay attention to..
I forget to attend to…
I should be attending to…
I don’t need to attend to…
subject fatigue
If I were in their shoes…
passenger vs driver position

Allusers

all nodes in “road users” subtree

Alldrive

all nodes in the “driving” subtree

8

Appendix 2: Commentary Task - Coding Topic Tree
Notes
•
•

“Sources” = number of participants that mentioned this item during a commentary run
“References” = total number of comments for this item across all participants and commentary runs

Name

Sources

References

commentary
issues

31

55

Name

Sources

References

asking subject to speak louder or
clearer
avoiding repetition in commentary

2

2

2

2

cellphone is ringing

2

2

choosing what to report

1

1

forgetting to report stuff

2

2

I don't know how to describe or
explain that
is this thing recording

1

1

1

1

I've forgotten what I was talking
about
lots of things to mention here

3

3

1

1

maybe that was staged

1

1

me asking subject to say more

6

6

never mind, it was nothing

1

1

not saying much

5

5

passenger vs driver position

3

3

route changed due to roadworks

1

2

uncertainty re what to report

12

15

voice problems

2

2

what I'm talking about

2

2

why did I choose this route

1

1

1

Name
driving

Sources
119

References
2245

Name

Sources

References

Difficulty

60

143

Name

Sources

References

consequences of error

22

30

difficulty due to other traffic

3

4

difficulty of car operation

2

2

history of accidents

4

4

lane markings hard to interpret

1

1

not difficult

10

14

safety

31

54

Name

Sources

References

could be dangerous under other
circumstances
dangerous or negative affect

10

11

21

33

feeling safe

6

10

Name

Sources

References

steering demand

31

47

vehicle limitations

1

1

Name

Sources

References

driving strategy

99

568

Name

Sources

References

consideration for other drivers

24

35

2

Name

Sources

References

acting in a considerate manner

20

30

other drivers driving in a
considerate manner
other drivers driving
inconsiderately

5

5

2

2

Name

Sources

References

critique of my driving technique

5

5

critique of other drivers' driving
technique
detailed rationales

33

48

12

20

Name

Sources

References

this one time at band camp...
(storytelling)

5

5

Name

Sources

References

forward planning

85

418

Name

Sources

References

driving planning

67

144

Name

Sources

References

be extra careful because of X

36

62

Don't do X

3

3

ensuring we have enough space
to X
harder to plan far ahead in the
dark
we might need to do X

29

49

1

1

14

14

X doesn't apply to us

13

17

3

Name

Sources

References

road planning

44

93

Name

Sources

References

getting ready for X ahead

17

24

not sure what to expect ahead

6

6

road or roads laid out confusingly

2

3

There might be X ahead

32

50

we don't have to worry about X

12

14

Name

Sources

References

traffic planning

65

199

Name

Sources

References

anticipating other vehicles'
behaviour
be careful around bigger vehicles

1

1

4

4

cautious of being near that
vehicle
don't need to worry about X

7

7

17

24

ensuring other vehicles are
aware of us
in other circumstances they
might do X
taking extra care because other
vehicle is hard to predict
we should be ready for X

2

4

2

2

11

13

55

152

Name

Sources

References

general drive safely comments

3

3

navigation

6

9

4

Name

Sources

References

familiarity with the road

6

8

planning the route in advance

1

1

Name

Sources

References

road signs as helpful guidance

2

2

Name

Sources

References

driving tactics

115

1705

Name

Sources

References

attention deployment

51

134

Name

Sources

References

distractions

10

15

I am paying attention to...

34

63

I don't need to attend to...

2

2

I forget to attend to...

1

1

It'd be easy to miss X

1

1

looking further ahead than usual

2

2

low alertness

2

3

other driver's not paying attention

1

1

X... no, Y

12

17

Name

Sources

References

car operation

41

90

5

Name

Sources

References

avoiding stalls

1

1

comfortable seat position

1

1

demister

2

2

foot covering brake

4

11

gear choice

5

10

high beam operation

25

41

windscreen wipers

3

8

Name

Sources

References

manoeuvering

113

1360

Name

Sources

References

avoiding other obstacles

26

37

avoiding parked cars

44

88

changing lanes

32

37

distance from car in front

29

38

doing a u-turn

58

65

driving around a roundabout

31

65

entering the road

36

40

giving way

58

159

just going steadily forward

21

37

merging with other lanes

30

37

overtaking

3

3

passing another vehicle ahead of us

9

10

positioning in lane

55

102

preparing to stop

21

33

slowing down

63

222

speeding up

9

13

starting away after stopping at
lights
stopping

38

63

52

104

6

travelling through an intersection

35

75

turning into a car park

60

63

turning left

67

241

turning right

58

139

using indicators

18

33

waiting at traffic lights

18

23

waiting for a vehicle ahead to finish
doing X

18

35

Name

Sources

References

noises

7

7

Name

Sources

References

noises outside vehicle

7

7

Name

Sources

References

rear vision mirrors

12

18

Name

Sources

References

checking your mirrors

12

18

Name

Sources

References

speed choice

74

226

Name

Sources

References

check the speedo

4

5

don't know the speed limit here

3

4

drive at a safe speed

10

14

drive at the speed of surrounding
traffic
go faster

2

2

2

2

7

go slower than the speed limit

47

90

if we'd been driving too fast X
might have happened
it'd be safe to drive faster

1

1

2

2

stick to the speed limit

26

46

watch speed when going downhill

30

37

we are currently doing X kph

7

21

we're going fast

3

3

Name

Sources

References

environmental influences

64

187

Name

Sources

References

smells or odors

1

1

subject state

4

6

Name

Sources

References

being absent minded

1

2

more alert than usual

2

2

more experience is good because...

1

1

Name

Sources

References

thrown objects striking car

1

1

time of day

47

107

Name

Sources

References

day

6

10

night

33

74

other times of day (not now)

10

13

school hours

9

9

8

Name
road geography

Name

Sources

References

weather

34

80

Name

Sources

References

misty or foggy

2

3

rain

28

69

Name

Sources

References

if it were wet weather...

2

2

it has been raining

9

10

it's currently raining

5

10

it's not raining

5

5

rain on windscreen

1

1

water on the road

18

44

Name

Sources

References

sunny good conditions

2

2

windy conditions

5

7

Name

Sources

References

road rules

8

10

Name

Sources

References

are speed advisories legally binding

2

2

is u-turn there legal

3

3

Sources
121

References
4486

9

Name

Sources

References

access covers

1

3

accident or fatality markers

3

4

bridges

1

2

bus stops

34

124

debris on road

24

38

driveways

28

58

hollows, drains and holes in the
road
intersections

21

30

115

1677

Name

Sources

References

complex intersection

3

3

implicit

88

276

roads entering this one

98

518

roundabouts

99

364

this road becomes a t-junction

92

215

traffic lights

97

591

Name

Sources

References

don't accelerate through orange
lights
is the light orange or red

1

2

4

5

red light cameras

20

20

traffic light sequence

13

18

Name

Sources

References

lane layout

101

439

Name

Sources

References

bike lane

50

114

10

Name

Sources

References

absence of bike lane

5

5

Name

Sources

References

cut-ins or dedicated lanes for
parking
lane closed

10

14

2

2

lanes merge or decrease in number

79

136

no lanes marked

45

46

overtaking lane

4

4

turning lane

19

30

Name

Sources

References

Line markings

37

83

Name

Sources

References

no-parking yellow lines

1

1

not ok to overtake

33

73

OK to overtake

8

10

Name

Sources

References

nothing to report

15

23

pedestrian crossings

78

181

Name

Sources

References

pedestrian crossings with lights

67

135

pedestrian crossings without lights

42

46

Name

Sources

References

road character

108

168

11

Name

Sources

References

car parks

99

168

city-CBD

0

0

commercial

3

3

major road

49

101

minor road

18

26

residential

14

24

rural

22

33

suburban

10

12

the hills

30

35

Name

Sources

References

road furniture

14

20

road shape

112

1111

Name

Sources

References

curves

107

681

Name

Sources

References

curves, degree unspecified

84

238

gentle curves

33

36

moderately sharp curves

72

140

straight road

6

11

very sharp curves

65

161

windy road

62

128

Name

Sources

References

topography

81

324

Name

Sources

12

References

bumpy road

26

47

crest

41

81

flat and smooth

1

1

gently rising or descending road

1

1

going downhill

60

114

going uphill

35

58

hilly or undulating road

13

20

very steep road

15

31

Name

Sources

References

width

87

681

Name

Sources

References

narrow road

81

182

road becoming narrower

28

40

road becoming wider

4

4

wide road

19

32

Name

Sources

References

road signs

113

1822

Name

Sources

References

absence of signs

6

7

accident markers & signs

5

5

children crossing signs

29

42

curve arrow signs

15

25

didn't notice if there was a sign

4

4

end divided road sign

16

16

fire warning signs

1

1

give way sign ahead sign

5

5

13

give way signs

44

58

hospital or police signs

11

11

I don't know what that sign means

14

18

implicit

52

153

intersection ahead signs

40

70

keep left signs

21

49

lanes merge sign

30

46

mis-identified signs

4

7

navigation signs

18

37

no entry or road closed sign

8

8

no overtaking sign

39

39

no parking or no standing signs

7

11

no right turn signs

7

8

no through road signs

20

24

no u-turn signs

27

52

other signs

15

26

pedestrians crossing signs

33

46

road curves ahead signs

41

120

road narrows signs

26

31

road slippery sign

43

46

road works signs

19

25

roundabouts ahead signs

21

41

school zone signs

22

22

shared zone signs

8

8

speed limits

104

1102

Name

Sources

References

10

29

29

25

37

45

40

2

2

50

78

130

60

63

390

72

157

80

14

no sign so it's 50

11

14

speed advisories

84

327

unspecified

28

46

Name

Sources

References

stop sign ahead sign

11

11

stop signs

68

69

temporary road signs

1

1

traffic lights ahead signs

13

18

unreadable signs

1

1

`

unspecified signs

16

21

Name

Sources

References

road surface

29

48

Name

Sources

References

arrows painted on road

1

1

not good (reason unspecified)

2

4

other marks on road surface

1

2

poor traction

10

16

rough, patchy, uneven, lumpy

6

6

skid marks

3

3

traction ok

1

1

Name

Sources

References

road work

37

50

Name

Sources

References

water on the road (roadwork)

1

1

witches hats

8

8

Sources

References

Name

15

Name
road users

school crossings with lights

37

50

shopping trolleys

7

7

speed cameras or radar

20

21

Name

Sources

References

potential speed cameras or radar

2

2

Name

Sources

References

speed humps

9

9

Sources
119

References
2766

Name

Sources

References

age of driver

13

15

Name

Sources

References

elderly

2

2

Learners

10

11

P platers

2

2

Name

Sources

References

cyclists

33

47

Name

Sources

References

absence of cyclists

6

6

actual cyclists

14

17

potential cyclists

20

25

Name

Sources

References

other vehicle behaviour

119

2150

16

Name

Sources

References

absence of vehicles

45

139

checking for traffic

78

344

indicating vehicles

46

79

Name

Sources

References

vehicle not indicating when it
should

12

13

Name

Sources

References

other driver getting irate or abusive

1

1

other drivers in general

2

2

other vehicle's lane position

28

45

parked vehicles

110

604

Name

Sources

References

absence of parked vehicles

5

10

actual parked vehicles

109

567

Name

Sources

References

parked vehicle obstructing lane
ahead

34

55

Name

Sources

References

people getting into or out of parked
cars
potential parked vehicles

28

33

9

13

Name

Sources

References

potential vehicle scenarios

39

71

potential vehicles

27

45

17

reversing vehicles

29

36

slow-moving vehicle ahead of us

21

28

stationary vehicles with brake lights
on
traffic along a road one is trying to
enter
vehicle changing lanes in front of us

3

4

57

95

47

92

vehicle turning across ahead of us

25

45

vehicles ahead but side of the road
unspecified
vehicles ahead of me on my side

13

16

68

168

vehicles all around us

5

6

vehicles approaching on the other
side of the road
vehicles behind me on my side

100

464

40

72

Name

Sources

References

other vehicle following distance
behind us
vehicles passing me

11

14

10

11

Name

Sources

References

vehicles entering road

77

229

vehicles off in the distance

11

14

vehicles off the road

8

10

vehicles on a roundabout ahead of
us
vehicles on either side of me going
my way
vehicles slowing or stopping ahead
of us
vehicles to the left

62

116

28

53

58

109

29

50

vehicles to the right

34

59

vehicles travelling across an
intersection ahead

33

56

18

vehicles travelling faster than
expected
vehicles turning ahead of us

9

14

68

175

vehicles whose location is
unspecified

41

65

Name

Sources

References

road users on foot

106

607

Name

Sources

References

animals

49

78

Name

Sources

References

absence of animals

1

1

actual animals

29

49

potential animals

23

19

Name

Sources

References

children

50

87

Name

Sources

References

absence of children

16

16

actual children

14

18

Name

Sources

References

actual kid behaviour

5

5

Name

Sources

References

potential children

34

58

19

Name

Sources

References

potential kid behaviour

12

14

Name

Sources

References

pedestrians

103

498

Name

Sources

References

absence of pedestrians

24

54

actual pedestrians

91

307

Name

Sources

References

actual ped behaviour

70

149

actual ped scenarios

17

22

don't need to worry about those
peds
ped might do X

4

5

11

14

Name

Sources

References

police officers

0

0

potential pedestrians

60

158

Name

Sources

References

potential ped scenarios

35

56

Name

Sources

References

specific types of vehicle

85

291

Name

Sources

References

20

Name
roadside
geography

4 wheel drives

9

13

ambulances

12

12

buses

56

102

Name

Sources

References

absence of buses

2

2

actual buses

49

85

potential buses

12

16

Name

Sources

References

looks like a petrol head

3

4

motorcycles

15

16

police cars

10

10

posties

7

7

tractors & machinery

3

3

trailers

12

17

trucks & vans

60

145

Name

Sources

References

traffic flow

68

233

Name

Sources

References

heavy traffic

40

69

light traffic

27

49

moderate traffic level

3

3

road clear

22

86

traffic getting busier

20

29

Sources
84

References
428

21

Name

Sources

References

car parks off road

19

27

Name

Sources

References

lack of places to pull over

2

2

Name

Sources

References

creeks or rivers

5

6

ditch beside the road

2

2

farms

1

1

fast food outlets

7

9

fences

6

8

Name

Sources

References

absence of fences

2

2

Name

Sources

References

fire hydrants

1

1

hospitals

11

11

houses

18

25

kerbs and edges

45

72

Type

Name

Sources

References

guard rails

23

28

Name

Sources

References

absence of guard rails

5

5

22

Name

Sources

References

soft edges

20

24

steep edges

18

20

Name

Sources

References

nice view!

13

18

open spaces and parks

14

19

paths

10

11

petrol stations

8

8

postboxes & telephone boxes

1

2

power poles or cables

2

2

pubs & restaurants

18

24

reflectors

12

20

Name

Sources

References

Cats’ eyes

3

3

no reflectors

1

1

roadside reflectors

11

17

unspecified reflectors

1

1

Name

Sources

References

roadside trees or shrubbery

26

56

rock falls

2

3

rubbish bins

12

18

schools

26

28

shopping centre

35

63

shops

17

30

signs & posters

3

7

specific roadside buildings

10

14

townships

7

7

23

Name
visual

Sources
97

References
570

Name

Sources

References

glare

24

36

lights

56

176

Name

Sources

References

building lights

3

3

other lights

3

4

other vehicle lights

41

85

Name

Sources

References

faulty brake lights or indicators

3

4

hazard lights

6

7

other vehicle flashing lights

5

5

other vehicle high beam

12

16

other vehicle reflectors

2

2

Name

Sources

References

own vehicle lights

14

19

street lights

34

74

Name

Sources

References

no street lights

32

50

Name

Sources

References

visibility

92

453

24

Name

Sources

References

blind spot

16

21

Name

Sources

References

checking blind spot

9

12

not in my blind spot

2

2

vehicle in our blind spot

5

5

we're in other vehicle's blind spot

2

2

Name

Sources

References

can see further ahead due to other
vehicle's lights
can see more during daylight

5

10

1

2

can't see round corners or over hills

62

174

foggy windows

1

1

hard for other vehicles to see me

8

12

hard to judge distance in the dark

2

2

hard to judge size of vehicle in the
dark
I can see clearly now

1

1

5

6

Lighting ok

8

13

low light levels

45

157

motorbikes less visible than cars

1

1

peds with reflective shoes

1

1

physical obstructions to vision

30

51

poor visibility due to distance

1

1

poor visibility due to low sun angle

7

8

poor visibility due to weather
conditions
shadowed areas

1

1

2

2

25

Name

Sources

References

deceptive shadows

1

1

Name

Sources

References

tendency to tunnel vision at night

1

1

too far away to see clearly

1

1

visibility ok

12

17

visibility poor, reason unspecified

9

12

visibility relating to colour or
contrast

7

9

Name

Sources

References

visual complexity

2

2

26

Appendix 3: HP Task - Reasons-For-Pausing Coding Topic Tree
Name
beware of wildlife
rain
reason unclear
right-of-way unclear
road or area with a history of crashes
we might block others' access to a side road
we swerved on the wheel
we're changing lanes
wheelie bin
other vehicles

Sources
2
36
1
11
1
1
1
4
2
60

References
2
45
1
12
1
1
1
4
2
530

Name
approaching vehicle indicating or turning across ahead of us
be aware of oncoming traffic in general
bicycle
Bus near us has right of way
bus pulling out in front of us
Bus slowing or stopping near us
buses are unpredictable, be careful
cautious around emergency vehicles
large vehicle ahead of us blocking view of road
large vehicle so be cautious
lots of traffic
L-plater bus
oncoming traffic & narrow road
other vehicle not giving way when they should
Police (no further detail specified)
Police = possible hazard
potential approaching vehicles on our side of the road
slow-moving or braking vehicle(s) ahead of us
vehicle ahead of us actually turning left
vehicle ahead of us actually turning right or doing u-turn
vehicle ahead poor lane positioning
vehicle ahead with faulty brake lights or indicators
vehicle entering road ahead of us from side street or driveway
vehicle in another lane may pull out in front of us
vehicle in lane ahead of us indicating to turn
vehicle in lane alongside us so don't change lanes now
vehicle near us changing lane across in front of us
vehicle not indicating when it should
vehicle on side road may turn across our path
vehicle overtaking or passing us
vehicle pulling out in front of us from the roadside
vehicle with hazards lights on
Name
parked vehicles

Sources
43

References
46
3
1
21
7
16
1
9
26
3
17
22
1
13
8
23
3
93
11
11
3
2
67
25
32
8
25
18
3
7
2
3

Sources
12
3

References
16
4

References
106

Name
parked car - allow sufficient clearance near it
parked vehicle - could hide peds waiting to step out into road
1

Sources
32
3
1
18
7
15
1
9
20
3
11
22
1
10
7
21
3
26
11
8
3
2
44
19
19
6
16
12
3
5
2
3

Parked vehicle - could pull out
parked vehicle on our side indicating to enter road
parked vehicle pulling out into traffic without indicating
parked vehicle reversing into traffic
parked vehicle with peds getting into or out of it
vehicle parked too close to intersection
watch for parked cars in case we have to avoid them

11
31
1
3
10
1
1

17
51
1
3
12
1
1

Sources
14
61
34
37
5

References
21
344
63
79
5

Sources
1
4
4
1
1
6
6
2
9
1
1
4
1
7
6

References
1
6
5
1
1
8
8
2
12
1
1
5
1
11
6

Name
approaching vehicle indicating or turning across ahead of us
be aware of oncoming traffic in general
oncoming traffic & narrow road
potential approaching vehicles on our side of the road
52
293

Sources
32
3
1
3

References
46
3
1
3

Name
intersections

Sources
39

References
95

Name
pedestrians

Sources
61

References
512

Name
lots of peds all around
ped crossing in front of us
ped on sidewalk who might step into road
peds standing on the road near parked vehicle
watch out for potential peds
Name
We should do X

Sources
30

References
69

Name
driver hasn't got both hands on the steering wheel
our lane position is poor
pay extra attention to our lane position
turn down high beams to not blind oncoming cars
we need to put our high beams on
we should give way to them
we should have stopped sooner
we should indicate when turning
we should slow down
we should turn our headlights on
we should turn our windscreen wipers on
we're driving too close to the vehicle in front
we're going fast so be careful and alert
we're going too fast
we've stopped too close to the car in front
Name
approaching traffic on the other side of the road

road geography

Sources
32

References
53

Sources
16
21
11
16
1
5

Name
chicane or complex intersection
intersection ahead, watch out for cars
side road that might have a vehicle about to enter our road from it
traffic light is red
traffic lights ahead
traffic lights could turn red
Name
lane layout

Sources
5
Name

References
6
Sources

2

dotted line so watch for potential overtaking vehicles
double lines down centre of road - no overtaking
lane layout (general comments)
multi-lane road = more cars to be aware of
Name
pedestrian crossing with lights
pedestrian crossing without lights
road furniture
road shape

1
2
2
1
Sources
3
15
2
27

References
3
19
2
45

Name
Bendy road
road is narrow
road narrows ahead
very tight bend
Name
road signs

Sources
13
6
2
13
Sources
33

References
74

Name
absence of road sign
Give way sign
road curves ahead sign
road sign is hard to read
speed limit or advisory
stop sign
Name
road surface bumpy
road surface wet and or slippery
rocky outcrop at side of the road
speed bump
things in our lane ahead that we could have to slow
61
557
or stop for
Name
Bus slowing or stopping near us
bus stop = bus may stop
car park ahead, could slow traffic nearby
intersection ahead, watch out for cars
other vehicle not giving way when they should
ped crossing in front of us
slow-moving or braking vehicle(s) ahead of us
vehicle ahead of us actually turning left
vehicle ahead of us actually turning right or doing u-turn
vehicle in lane ahead of us indicating to turn
things that impinge (or might impinge) on our lane
61
745
Name
bus pulling out in front of us
lots of peds all around
other vehicle not giving way when they should
parked vehicle - could hide peds waiting to step out into road
Parked vehicle - could pull out
parked vehicle on our side indicating to enter road
parked vehicle pulling out into traffic without indicating
parked vehicle reversing into traffic
parked vehicle with peds getting into or out of it
ped crossing in front of us
ped on sidewalk who might step into road
peds standing on the road near parked vehicle
3

Sources
1
12
20
6
17
4
Sources
2
20
3
9

References
2
27
3
17

Sources
15
3
2
21
10
61
26
11
8
19

References
16
3
3
31
13
344
93
11
11
32

Sources
7
14
10
3
11
31
1
3
10
61
34
37

References
7
21
13
4
17
51
1
3
12
344
63
79

visibility issues

potential approaching vehicles on our side of the road
vehicle entering road ahead of us from side street or driveway
vehicle in another lane may pull out in front of us
vehicle near us changing lane across in front of us
vehicle on side road may turn across our path
vehicle pulling out in front of us from the roadside
watch out for potential peds
53
154

3
44
19
16
3
2
5

3
67
25
25
3
2
5

Name
can't see round bend
fog + high beams = horrible
glare from street and or shopfront lights
hard to distinguish btwn traffic lights and street lights
headlight glare from approaching cars
I can't see any reflections on the road surface
large vehicle ahead of us blocking view of road
parked vehicle - could hide peds waiting to step out into road
poor visibility
road sign is hard to read
we need to put our high beams on
we should turn our headlights on

Sources
14
2
1
1
8
1
20
3
47
6
1
1

References
16
2
1
1
8
1
26
4
87
6
1
1

Notes
•
•
•

orange = amalgamated node, yellow = node incorporated into amalgamated node above
“Sources” = number of participants that mentioned this item in relation to one (or more) video
clips
“References” = total number of comments for this item across all participants and video clips
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Appendix 4: Hazard Perception Task Theme and Topic Coding
Counts – Locations 1-6 only
Total numbers of comments for each of the nine main hazard categories and for each of their
main constituent topics (some topics are shown in more than one category), separately for day
and night (Locations 1-6).

Topic
Other vehicles
Slow-moving or braking vehicle(s) ahead of us
Vehicle entering road ahead of us from side street or driveway
Large vehicle ahead of us blocking view of road
L-plater bus
Bus near us has right of way
Vehicle in another lane may pull out in front of us
Vehicle near us changing lane across in front of us
Bus slowing or stopping near us
Vehicle not indicating when it should
Vehicle in lane ahead of us indicating to turn
Approaching vehicle indicating or turning across ahead of us
Lots of traffic
Vehicle ahead of us actually turning left
Cautious around emergency vehicles
Vehicle in lane alongside us so don't change lanes now
Bus pulling out in front of us
Vehicle overtaking or passing us
Other topics

Day
195
24
7
20
22
21
8
18
15
12
3
5
5
1
8
2
7
3
14

Night
119
19
35
5
0
0
13
2
0
1
9
4
4
8
0
6
0
4
9

Total
314
43
42
25
22
21
21
20
15
13
12
9
9
9
8
8
7
7
23

Things that impinge (or might impinge) on our lane
Pedestrian crossing in front of us
Pedestrians standing on the road near parked vehicle
Vehicle entering road ahead of us from side street or driveway
Parked vehicle on our side indicating to enter road
Pedestrian on sidewalk who might step into road
Vehicle in another lane may pull out in front of us
Vehicle near us changing lane across in front of us
Parked vehicle - could pull out
Bus pulling out in front of us
Lots of pedestrians all around
Other topics

128
3
50
7
2
13
8
18
6
7
2
12

146
48
1
35
24
10
13
2
4
0
5
4

274
51
51
42
26
23
21
20
10
7
7
16

Road geography
Intersections
Road signs
Road shape
Road curves ahead sign
Intersection ahead, watch out for cars
Road surface wet and or slippery
Speed limit or advisory
Chicane or complex intersection
Very tight bend
Side road that might have a vehicle about to enter our road from it
Traffic light is red
Bendy road
Traffic lights could turn red
Topic
Road is narrow
Road sign is hard to read
Other topics

141
58
29
27
15
12
15
12
13
12
11
15
9
6
Day
4
0
22

84
30
29
15
13
15
8
9
6
6
5
0
6
4
Night
3
6
3

225
88
58
42
28
27
23
21
19
18
16
15
15
10
Total
7
6
25

Things in our lane ahead that we could have to slow or stop for

65

105

170

1

Pedestrian crossing in front of us
Slow-moving or braking vehicle(s) ahead of us
Intersection ahead, watch out for cars
Bus slowing or stopping near us
Vehicle in lane ahead of us indicating to turn
Vehicle ahead of us actually turning left
Other topics

3
24
12
15
3
1
7

48
19
15
0
9
8
6

51
43
27
15
12
9
13

Visibility issues
Poor visibility
Large vehicle ahead of us blocking view of road
Can't see round bend
Other topics

41
7
20
12
2

94
67
5
4
18

135
74
25
16
20

Pedestrians
Pedestrian crossing in front of us
Pedestrians standing on the road near parked vehicle
Pedestrian on sidewalk who might step into road
Lots of pedestrians all around
Watch out for potential pedestrians

69
3
50
13
2
1

65
48
1
10
5
1

134
51
51
23
7
2

Parked vehicles
Parked vehicle on our side indicating to enter road
Parked car - allow sufficient clearance near it
Parked vehicle - could pull out
Other topics

22
2
9
6
5

34
24
4
4
2

56
26
13
10
7

We should do X
We're going too fast
We should slow down
Our lane position is poor
We've stopped too close to the car in front
Other topics

28
2
6
5
6
9

26
9
3
1
0
13

54
11
9
6
6
22

Approaching traffic on the other side of the road
Approaching vehicle indicating or turning across ahead of us
Potential approaching vehicles on our side of the road
Be aware of oncoming traffic in general

8
5
2
1

6
4
1
1

14
9
3
2

Topics not included in any of the 9 hazard categories
Rain
Right-of-way unclear
We're changing lanes
Wheelie bin
We swerved on the wheel
Reason unclear
We might block others' access to a side road

17
7
7
0
2
0
1
0

40
36
0
3
0
1
0
0

57
43
7
3
2
1
1
0

2

Appendix 5: Rasch Analysis
Authors: Peter Congdon & Wendy Macdonald

Measurement Model
The model used to analyse the data from this study was a multifaceted version of the Rasch
model, as implemented in the software ConQuest (Wu, Adams & Wilson, 1996). The ConQuest
software produces estimates of all terms and elements in a common metric (logits) and a variety
of commonly used fit statistics.

The label term is used to describe a group of components, e.g. time (day, night) and scenario (12
video clips comprising 6 day-night pairs of locations). The label element is used to identify
components of the term, e.g. Scenario 1, Scenario 2, Scenario 3 etc.

The terms that were modelled in the analysis were:
•

personal capability

•

time condition

•

scenario characteristics (driving task demands, sources of risk)

•

a rating scale made up of four ordered steps representing increasing scores on the
underlying difficulty/risk dimension(s). It was intended that the structure of the rating
scale remain constant across these terms.

The model used was:

 P 
ln  nkij   Bn   Tk  Di  S j 
P

 nkij1 

(1)

where:
Pnkij

= Probability of person n scoring j on scenario i under conditions of time k

Pnkij1

= Probability of person n scoring rated j-1 on scenario i under conditions of time k

Bn

= Personal capability n

Tk

= Condition of time k

Di

= Scenario i characteristics – Driving task demands and sources of risk

Sj

= Score difference for step j relative to step j-1.
1

This model was applied to all the data.

The application of this model provides an estimate of each element’s relative value (in logit
units), with the mean for each term set to zero. Each element’s estimate is provided in the table
below, along with its standard error. The Time term has two elements Day (1) and Night (2). The
negative estimate (-0.164 – yellow-highlighted in the Term 1 table below) for the Day element
represents lower scores for responses under this condition (i.e. lower difficulty/risk). The
Scenario term has 12 elements (video clips 1-12). The element with the lowest estimate is
Scenario 1 (-0.666 – yellow-highlighted in the Term 2 table below). This element represents the
Scenario presenting least difficulty/risk. The estimate for Scenario 1 under conditions of Time 1
is the sum of these two values – that is, -0.830.

The logit values used as the unit of measurement are interval in nature. The propensity of an
element to measure personal capability in a way that is consistent with the other elements is
presented here in the form of fit statistics. These fit statistics are presented as weighted and
unweighted mean square residuals (MNSQ), along with 95 per cent confidence intervals (CI), and
as normalized T values (T). Fit statistics that are relatively large or small provide an indicator of
elements that are not functioning in a way that is consistent with the other elements.

Data
Participants’ response data were coded into the following 5 response categories representing
ordered increases in difficulty/risk score: responses from 0 to <5 = 0; 5 to <10 = 1; 10 to <20 = 2;
20 to <30 = 3; 30+ =4.
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TABLES OF RESPONSE MODEL PARAMETER ESTIMATES
TERM 1: (-)time
-----------------------------------------------------------------------------------------VARIABLES

UNWEIGHTED FIT

--------------time

ESTIMATE

ERROR

WEIGHTED FIT

-----------------------

-----------------------

MNSQ

MNSQ

CI

T

CI

T

-----------------------------------------------------------------------------------------1

1

2

2

-0.164

0.027

0.164*

1.02 ( 0.65, 1.35)

0.2

1.03 ( 0.62, 1.38)

0.2

1.04 ( 0.65, 1.35)

0.3

1.05 ( 0.63, 1.37)

0.3

-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
Separation Reliability Not Applicable
Chi-square test of parameter equality =

35.83,

df = 1

================================================================================
TERM 2: (-)scenario
-----------------------------------------------------------------------------------------VARIABLES

UNWEIGHTED FIT

--------------scenario

ESTIMATE

ERROR

WEIGHTED FIT

-----------------------

-----------------------

MNSQ

MNSQ

CI

T

CI

T

-----------------------------------------------------------------------------------------1

1

-0.666

0.100

0.94 ( 0.65, 1.35) -0.3

1.06 ( 0.60, 1.40)

2

2

0.297

0.087

0.91 ( 0.65, 1.35) -0.5

0.86 ( 0.64, 1.36) -0.7

3

3

-0.361

0.092

0.99 ( 0.65, 1.35)

1.02 ( 0.62, 1.38)

4

4

-0.227

0.090

0.80 ( 0.65, 1.35) -1.2

0.90 ( 0.63, 1.37) -0.5

5

5

-0.421

0.094

1.15 ( 0.65, 1.35)

0.8

1.13 ( 0.61, 1.39)

0.7

6

6

-0.487

0.095

1.10 ( 0.65, 1.35)

0.6

1.12 ( 0.61, 1.39)

0.7

7

7

-0.112

0.088

0.77 ( 0.65, 1.35) -1.3

0.85 ( 0.63, 1.37) -0.8

8

8

0.671

0.089

0.68 ( 0.65, 1.35) -1.9

0.69 ( 0.64, 1.36) -1.9

9

9

0.370

0.087

0.78 ( 0.65, 1.35) -1.2

0.78 ( 0.64, 1.36) -1.3

10

10

0.410

0.087

1.03 ( 0.65, 1.35)

0.2

1.07 ( 0.65, 1.35)

0.4

11

11

0.363

0.086

0.95 ( 0.65, 1.35) -0.2

1.04 ( 0.64, 1.36)

0.3

12

12

0.164*

0.71 ( 0.65, 1.35) -1.8

0.71 ( 0.64, 1.36) -1.7

0.0

0.4

0.1

-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
Separation Reliability =

0.959

Chi-square test of parameter equality =

240.80,

df = 11,

Sig Level = 0.000

================================================================================

TERM 3: step
-----------------------------------------------------------------------------------------VARIABLES

UNWEIGHTED FIT

--------------step

ESTIMATE

ERROR

WEIGHTED FIT

-----------------------

-----------------------

MNSQ

MNSQ

CI

T

CI

T

------------------------------------------------------------------------------------------

3

0

1.62 ( 0.65, 1.35)

3.0

1.57 ( 0.61, 1.39)

2.5

1

-0.394

0.086

1.74 ( 0.65, 1.35)

3.4

1.97 ( 0.63, 1.37)

4.1

2

-0.565

0.088

1.03 ( 0.65, 1.35)

0.2

1.10 ( 0.63, 1.37)

0.6

3

0.780

0.100

1.08 ( 0.65, 1.35)

0.5

1.30 ( 0.58, 1.42)

1.4

4

0.178*

1.66 ( 0.65, 1.35)

3.2

1.65 ( 0.54, 1.46)

2.4

-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained

================================================================================
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES
================================================================================
Terms in the Model (excl Step terms)

-time

-scenario
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Each 'X' represents

0.5 cases

===============================================================
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Separation Reliability
For the set of parameters associated with each term in a model, ConQuest computes a
separation reliability index. This reliability is an index of the equality of the parameters. A test of
significance is provided by an accompanying chi-squared value.

If  1 ,  2 , T is the set of parameters associated with a term in the model,  1 ,  2 ,  T are the
estimated values of those parameters,  1 ,  2 ,  T are the estimated error variances for the
parameter estimates, and  • is the mean of the estimated parameters, then the variance of the
parameter estimates for the term is
s





2
1 T 
 i   • .
T  1 i 1

The separation reliability is then defined as

s

T

 

i

i 1

R

s

and the chi-squared value as

X

 i2
.


i 1  i
T

Scenario separation reliability results are shown in Table 2. These values indicate that
difficulty/risk of the 12 scenario estimates were significantly different from each other.

Stability of Scenario by Time condition
The Scenario estimates are different under the two time conditions. The average difference is
represented by the Time estimates, -0.164 for Day and 0.164 for Night. The stability of the
Scenario estimates between the two time conditions was measured by introducing an
interaction term into the model. The interaction term measures the change in each scenario that
is different from the average change across all estimates.

The terms that were modelled in the analysis were personal capability, time condition, scenario
characteristics (driving task demands and sources of risk), the interaction between time and
scenario, and a rating scale made up of four ordered steps representing increases in the
6

underlying difficulty/risk dimension(s). It was intended that the structure of the rating scale
remain constant across these terms.

The model used was:

 P 
ln  nkij   Bn   Tk  Di  Tk * Di  S j 
P

 nkij1 

(4)

where:

Pnkij

= Probability of person n scoring j on scenario i under conditions of time k

Pnkij1

= Probability of person n scoring rated j-1 on scenario i under conditions of time k

Bn

= Personal capability n

Tk

= Condition of time k

Tk * Di

= Interaction of time k with scenario i

Di

= Scenario i characteristics – Driving task demands and sources of risk

Sj

= Score for step j relative to step j-1.

The column labelled ‘–time*scenario’ shows the additional amount each scenario was
perceived to have changed, after taking into account the demands/risk sources presented by
the scenario and the average effect of time conditions. The results show the Time/Scenario
combination labelled 2.8 (Time condition 2 and Scenario 8) has increased in perceived
difficulty/risk the most; the same scenario under Time condition 1 (labelled 1.8) decreased
the most. These results indicate the sensitivity of the scenarios to the Time condition.
Scenarios 2 and 8 increased the most in difficulty/risk in night conditions and decreased the
most in day conditions. Scenarios 4 and 10 increased the most in day conditions and
decreased the most in night conditions. Estimates for the Time by Scenario interaction that
exceed twice their standard error are significantly different at the p<0.05 level. Scenarios 2, 3,
4, 8 & 10 had significant Time by Scenario interactions.
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MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES
================================================================================
Terms in the Model (excl Step terms)
-time
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-time*scenario
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Terms in the Model (excl Step terms)
-time

-scenario

-time*scenario

--------------------------------------------------------------------------------------
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0.4 cases

Some parameters could not be fitted on the display
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TERM 3: (-)time*scenario
-------------------------------------------------------------------------------------------------------VARIABLES
UNWEIGHTED FIT
WEIGHTED FIT
-------------------------------------------------------------------------time
scenario
ESTIMATE ERROR
MNSQ
CI
T
MNSQ
CI
T
-------------------------------------------------------------------------------------------------------1
1
1
1
0.010
0.107
0.82 ( 0.65, 1.35) -1.0
0.77 ( 0.58, 1.42) -1.1
2
2
1
1
-0.010*
1.14 ( 0.65, 1.35) 0.8
1.13 ( 0.61, 1.39) 0.7
1
1
2
2
-1.016
0.111
1.30 ( 0.65, 1.35) 1.6
1.12 ( 0.59, 1.41) 0.6
2
2
2
2
1.016*
0.66 ( 0.65, 1.35) -2.1
0.77 ( 0.62, 1.38) -1.3
1
1
3
3
0.397
0.102
0.60 ( 0.65, 1.35) -2.6
0.66 ( 0.64, 1.36) -2.0
2
2
3
3
-0.397*
1.02 ( 0.65, 1.35) 0.2
0.85 ( 0.61, 1.39) -0.7
1
1
4
4
0.814
0.106
0.96 ( 0.65, 1.35) -0.1
1.03 ( 0.65, 1.35) 0.2
2
2
4
4
-0.814*
0.80 ( 0.65, 1.35) -1.1
0.97 ( 0.59, 1.41) -0.1
1
1
5
5
0.132
0.102
1.41 ( 0.65, 1.35) 2.1
1.20 ( 0.61, 1.39) 1.0
2
2
5
5
-0.132*
0.86 ( 0.65, 1.35) -0.8
0.88 ( 0.62, 1.38) -0.6
1
1
6
6
-0.136
0.104
1.57 ( 0.65, 1.35) 2.8
1.25 ( 0.59, 1.41) 1.2
2
2
6
6
0.136*
0.91 ( 0.65, 1.35) -0.5
1.04 ( 0.63, 1.37) 0.3
1
1
7
7
-0.054
0.097
0.88 ( 0.65, 1.35) -0.7
0.90 ( 0.63, 1.37) -0.5
2
2
7
7
0.054*
0.95 ( 0.65, 1.35) -0.2
1.08 ( 0.65, 1.35) 0.5
1
1
8
8
-0.884
0.108
0.99 ( 0.65, 1.35) -0.0
1.10 ( 0.64, 1.36) 0.6
2
2
8
8
0.884*
0.68 ( 0.65, 1.35) -1.9
0.77 ( 0.59, 1.41) -1.1
1
1
9
9
0.142
0.094
0.66 ( 0.65, 1.35) -2.1
0.69 ( 0.65, 1.35) -1.9
2
2
9
9
-0.142*
0.72 ( 0.65, 1.35) -1.7
0.78 ( 0.65, 1.35) -1.3
1
1
10 10
0.708
0.099
0.94 ( 0.65, 1.35) -0.3
1.12 ( 0.64, 1.36) 0.7
2
2
10 10
-0.708*
1.60 ( 0.65, 1.35) 2.9
1.29 ( 0.65, 1.35) 1.5
1
1
11 11
0.057
0.094
0.92 ( 0.65, 1.35) -0.4
1.02 ( 0.65, 1.35) 0.1
VARIABLES
UNWEIGHTED FIT
WEIGHTED FIT
-------------------------------------------------------------------------time
scenario
ESTIMATE ERROR
MNSQ
CI
T
MNSQ
CI
T
-------------------------------------------------------------------------------------------------------2
2
11 11
-0.057*
0.77 ( 0.65, 1.35) -1.3
0.84 ( 0.65, 1.35) -0.9
1
1
12 12
-0.169*
1.06 ( 0.65, 1.35) 0.4
1.05 ( 0.64, 1.36) 0.3
2
2
12 12
0.169*
0.75 ( 0.65, 1.35) -1.4
0.72 ( 0.65, 1.35) -1.7
-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
Separation Reliability = 0.967
Chi-square test of parameter equality =
281.38, df = 11, Sig Level = 0.000
===============================================================================
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The measurement models used so far have assumed the responses are representative of a single
latent trait, which would be expected if participant concepts of ‘difficulty’ and ‘risk’ were not
clearly differentiated. However, it is possible that a two-dimensional model may better fit these
data. The data were therefore fitted also to a two-dimensional model, to determine which
model can best describe the participant response data.

The two-dimensional model has estimated 19 parameters with a model deviance of 3502.19
The unidimensional model has estimated 17 parameters with a model deviance of 3622.68. As
the unidimensional model is a submodel of the two-dimensional model, the difference between
the deviance of these two models is distributed as a chi-square with two degrees of freedom.
Given the estimated difference of 120.69 in the deviance, the unidimensional model does not fit
these data as well as the two-dimensional model does.

Results From a Two-Dimensional Model
The average Scenario estimate has been constrained to zero for each dimension.
TABLES OF RESPONSE MODEL PARAMETER ESTIMATES
================================================================================
TERM 1: (-)time
-----------------------------------------------------------------------------------------VARIABLES
UNWEIGHTED FIT
WEIGHTED FIT
----------------------------------------------------------time
ESTIMATE ERROR^
MNSQ
CI
T
MNSQ
CI
T
-----------------------------------------------------------------------------------------1
1
-0.196
0.029
1.34 ( 0.65, 1.35) 1.8
1.25 ( 0.62, 1.38) 1.3
2
2
0.196* 0.029
0.81 ( 0.65, 1.35) -1.1
0.82 ( 0.63, 1.37) -0.9
-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
Separation Reliability Not Applicable
Chi-square test of parameter equality =
44.80, df = 1
^ Quick standard errors have been used
================================================================================
TERM 2: (-)scenario
-----------------------------------------------------------------------------------------VARIABLES
UNWEIGHTED FIT
WEIGHTED FIT
----------------------------------------------------------scenario
ESTIMATE ERROR^
MNSQ
CI
T
MNSQ
CI
T
-----------------------------------------------------------------------------------------1
1
-0.413
0.077
0.50 ( 0.65, 1.35) -3.4
0.54 ( 0.59, 1.41) -2.6
2
2
0.707
0.072
0.74 ( 0.65, 1.35) -1.6
0.64 ( 0.64, 1.36) -2.2
3
3
-0.061
0.074
0.73 ( 0.65, 1.35) -1.6
0.73 ( 0.62, 1.38) -1.5
4
4
0.096
0.073
0.58 ( 0.65, 1.35) -2.7
0.64 ( 0.62, 1.38) -2.1
5
5
-0.126
0.075
0.76 ( 0.65, 1.35) -1.4
0.89 ( 0.61, 1.39) -0.5
6
6
-0.203* 0.166
1.11 ( 0.65, 1.35) 0.7
1.04 ( 0.61, 1.39) 0.3
7
7
-0.513
0.071
0.71 ( 0.65, 1.35) -1.7
0.67 ( 0.62, 1.38) -1.9
8
8
0.442
0.070
0.86 ( 0.65, 1.35) -0.7
0.70 ( 0.62, 1.38) -1.7
9
9
0.072
0.070
0.66 ( 0.65, 1.35) -2.1
0.66 ( 0.63, 1.37) -2.0
10 10
0.120
0.070
0.60 ( 0.65, 1.35) -2.6
0.61 ( 0.63, 1.37) -2.4
11 11
0.062
0.070
0.79 ( 0.65, 1.35) -1.2
0.80 ( 0.63, 1.37) -1.1
12 12
-0.183* 0.157
1.13 ( 0.65, 1.35) 0.8
0.85 ( 0.63, 1.37) -0.7
-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
Separation Reliability = 0.960
Chi-square test of parameter equality =
227.97, df = 10, Sig Level = 0.000
^ Quick standard errors have been used
==========================================================================================
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TERM 3: step
-----------------------------------------------------------------------------------------VARIABLES
UNWEIGHTED FIT
WEIGHTED FIT
----------------------------------------------------------step
ESTIMATE ERROR^
MNSQ
CI
T
MNSQ
CI
T
-----------------------------------------------------------------------------------------0
1.48 ( 0.65, 1.35) 2.4
1.53 ( 0.60, 1.40) 2.3
1
-0.648
0.058
1.69 ( 0.65, 1.35) 3.2
1.80 ( 0.62, 1.38) 3.4
2
-0.650
0.062
0.79 ( 0.65, 1.35) -1.2
0.76 ( 0.63, 1.37) -1.3
3
0.856
0.088
1.02 ( 0.65, 1.35) 0.2
1.21 ( 0.57, 1.43) 1.0
4
0.442*
1.15 ( 0.65, 1.35) 0.9
1.04 ( 0.53, 1.47) 0.3
-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
^ Quick standard errors have been used
==========================================================================================

The mean participant score was lower on Dimension 1 -0.807 than on Dimension 2 -0.074
The second panel of the table shows the variances, covariance and correlation for these two
dimensions. The correlation between the dimension 1 and dimension 2 latent variables is 0.77.
Note that this correlation is effectively corrected for any attenuation caused by measurement
error.

The reliability of the participant measures from dimension 1 was 0.926 and for dimension 2 was
0.852.
TABLES OF POPULATION MODEL PARAMETER ESTIMATES
==========================================================================================
REGRESSION COEFFICIENTS
Dimension
---------------------------------Regression Variable
Dimension 1
Dimension 2
CONSTANT
-0.807 ( 0.161)
-0.074 ( 0.174)
---------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
==========================================================================================
COVARIANCE/CORRELATION MATRIX
Dimension
-----------------Dimension
1
2
Dimension 1
1.337
Dimension 2
0.770
------------------------------------------Variance
1.601
1.886
------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
Values below the diagonal are correlations and values above are covariances
==========================================================================================
RELIABILITY COEFFICIENTS
-----------------------Dimension: (Dimension 1)
----------------------MLE Person separation RELIABILITY:
WLE Person separation RELIABILITY:
EAP/PV RELIABILITY:
-----------------------Dimension: (Dimension 2)
----------------------MLE Person separation RELIABILITY:
WLE Person separation RELIABILITY:
EAP/PV RELIABILITY:
------------------------

Unavailable
Unavailable
0.926

Unavailable
Unavailable
0.852
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MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES
==========================================================================================
Dimension
Terms in the Model (excl Step terms)
---------------------------Dimension 1 Dimension 2
-time
-scenario
-------------------------------------------------------------------------
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Dimension
Terms in the Model (excl Step terms)
---------------------------Dimension 1 Dimension 2
-time
-scenario
-------------------------------------------------------------------------
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Each 'X' represents

0.5 cases
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MAP OF LATENT DISTRIBUTIONS AND THRESHOLDS
================================================================================
Dimension
Generalised-Item Thresholds
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Dimension
Generalised-Item Thresholds
---------------------------1
2
--------------------------------------------------------------------------------4

|

|

================================================================================
Each 'X' represents

0.5 cases

The labels for thresholds show the levels of
time, scenario, and step, respectively

================================================================================

ConQuest: Multidimensional DIF analysis Participant Risk

Estimates for the Time by Scenario interaction that exceed twice their standard error are
significantly different at the p<0.05 level. Scenarios 2, 3, 4, 8, 9 & 10 had significant Time by
Scenario interactions.
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TABLES OF RESPONSE MODEL PARAMETER ESTIMATES
================================================================================
TERM 3: (-)time*scenario
-------------------------------------------------------------------------------------------------------VARIABLES
UNWEIGHTED FIT
WEIGHTED FIT
-------------------------------------------------------------------------time
scenario
ESTIMATE ERROR^
MNSQ
CI
T
MNSQ
CI
T
-------------------------------------------------------------------------------------------------------1

1

1

1

2

2

1

1

1

1

2

2

2

2

2

2

1

1

3

2

2

1

-0.021

0.093

0.73 ( 0.65, 1.35) -1.6

0.86 ( 0.60, 1.40) -0.6

0.093

0.66 ( 0.65, 1.35) -2.1

0.81 ( 0.61, 1.39) -0.9

0.092

1.08 ( 0.65, 1.35)

1.06 ( 0.60, 1.40)

1.521*

0.092

0.87 ( 0.65, 1.35) -0.7

0.93 ( 0.62, 1.38) -0.3

3

0.521

0.090

0.74 ( 0.65, 1.35) -1.5

0.84 ( 0.64, 1.36) -0.9

3

3

-0.521*

0.090

0.81 ( 0.65, 1.35) -1.1

0.82 ( 0.60, 1.40) -0.9

1

4

4

1.115

0.090

1.15 ( 0.65, 1.35)

0.8

1.29 ( 0.66, 1.34)

1.6

2

2

4

4

-1.115*

0.090

0.71 ( 0.65, 1.35) -1.7

1.02 ( 0.57, 1.43)

0.2

1

1

5

5

0.140

0.090

0.91 ( 0.65, 1.35) -0.5

1.02 ( 0.62, 1.38)

0.2

2

2

5

5

-0.140*

0.090

0.83 ( 0.65, 1.35) -0.9

0.94 ( 0.63, 1.37) -0.3

1

1

6

6

-0.234*

0.203

1.15 ( 0.65, 1.35)

0.8

1.12 ( 0.61, 1.39)

0.7

2

2

6

6

0.234*

0.203

1.13 ( 0.65, 1.35)

0.8

1.16 ( 0.64, 1.36)

0.9

1

1

7

7

0.087

0.87 ( 0.65, 1.35) -0.7

0.82 ( 0.60, 1.40) -0.9

2

2

7

7

0.087

1.41 ( 0.65, 1.35)

2.1

1.10 ( 0.63, 1.37)

0.6

1

1

8

8

0.089

1.12 ( 0.65, 1.35)

0.7

1.30 ( 0.60, 1.40)

1.4

2

2

8

8

1.273*

0.089

0.70 ( 0.65, 1.35) -1.8

1.03 ( 0.57, 1.43)

0.2

1

1

9

9

0.261

0.085

0.91 ( 0.65, 1.35) -0.4

0.85 ( 0.63, 1.37) -0.8

2

2

9

9

-0.261*

0.085

1.16 ( 0.65, 1.35)

0.9

1.22 ( 0.64, 1.36)

1.2

1

1

10

10

1.119

0.086

0.91 ( 0.65, 1.35) -0.4

1.12 ( 0.63, 1.37)

0.7

2

2

10

10

-1.119*

0.086

1.77 ( 0.65, 1.35)

3.6

1.32 ( 0.62, 1.38)

1.6

1

1

11

11

0.132

0.085

1.00 ( 0.65, 1.35)

0.1

0.99 ( 0.62, 1.38)

0.0

2

2

11

11

-0.132*

0.085

0.77 ( 0.65, 1.35) -1.3

0.91 ( 0.64, 1.36) -0.4

1

1

12

12

-0.208*

0.194

2.03 ( 0.65, 1.35)

1.24 ( 0.60, 1.40)

2

2

12

12

0.208*

0.194

0.86 ( 0.65, 1.35) -0.7

0.021*
-1.521

-0.030
0.030*
-1.273

0.5

4.5

17

0.3

1.2

0.88 ( 0.64, 1.36) -0.6

-------------------------------------------------------------------------------An asterisk next to a parameter estimate indicates that it is constrained
Separation Reliability =

0.990

Chi-square test of parameter equality =

849.63,

df = 10,

Sig Level = 0.000

^ Quick standard errors have been used
================================================================================
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The column labelled ‘–time*scenario’ shows the additional amount each scenario was perceived to
have changed after taking into account the demands/risk sources presented by each scenario and the
average effect of time conditions. The results show the Time/Scenario combination labelled 2.8 (Time
condition 2 and Scenario 8) has increased in perceived difficulty/risk the most. The same scenario
under Time condition 1 (labelled 1.8) decreased in perceived difficulty/risk the most. These results
indicate the sensitivity of the scenarios to the Time condition. Scenarios 2 and 8 increased the most in
in night conditions and decreased the most in day conditions. Scenarios 4 and 10 increased the most in
day conditions and decreased the most in night conditions. These results are the same as those found
under the unidimensional model applied above.
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MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES
=============================================================================================
Dimension
Terms in the Model (excl Step terms)
----------------------------Dimension 1 Dimension 2
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Dimension
Terms in the Model (excl Step terms)
----------------------------Dimension 1 Dimension 2
-time
-scenario
-time*scenario
--------------------------------------------------------------------------------------------XX|
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=============================================================================================
Each 'X' represents
0.5 cases

Person Measures
Measures of personal capability were generated using a multiple imputation technique to
produce a set of 5 plausible values (Mislevy, 1991). This technique has been shown to recover
variance components better than point estimate measures and as such provides better values
for comparing group performance.

For each participant a set of 5 plausible values were drawn for each of the 2 dimensions. When
working with plausible values the result is calculated using each of the plausible values to
compute the statistic of interest and then averaging the results over the five calculations. The
table below shows the plausible values for each of the 4 participant groups on each of the 2
dimensions.

For each participant a single value, in the form of an expected-a-posteriori (EAP) estimate, was
generated for each dimension. EAP estimates are most useful as a single measure for an
individual that describes their result. When used in group comparisons they tend to under
estimate the variance. A box plot showing group performance on each of the two dimensions
using EAP estimates is shown below.
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Plausible values for each participant group
pv1d1
Group A

Mean
N
Std. Deviation

Group B

Mean
N
Std. Deviation

Group C

Mean
N
Std. Deviation

Group D

Mean
N
Std. Deviation

Total

Mean
N
Std. Deviation

pv1d2

pv2d1

pv2d2

pv3d1

pv3d2

pv4d1

pv4d2

pv5d1

pv5d2

-1.060

0.051

-0.825

0.284

-0.872

0.051

-0.804

0.153

-1.053

0.052

17

17

17

17

17

17

17

17

17

17

Dimension
1 mean

Dimension
2 mean

-0.923

0.118

2.073

2.048

1.884

2.506

1.940

1.914

2.089

2.395

1.923

2.346

1.982

2.242

-1.484

-0.120

-1.240

-0.129

-1.479

-0.139

-1.471

-0.122

-1.358

-0.142

-1.406

-0.130

21

21

21

21

21

21

21

21

21

21

1.557

1.582

1.264

1.304

1.630

1.361

1.514

1.301

1.478

1.418

1.489

1.393

-1.562

-0.153

-1.817

-0.059

-1.776

-0.184

-1.670

0.041

-1.633

-0.123

-1.692

-0.096

9

9

9

9

9

9

9

9

9

9

1.365

1.611

1.051

1.479

1.175

1.619

0.935

1.670

1.141

1.424

1.134

1.561

-0.507

-0.243

-0.439

-0.173

-0.654

-0.067

-0.479

-0.285

-0.592

-0.385

-0.534

-0.231

15

15

15

15

15

15

15

15

15

15

1.728

2.063

1.851

2.045

1.924

2.398

1.828

2.448

1.855

2.243

1.837

2.239

-1.143

-0.107

-1.016

-0.016

-1.156

-0.076

-1.077

-0.062

-1.129

-0.145

-1.104

-0.081

62

62

62

62

62

62

62

62

62

62

1.737

1.803

1.609

1.867

1.751

1.800

1.729

1.957

1.666

1.884

1.699

1.862
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Distribution of EAP measures of participant performance on dimension 1 by
group.

Distribution of EAP measures of participant performance on dimension 2 by
group.
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Results from an analysis of variance between groups showed no statistically significant
differences.
ANOVA
Sum of Squares
pv1d1

pv1d2

pv2d1

pv2d2

pv3d1

pv3d2

pv4d1

pv4d2

pv5d1

pv5d2

Between Groups

df

Mean Square

10.199

3

3.400

Within Groups

173.953

58

2.999

Total

184.152

61

Between Groups

.724

3

.241

Within Groups

197.522

58

3.406

Total

198.246

61

Between Groups

12.446

3

4.149

Within Groups

145.525

58

2.509

Total

157.971

61

Between Groups

2.184

3

.728

Within Groups

210.520

58

3.630

Total

212.704

61

Between Groups

10.794

3

3.598

Within Groups

176.224

58

3.038

Total

187.018

61

Between Groups

.462

3

.154

Within Groups

197.160

58

3.399

Total

197.622

61

13.053

3

4.351

Within Groups

169.407

58

2.921

Total

182.460

61

1.705

3

.568

Within Groups

231.806

58

3.997

Total

233.510

61

7.815

3

2.605

Within Groups

161.466

58

2.784

Total

169.281

61

Between Groups

Between Groups

Between Groups

Between Groups

1.528

3

.509

Within Groups

214.956

58

3.706

Total

216.484

61

F

Sig.
1.134

.343

.071

.975

1.653

.187

.201

.896

1.184

.324

.045

.987

1.490

.227

.142

.934

.936

.429

.137

.937

The stability of the participant Group measures under the two time conditions was tested using
the multidimensional model (5) specified below. The model contains a term ( I mk ) that
estimates the average change in each group under the different time conditions. As the model
also contains terms for Group and Time as separate main effects, the interaction term ( I mk )
captures any additional change that has not already be partitioned to the main effects. The
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stability of each Group’s measure between the two time conditions is assessed by comparing the
estimate of the interaction with its standard error, reported below.
The terms that were modelled in the analysis were personal capability, time condition, scenario,
the interaction between time and scenario, and a rating scale made up of four ordered steps
representing increases in the two underlying risk/difficulty dimensions. It was intended that the
structure of the rating scale remain constant across these terms and the facet structure remain
constant across the dimensions.
The model used was:

 P

ln  ndkimj   Bnd   Tk  Di  Gm  I mk  S j 
P

 ndkimj1 

(5)

where:

Pndkimj

= Probability of person n on dimension d from group m scoring j on scenario i under conditions

of time k

Pnkimj1

= Probability of person n on dimension d from group m scoring rated j-1 on scenario i under

conditions of time k

Bnd

= Capability of person n on dimension d

Tk

= Condition of time k

Di

= Demands/risk sources presented by scenario i, and

Gm

= Member of group m

I mk

= Interaction of group m with time k

Sj

= Score difference for step j relative to step j-1.

The column labelled ‘ESTIMATE’ shows the additional amount each groups measure has changed
after taking into account the time condition that is additional to the average effect of the time
conditions. All estimates are less than twice their standard errors which indicates no statistically
significant differences at the p<0.05 level.
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================================================================================
TERM 4: (-)grp*time
-------------------------------------------------------------------------------VARIABLES
UNWEIGHTED FIT
WEIGHTED FIT
---------------------------------------------------grp
time
ESTIMATE ERROR^
MNSQ
CI
T
MNSQ
CI
T
-------------------------------------------------------------------------------1
1
1
1
-0.002
0.046
0.80 ( 0.33, 1.67) -0.5
0.87 ( 0.27, 1.73) -0.2
2
2
1
1
0.080
0.041
1.48 ( 0.40, 1.60) 1.5
1.53 ( 0.36, 1.64) 1.5
3
3
1
1
-0.061
0.051
0.88 ( 0.08, 1.92) -0.1
0.65 ( 0.02, 1.98) -0.6
4
4
1
1
-0.018* 0.080
1.68 ( 0.28, 1.72) 1.7
1.93 ( 0.23, 1.77) 2.0
1
1
2
2
0.002* 0.046
0.97 ( 0.33, 1.67) 0.0
0.94 ( 0.27, 1.73) -0.1
2
2
2
2
-0.080* 0.041
0.92 ( 0.40, 1.60) -0.2
0.76 ( 0.37, 1.63) -0.7
3
3
2
2
0.061* 0.051
0.56 ( 0.08, 1.92) -0.9
0.56 ( 0.04, 1.96) -0.9
4
4
2
2
0.018* 0.080
1.20 ( 0.28, 1.72) 0.6
1.07 ( 0.24, 1.76) 0.3
--------------------------------------------------------------------------------

An asterisk next to a parameter estimate indicates that it is constrained
Separation Reliability = 0.580
Chi-square test of parameter equality =

5.35, df = 3, Sig Level = 0.148

^ Quick standard errors have been used
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Appendix 6: Informed Consent Statement and Demographic
Questionnaire
Informed Consent Statement
An investigation of young drivers’ situation awareness, hazard perception
and risk assessment performance, with varying levels of driving
experience and visual conditions (day versus night).
Investigator: Teal Evans, PhD student, School of Biosciences, La Trobe University, ph. 0421 049 493
Supervisor: Dr Wendy Macdonald, Associate Professor, School of Biosciences, La Trobe University, ph.
03 9479 5746

This project is investigating how novice drivers develop situation awareness and hazard
perception skills as they gain driving experience. To find this out, drivers of a range of
ages and driving experience will be asked to undertake a number of tasks that measure
several aspects of driving performance.
If you choose to participate in this research
project, you will be asked to complete a short questionnaire about yourself and your
driving history, and also perform the following tasks:
•

Situation Awareness (Commentary) Task – You will be driven around a fixed suburban
route while you provide a running commentary into a small voice recorder about the
things you see along the route. This will take approximately 45 minutes to complete,
and will need to be done twice – once during the day, and once at night.

•

Hazard Perception Task – You will view on a computer screen a series of short video
clips of driving situations in which there are various potentially hazardous objects,
situations and conditions. As you view each clip you will be asked to press a key to
indicate when you first become aware of a possible driving hazard, and then describe
the hazard before continuing with the task. This task will take approximately 20
minutes to complete.

•

Risk Assessment Task – You will view on a computer screen a series of short video
clips containing various hazards, during which you will be asked to indicate the
current level of crash risk by continuously adjusting the position of a slider on a
device attached to the computer. This task will take approximately 15 minutes to
complete.

•

Difficulty Assessment Task - This is basically the same as the Risk Assessment Task;
the main difference is that you will be asked to rate the difficulty for the driver of the
scenario shown on the video clip, rather than the crash risk. This task will take
approximately 15 minutes to complete.

•

Mental Workload Task (only if you have a provisional or full driver’s licence) – In this
task, you will be asked to drive around a set route in a car with dual-controls, under
the supervisory control of a professional driving instructor. While you drive, you will
listen to beeps through a headset and say “left” or “right” according to which ear you
hear the beep in. It is expected that you will make more errors when you have to
concentrate harder on driving. This task will take around 45 minutes to complete.

Total expected time to complete all tasks: 2 hours 30mins (learner drivers); 4 hours
(probational and full license drivers).
1

Possible Risks
By participating in this project, you will incur a small amount of risk by being a
passenger in a car that is being driven in traffic.
If you are in one of the groups undertaking the Mental Workload Task (for which you
need to have a driver’s licence), you will be exposed to a small amount of additional risk
by driving in traffic while performing a secondary ‘beeps’ task. However, performance of
this ‘beeps’ task should be no more distracting than when you chat to a passenger – that
is, you will do it only when driving does not demand your full attention. A “safety net” is
provided by the driving instructor sitting beside you who will use the dual-controls if
necessary to maintain safety.

Confidentiality and Use of Data

In order to assure confidentiality, data collected during this project will be stored by
subject number rather than by name. A single document associating names and numbers
will be stored separately from data files, and discarded when data collection has been
completed.
All data that is not recorded electronically (such as questionnaire data) will be
transcribed into electronic form for analysis. It is not anticipated that any of the
commentaries will be quoted at length in the final thesis or any papers published about
this research; rather, the content of the commentaries will be interpreted statistically
(e.g. “There were 38 references to crocodiles in the commentaries, of which 17 of them
were at night, and mostly by subjects who had less than three years’ driving experience”).
Data (both hard-copy and in digital form) will be kept initially in the Investigator’s home
in Adelaide, and then at La Trobe University, Melbourne. Five years after completion of
the project, all data will be destroyed.
You may request a copy of any personal data collected about you in the course of the
research, or a summary of the results of the study. (Please bear in mind that the results
will not be available until the completion of the research, which will likely be in late 2009
or 2010.)

Benefits of Participation

Participating in this study will confer no direct benefits to participants, other than
perhaps (a) the knowledge that you are helping to further scientific knowledge
that may in future enhance road safety, and (b) possible enhanced appreciation of
the importance of perceptual skills to young driver safety (relative to vehicle
control skills).
Findings from this project will be applicable to the development of more effective driving
training programs for novice drivers, which may contribute to a reduction in the current
rate of young driver crashes.
You have the right to withdraw from active participation in this project at anytime. There
are no disadvantages, penalties or adverse consequences for not participating or for
withdrawing prematurely from the research.
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Any questions regarding this project may be directed to the Investigator (Teal Evans) of
the La Trobe University School of Human Biosciences, on telephone number 0421 049
493.
If you have any complaints or queries that the investigator has not been able to answer to
your satisfaction, you may contact the Secretary, Human Ethics Committee, Research and
Graduate Studies Office, La Trobe University, Victoria, 3086, (ph: 03 9479 1443, e-mail:
humanethics@latrobe.edu.au).
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An investigation of young drivers’ situation awareness, hazard perception
and risk assessment performance, with varying levels of driving
experience and visual conditions (day versus night).
“I (the participant) have read and understood the participant information sheet and
consent form, and any questions I have asked have been answered to my satisfaction. I
agree to participate in the project, realising that I may withdraw at any time. I agree that
research data provided by me or with my permission during the project may be included in
a thesis, presented at conferences and published in journals on the condition that neither
my name nor any other identifying information is used.”

Name of Participant (block letters):

Signature:

Date:

Name of Parent/Legal Guardian (if under 18) (block letters):

Signature:

Date:

Name of Investigator (block letters): Teal Evans

Signature:

Date:

Name of Student Supervisor (block letters): Wendy Macdonald

Signature:

Date:

4

Demographic and Driving History Questionnaire
Subject No:
Instructions
This questionnaire is part of a larger research project investigating how people learn to drive.
To help in understanding the information we collect from you while you perform several driving-related
tasks, we would like to know a few facts about you and your past experiences as a driver. There are two
sections of questions: PERSONAL DETAILS, and then DRIVING HISTORY.
Please try to be as honest as you can. Remember that your responses will be completely anonymous, as
explained in the earlier information that you were given about this project.

Personal Details
Age: ____ years ____ months

Sex:
Female
Male

What is the highest education level you have attained?
Left school before year 12
Year 12
Diploma or Certificate
Bachelor’s degree
Postgraduate qualification
I am currently studying the following course: .................................................................
Driving History

1. How long did you hold a Learner’s permit before you passed the driving test and
got your Probationary licence?
Please answer EITHER queston (A) OR question (B) below:
(A)

__ years __ months

OR

(B)

FROM: ..……. (month) ……. (year)

TO: ..…….( month) ……. (year)

2. Did you have paid driving lessons with a professional driving instructor?
__ YES
__ NO ….. If you answer NO, go to Question 4
5

3. If you answered ‘YES’ to the previous question (number 2):
Please check one of the boxes below to show the option that best describes your
lessons from a paid, professional driving instructor:
I had a few professional driving lessons when I first got my Learner’s permit.
I had occasional professional driving lessons, but not regularly.
I had regular professional driving lessons for most of the time I was on my Learner’s
permit.
I had a few professional driving lessons just before my driving test.
other (please give details) _______________________________________________
____________________________________________________________________
____________________________________________________________________

4. Who was your main supervising driver?
a professional driving instructor
a friend or relative

5. How often did you practise driving when you had a Learner Permit?
Tick the box that best describes how often you practised driving when you were on L-Plates
(This might have been for less than 3 years – just answer for each year that applies)
Choose one for each year
that applies
How often you practised:

Tick ONE of the
boxes below
1st Year on L-Plates

less than once a month
once a month
once every couple of
weeks
once a week
several times a week
every day
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Tick ONE of the
boxes below

Tick ONE of the
boxes below

2nd Year on L-Plates

3rd Year on L-Plates

6. While you held a Learner’s permit, how often did you:
a) drive in heavy traffic?
never /hardly ever

occasionally

quite often

very frequently

b) drive at night?
never /hardly ever

occasionally

quite often

very frequently

c) drive with extra passengers in addition to your supervising driver?
never /hardly ever

occasionally

quite often

very frequently

d) drive on a freeway or other sealed road with a speed limit of 100 km/h or more?
never /hardly ever

occasionally

quite often

very frequently

quite often

very frequently

e) drive on a main road in a city or town?
never /hardly ever

occasionally

f) drive on a country road not in any city or town?
never /hardly ever

occasionally

quite often

very frequently

quite often

very frequently

g) drive on an unsealed road?
never /hardly ever

occasionally

h) drive on roads that were unfamiliar to you?
never /hardly ever

occasionally

quite often

very frequently

occasionally

quite often

very frequently

occasionally

quite often

very frequently

i) drive into low sun at sunset or sunrise?
never /hardly ever

j) do any reversing?
never /hardly ever

Please check back to see that you have answered each question.
Your answers will be very useful for us. Thank you very much for your help.
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