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Abstract

The continuing use of self-report methods demands consideration of the validity, reliability,
and utility of self-report data used in road safety research. This thesis assesses those self-
report issues with respect to four key constructs in motorcycle safety research—exposure,
on-road behaviour, riding motivations, and perceived value. A large-scale randomised
control trial to evaluate a motorcycle rider training program provided an ideal opportunity
to achieve that. The present sample consisted of Australian novice riders who participated
in this trial between June 2010 and December 2011. The evaluation involved participants’
police-recorded data on crashes and traffic offences as well as self-report surveys including
riding exposure questions, previously developed Motorcycle Rider Behaviour Questionnaire
(MRBQ) and the Motorcycle Rider Motivation Questionnaire (MRMQ), and a willingness to
pay question in a contingent valuation (CV) survey. Four studies are presented in this thesis
to provide a picture of the contributing elements to best practice motorcycle safety
research. In Study 1 a comprehensive set of statistical analyses was performed to test the
validity and reliability of various forms of self-report riding exposure measures. Practical
recommendations for best practice design of self-report riding exposure questions were
provided based on the present findings. In Study 2 and Study 3 a comprehensive
psychometric assessment of the MRBQ and MRMQ was achieved. Specifically, previously
untested psychometric properties of stability, content validity, and predictive validity in
terms of police-recorded offences and crashes as well as previously assessed factor
structure, internal consistency, and predictive validity in terms of self-reported crashes were
examined. These two studies were the first to examine the applicability of MRBQ and
MRMQ amongst novice riders, and indicated that the measures are premature as they
currently stand, at least amongst Australian novice riders. Further work is required before
their wider use and recommendations for the re-design and use of the MRBQ and MRMQ
are provided. In Study 4 | demonstrated the utility of CV in measuring, understanding, and
therefore addressing the perceived value of rider training amongst novice riders. Study 4 is
the first study to empirically quantify the perceived value of rider training and analyse the
determinants through a well-designed CV survey. The four studies highlight that the
appropriateness of self-report is dependent on not only the nature of the phenomenon
under study but also the extent to which the factors that contribute to measurement
reliability are taken into account in the design of self-report measures. Empirically informed
guestion design ensures self-report is a valuable tool in motorcycle safety research. This
thesis demonstrates the value of assessing the validity, reliability, and utility of self-report
measures in providing results that contribute to best practice motorcycle safety research,
policy and practice.

Vi
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Chapter 1: Introduction

1.1 Preamble
This chapter provides the rationale for the thesis and discusses the use of self-report

methods in motorcycle safety research. It illustrates the advantages and risks of self-report
methods. The concepts of validity and reliability are introduced and the ways in which they
can be measured are described. This chapter also highlights the importance of the focus on
motorcycle safety research and its key constructs. It then describes the overall study context
from which the studies presented in this thesis were derived. Finally, the aims and

objectives of the present thesis and the structure the thesis follows are summarised.

1.2 Background

Self-report is commonly used in epidemiological and psychological research, including road
safety research (e.g. 1-7). The continuing prevalence of self-report methods demands
consideration of the relevance, reliability, and validity of self-report data used in road safety
research. Self-report methods are commonly used to understand motorcyclists and evaluate
motorcycle safety interventions (e.g. 4, 8-11). Assessing and ensuring the validity, reliability,
and relevance of self-report measures used in motorcycle safety research is fundamental to
understand motorcyclists’ behaviours, attitudes, and motivations, and evaluate motorcycle

safety interventions.

1.3 Uses of self-report in road safety research
Road safety measures are generally aimed at reducing or eliminating crashes, injuries,

and/or fatalities, and therefore the primary objective of road safety evaluations must be

with respect to those outcomes. However, measurement of other constructs such as
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attitudes, beliefs, and on-road behaviours is also required to allow understanding of the
underlying causes of behavioural change intended by the intervention being evaluated. Self-

report is widely used for such purposes in road safety research (12).

In the context of road safety research, the advantages of self-report have been repeatedly
demonstrated with respect to constructs of attitudes, beliefs, and on-road behaviours. Self-
report is widely used to report on and understand driving behaviours that lead to crashes
(e.g. 13, 14). Self-report surveys have contributed to the understanding of the factors that
contribute to the effectiveness of enforcement for drink-driving (12, 15), speeding (16), and
seatbelt use (17, 18). Self-report surveys have also informed the development of effective
interventions for drink-driving (19, 20). The cost-effectiveness of self-report methods in
providing exposure data has also been reported (21), and self-report has been shown to
provide supplementary or complementary data to routinely collected state or national
records of crashes (22, 23). Self-report motorcycle crash data can be particularly valuable
when routinely collected data on motorcycle crashes can be limited to fatal and severe

crashes, hiding the prevalence of less severe crashes and injuries (24).

1.4 Self-report methods

1.4.1 Advantages of self-report
Self-report is a research method that asks the person directly for information (25). It mainly

takes the form of interviews and questionnaires. Research participants may be directly
asked to report on their demographics and personal characteristics, attitudes, behaviours,
values and motivations. The advantage of self-report is that it provides the person’s own
perspectives on information or constructs that generally cannot be obtained in any other

objective way (25). These can include some constructs that are by definition perceptual (and
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therefore subjective in nature) and not directly observable such as values, attitudes, beliefs,
and motivations. Self-report has the practical advantage of measuring behavioural
constructs in situations where other behavioural measurement methods such as direct
observation are not possible (e.g. for studying events that have already past or that occur in
private settings). Self-report is also useful in the context of evaluation studies of
interventions when aggregated national or state records of crashes or traffic offences are
not sufficient (unless data linkage is possible) and individual self-report data are necessary.
Self-report can also be useful when objective measures of technology are not affordable for

the available research budget (e.g. GPS technology to measure exposure).

1.4.2 Risks of self-report
It is critical to note that not all self-report data are biased but they cannot always be taken

at face value (25). As with other methods of collecting data, self-report may suffer from
potential validity and reliability problems. In order to prevent the detrimental effects the
methodology can have on research findings, it is vital to understand methodological risks

and their sources.

Two main risks of self-report are repeatedly identified. First, people can lie to present
themselves more favourably to others than truthfully, or provide honest self-descriptions
but that are positively biased, commonly referred to as social desirability bias (26). For
example, some people may not wish to admit to having been involved in a crash. Second,
people can fail to recall events and details (27, 28). Research on self-reported crashes and
near crashes show that respondents forget them over time (29, 30), and recall of details of
crashes and near crashes is poor and biased, particularly in relation to fault attribution of

the crashes (30, 31).
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However, these biases and errors in self-report may not be common and are a greater risk in
some contexts than others. They tend to arise from the interaction between factors such as
the nature of the construct, the approach to its assessment (private versus public setting;
poor question design leading to poor understanding of the question by the respondent) and
the characteristics of the respondent, rather than solely being inherent in a particular
method (32, 33). It can be speculated that people are more likely to honestly report that
they have a cold than impotence, and people are more likely to honestly report that they
have impotence in an anonymous setting than a non-anonymous setting. Self-report is also
less likely to be valid and reliable if the questionnaires are too long thereby inducing
respondent boredom and fatigue (34). On the other hand, there is also research evidence to
show that self-reported attitudes to speeding are valid as shown by their consistency with
physiological measures (35). Self-report should therefore be neither simply trusted nor

never trusted.

It is possible to manage the risks of self-report in road safety research through various

measures including the following:

e Minimal reliance on self-report details of crashes such as fault assignment which is
likely to induce biased responding;

e Compare self-report and police-records of crashes and use both in evaluation;

e Ask questions in timeframes appropriate for recall of behaviours and events;

e Keep interview time short enough to avoid respondent fatigue and boredom;

e Use validated self-report measures, or check self-report against objective or

previously validated measures;
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e Use balanced response scales such as Likert scales ranging from strongly agree,
agree, disagree, to strongly disagree;

e Use multiple questions to measure the same construct that is intended to be
measured to ensure consistency in responses;

e Conduct structured interviews to control for respondents’ ability to preview, review,
and skip questions, and change responses, and to ensure that all questions are

presented to all respondents consistently.

These issues raise the need to evaluate the validity and reliability of self-report data. The
present thesis therefore addresses validity and reliability issues of key constructs in

motorcycle safety evaluation.

1.4.3 Validity and reliability of self-report
All measurement methods have limits, and if self-report measures can be designed in ways

that provide valid and reliable data, then it is a valuable method of data collection with the
aforementioned advantages. The appropriateness of self-report can be assessed by firstly

testing the validity and reliability of the self-report instruments within the target audience.

Validity refers to the extent to which an instrument measures what it purports to measure.
It is a multi-faceted concept determined by relations with other variables (36, 37), including
construct validity, content validity, and predictive validity. Construct validity refers to the
survey items being representative of the underlying conceptual structure (38). Content
validity refers to the measure covering a representative sample of the domain to be
measured (36). Predictive validity refers to the ability of the measure to predict other
relevant and important constructs (36). In road safety evaluation research, crashes, injuries,

and fatalities are central outcomes of interest. If self-report does not provide such
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information and if self-report of related constructs (e.g. risky attitudes) does not reliably
predict those central outcomes in a valid manner then the self-report data lack relevance

and value.

Reliability refers to the overall consistency of a measure such that any score changes
measured by a completely reliable instrument would be a reflection of true change in the
construct that is being measured (36). Reliability is partly influenced by the level of control
applied in the question formats and administration of the surveys. There are two main types
of reliability—internal consistency and test-retest reliability. Internal consistency of a scale is
only relevant for multi-item scales and refers to the consistency in responses to the
guestions of the same underlying construct i.e. the constituent items are measuring the
same construct. Internal consistency of a scale is determined in a single administration of
the scale. Test-retest reliability of a scale refers to the stability in measurement of the
underlying construct across two measurement points. Test-retest reliability is determined
by repeated administration of the measure (36). The stability of a self-report measure is
especially critical when its use is intended for road safety evaluation research where the
change over time due to the intervention, versus the natural change over time, versus the

lack of reliability to measure change can be distinguished.

1.4.4 Statistical assessment of validity and reliability of self-report
Certain statistical tests are available to ensure acceptable validity and reliability of self-

report measures. Self-report measurement of a construct is developed beginning with
exploratory factor analysis and established through confirmatory factor analysis (39, 40).
When there is no a priori assumption about the construct, exploratory factor analysis is
firstly used (41). Confirmatory factor analysis can then be used to test specific hypothesis

about the factor structure (41). Multiple items are developed to measure a construct and
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responses to those items that are believed to represent a single shared attribute are usually
summed to form a composite scale. A composite scale consisting of multiple items is
generally more reliable than each of the items alone (42). These attributes are referred to as

latent variables or common factors within the jargon of factor analysis.

Content validity is demonstrated by the statistical consistency shown with other measures
of the same domain (36). Predictive validity is demonstrated by the statistical relationship
with measures of the predicted construct (36). These statistical tests of relationships include
correlations and regression analysis, and statistically significant coefficients are considered
to reflect validity. Internal consistency is tested by calculating Cronbach’s alpha coefficient
(43). Test-retest reliability can be tested by calculating the correlations of scores obtained
from repeated tests. Generally a minimum Cronbach’s alpha and correlation coefficients of
0.7 is recommended (42). Timing of measurements and practice effects are also important

considerations in the interpretation of test-retest reliability coefficients.

1.4.5 Validity and reliability aims of the present thesis
The present thesis aims to examine these validity and reliability concepts in relation to self-

report measures used in motorcycle safety research. Based on the findings it aims to
provide best practice recommendations to maximise the theoretical and practical values of
findings derived from self-report. In particular, the appropriateness of self-report in studying
novice riders is not yet known and it is fundamental to test the validity and reliability of self-
report surveys used in novice rider safety research before their wider use. The importance

of the focus on novice riders is described in the next section.
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1.5 Brief review of trends in motorcycle use, crashes, and novice

riders as a focus of research
In Australia, according to the 2012 Motor Vehicle Census, motorcycle registrations showed

the largest average annual growth over the five years between 2007 and 2012 at 7.0%
compared to the average annual growth of 2.6% for all motor vehicles (44). Increasing
numbers of motorcycle licence holders and registrations in the face of increasingly crowded
road systems will lead to increases in motorcycle crashes (45). In fact over the nine years
from 2000-01 to 2008-09 in Australia, those injured as motorcyclists recorded the highest
rates of increase with average annual rates of increase of 6.9% amongst all road user groups
(46). Consistent with this national trend, increasing trends of motorcycle licences and
registrations are evident in the state of Victoria in Australia (Figure 1.1), which is the context
for the present research. Following these trends, motorcycle safety research is a growing
field internationally, and the development and use of valid and reliable methods used in

rider safety research are fundamental processes (47, 48).

Amongst all road user groups in Australia in 2008-09, motorcyclists had the highest serious
injury rate per 100,000 registered vehicles, which was ten times the corresponding rate for
car occupants (50). Motorcycling is understood to carry more risk of crash and injury than
driving a car because of the inherent instability of, and lack of protection afforded by, the
vehicle (51). These factors may account for the differential risks between motorcycle riders
and car drivers, but it is also possible that differences in other factors such as behaviours,
motivations, and attitudes between motorcycle riders and car drivers also contribute to
their differential risks. This highlights the need to measure those factors for better

understanding of motorcycle crash risks.
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Figure 1.1 Increasing trend in motorcycle licences and registrations in Victoria, Australia.
Source: VicRoads (2010) Graduated Licensing for Motorcyclists A Discussion Paper.

Amongst motorcyclists, those in their early years of riding are involved in more crashes than
riders with more years of riding experience (49, 52). For example, the substantial decline in
the number of motorcycle crashes with licensing years in Victoria is shown in Figure 1.2 (49).
In Victoria novice riders represent almost one third of all motorcycle fatalities and serious
injuries (49). The current thesis therefore focused on the application of self-report methods

amongst this particularly high risk group: novice riders.

In addition it cannot be assumed that all populations would provide equally reliable and
valid self-report data. It is plausible that experienced drivers may find it more difficult to
recall details of highly automatized tasks of driving, that is, the reliability and validity of self-
report may depend on driving experience. Similarly, relatively inexperienced novice riders
whose riding is still a novel event may be able to recall recent riding events better than

experienced riders whose riding have become frequent mundane events. To the knowledge
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of the present author, no research has addressed the reliability and validity of self-report

specifically amongst novice riders.
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Figure 1.2 Number of motorcycle crashes (fatal and serious injury) by licence duration based
on Victorian crash data 2003—-2007.
Source: VicRoads (2010) Graduated Licensing for Motorcyclists A Discussion Paper.

1.6 Key constructs in motorcycle safety research

Road safety policy development and implementation are a product of the interplay of
community beliefs and values, politics, resources, management processes, and scientific
evidence on reductions in crashes, injuries and fatalities. The success of motorcycle safety
interventions such as rider training depends on not only that they modify motorcyclists’
behaviours, attitudes, and/or motivations in a desirable manner, and thereby crash risks,
but also that they are valued by the target audience and/or the wider community. Generally
it is when the interventions meet those features that they attract funding and prioritisation
by governments. As a consequence, motorcycle safety research must integrate multiple
constructs to facilitate successful delivery of policies and subsequent potential positive

impact on safety.
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In this context, riding exposure, on-road riding behaviours, motivations to ride a motorcycle,
and motorcyclists’ perceived value are all key constructs in motorcycle safety research. Data
on riding exposure and riding behaviours can be useful for not only outcome evaluation of
interventions but also crash and injury risk factor identification. Riding motivations and
motorcyclists’ perceived values of rider interventions can inform intervention contents and
implementation strategies. Any given measure, self-report or other objective measures, of
these four constructs will have its limitations, but the development of valid and reliable self-
report measures of those constructs will provide researchers with extra tools that may

complement or supplement other data sources.

This thesis will explore four important motorcycle safety constructs—exposure, on-road
behaviour, riding motivations, and perceived value—and their validity and reliability. In the
following section, each is described and the justification for the use of self-report to

measure those constructs are provided in turn.

1.6.1 Riding exposure
Exposure, generally defined as some form of the amount of travel (53, 54), is one of the

most fundamental concepts in road safety research because it indicates the road users’
exposure to the risk of death or injury. Whilst number of motorcycle licence holders and
motorcycle registrations are commonly used as a proxy measure of riding exposure, they
can misrepresent real riding exposure especially for motorcyclists, for reasons discussed in
detail in Chapter 2. Hence, riding exposure measured in terms of the amount of actual
riding, such as distance and time travelled and number of riding trips, is more appropriate
than licences and registrations. Installation of technology on motorcycles to collect such
riding exposure data is likely to produce the most objective valid data. However, in the

context of large-scale research or limited budget, alternative methods such as self-report
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might be used. Standardised self-report measures of riding exposure do not yet exist in
motorcycle safety research. Therefore, in the context of escalating riding and injury, there is
an urgent need for the development and evaluation of valid and reliable self-report riding
exposure measures. The present thesis therefore critically reviews the literature to identify
the current status of self-report measurement of riding exposure, and incorporates validity
checks and reliability tests of various forms of self-report riding exposure measures so that

best practice self-report riding exposure measures can be recommended.

1.6.2 On-road riding behaviours
Risky on-road behaviours have been historically dichotomised broadly into errors and

violations (14). The Motorcycle Rider Behaviour Questionnaire (MRBQ), was specifically
developed for motorcyclists to measure errors and violations as well as the use of
motorcycle safety equipment (10). Accordingly, on-road riding behaviours refer to those
behavioural domains in this thesis. Police records of traffic offences are useful to
understand risky on-road behaviours. However, they do not necessarily capture all errors
and violations due to the variability in enforcement (people do not always get caught for
breaking road rules). Furthermore, they do not necessarily capture all non-use of safety
equipment because in most jurisdictions and countries the use of safety equipment is not
legally mandated except for helmets. It can also be impractical to observe on-road
behaviours in natural driving environments which are complex, especially for large-scale
research. For these reasons the development and evaluation of a self-report measure of on-
road riding behaviours can be useful for motorcycle safety research and practice. The
present thesis therefore critically evaluates the literature on the MRBQ as well as the Driver
Behaviour Questionnaire, on which the development of the MRBQ was based, in order to

identify the current status of self-report measurement of on-road behaviours. It also
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examines the psychometric properties of the MRBQ to assess the applicability of the MRBQ

amongst novice riders, a population to whom the MRBQ has not been applied to date.

1.6.3 Riding motivations
It has been suggested that people are attracted to motorcycling for a variety of reasons

including image, the feeling of freedom, to feel at risk, to impress others and practical
motives such as convenience and economy (55). The Motorcycle Rider Motivation
Questionnaire (MRMQ; 11) is the first structured questionnaire that was developed to
systematically assess the reasons for riding. Accordingly, riding motivations refer to riders’
reasons for choosing to ride a motorcycle in this thesis. Certain interventions may not work
unless the underlying motives are addressed, and measurement of riding motivations can
help to address riding behaviours in ways that are sensitive to the different needs amongst
motorcyclists. Given riding motivations are about subjective reasons for riding and not
directly observable by another individual or apparatus, direct self-report can be the most
useful method to understand riding motivations. The present thesis therefore critically
evaluates the literature on the self-report measurement of riding motivations including the
MRMAQ in order to identify its current status. It also examines the psychometric properties
of the MRMQ to assess its applicability amongst novice riders, a population to whom the

MRMQ has not been applied to date.

1.6.4 Rider perceived value of rider training
Public and private support for safety programs and thus funding are critical to

implementation of effective evidence-based programs. While the decision to fund and
implement road safety programs should be based on their actual effectiveness in reducing
crashes and related injuries and fatalities, the community’s perceived value can create a

political will to provide and even mandate programs even if no sound evidence exists to
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demonstrate their effectiveness. This may also happen in the opposite direction where the
lack of value placed by the community can be a significant barrier to implementing road
safety measures with sound evidence for effectiveness. For instance, this is observed in
relation to speed camera and bicycle helmet legislation (56-58). Measuring, understanding
and therefore addressing perceived value of interventions is useful to manage this
mismatch and enable resource allocation to the most effective interventions. One of the
ways in which community or users’ value of road safety interventions can be systematically
measured is the contingent valuation (CV) method. The CV method is a survey-based
approach in which individuals of a representative sample of the population at risk are
directly asked to value in monetary terms (willingness to pay) a hypothetical reduction in
risks of their own and possibly other people’s resulting from an intervention (59, 60). Self-
report is appropriate to measure such subjective valuation which is not necessarily directly
observable by another individual or apparatus. The present thesis therefore critically
evaluates the CV literature in order to identify the current status of self-report
measurement of perceived values of rider interventions and to inform the development of
the CV survey for this thesis. It also assesses the perceived value of a rider training and the

determinants of the perceived value via the CV survey.

1.7 Study context—evaluation of a motorcycle rider training program
A large-scale study to evaluate a motorcycle rider training program provided an ideal

opportunity to assess the self-report measures of the abovementioned key constructs. This
study, aimed at evaluating the effectiveness of the program via a randomised control trial, is

a contract project with VicRoads, the state authority for roads in Victoria in Australia, and
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supported by the former Victorian Motorcycle Advisory Council and funded by the

Motorcycle Safety Levy in Victoria, Australia.

The motorcycle rider training program, marketed as VicRide, is currently under trial in an
initiative by VicRoads for consideration for its inclusion in the graduated licensing system.
Graduated licensing is a system that delays full licensing, providing beginners with the
opportunity to first gain experience and acquire critical skills under conditions of reduced
risk. As novices gain maturity and experience, restrictions are gradually lifted and novices
are granted the opportunity to experience and master new, more complex traffic conditions
and scenarios. The system begins with the learner’s permit stage and progresses through to
two probationary (also known as restricted, provisional, or intermediate in other
jurisdictions) stages and ends with the full privilege licence stage. A diagrammatic depiction
of the graduated motorcycle licensing system in Victoria is presented in Figure 1.3, including

the learner (L), two probationary (red P1, green P2) and full licence (F) stages.

The VicRide program aims to lower the risk of on-road crashes amongst novice riders who
have advanced from a learner’s permit to a probationary licence because they are shown to
have a higher risk of crash than more experienced riders (49, 52). Formal rider training is
often promoted as an intervention to teach vehicle users skills, attitudes and motivations
relevant for the safe on-road operation of the vehicle, thereby reducing the risk of
motorcycle crashes and injuries (61-65). It is based on the assumption that it is a lack of
skills gained by experience that contributes to the higher involvements in crashes of novice
riders (55, 66-69). The VicRide program is not a basic motorcycle control skills training but a
higher cognitive skills training to develop safe riding attitudes and behaviours. Safety

concepts may not be readily embraced or internalised until novice riders acquired some
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riding experience (70). Thus VicRide is targeted at those riders who have been exposed to
riding on-road. Therefore the present sample consisted of riders who were either on the red

P1 or green P2, hereafter referred to as novice riders.

18 YEARS
OF AGE

Eye sight test;

Driver knowledge test (if no car licence);
Rider knowledge test;

Off-road practical riding test

Minimum 3 months; Valid for 15 months;
Zero BAC; No pillion passenger; No mobile phone;
LAMS*, No towing. Display L's

Eye sight test;
Motorcycle licence skill assessment (off-road);
Hazard perception test (if no car licence)

I Rider Learner's Permit

NO CAR LICENCE<

(¢ 21 years of age) P FULL CAR LICENCE

Rider Probationary Licence (P1) Rider Full Licence

12 months; Zero BAC; NO CAR LICENCE with restrictions

No pillion passenger; 3 (S C= T 12 months; Zero BAC;
No mobile phone; LAMS; ( 21 years of age ) No pillion passenger,
No towing; Display P’s LAMS

Rider Probationary Rider Probationary Licence (P2)
Licence (P2) 3 years; Zero BAC;

3 years; Zero BAC; No mobile phone;

No mobile phone; Display P’s; First 12

Display P's months — No pillion

passenger; LAMS

*LAMS: Learner Approved Motorcycle Scheme

Figure 1.3 Diagram of the Graduated Licensing Scheme for motorcycle licensing in Victoria,
Australia.

Source: VicRoads (2010) Graduated Licensing for Motorcyclists A Discussion Paper.

The VicRide program involved a four-hour on-road ride session in both metro and rural
settings followed by post-ride group discussions in a group of two to three novice riders
facilitated by a professional motorcycle coach. For the purpose of the randomised control

trial, VicRoads sent letters of invitation to motorcycle riders who had recently advanced
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from a learner’s permit to a probationary motorcycle licence. The study candidates could
opt to either visit the study website or be called by an interviewer to answer eligibility
qguestions and participate in the study. The eligibility criteria required by the VicRide
program included 1) potential participants owned a motorcycle (not a scooter or moped); 2)
their motorcycle had an engine capacity of 125cc or greater and was compliant with the
VicRoads' Learner Approved Motorcycle Scheme (which includes motorcycles with an
engine capacity up to and including 660cc but do not exceed a power-to-weight ratio of 150
kilowatts per tonne); 3) they had ridden at least 500km over at least 12 separate trips on
public roads since obtaining their learner’s permit; 4) they had been on a Victorian
probationary motorcycle licence for one year or less. If the candidates met all the eligibility
criteria they were asked to provide informed consent to participate in the study and for
their police-recorded offence and crash data to be accessed as part of the study

participation.

A scooter refers to a vehicle with or without a seat that has two or three wheels and a
footboard between the front and back wheels in Victoria. Mopeds are defined in the
Australian Design Rules as powered vehicles with two or three wheels, an engine cylinder
capacity not exceeding 50 ml and a speed not exceeding 50 km/h. Scooter and moped riders
were excluded from this evaluation trial to control for factors such as locations, reasons, and
amount of riding and maximise the statistical power to detect intervention efficacy, if any.
Potential differences between motorcycle types may contribute to different effects of the
program being evaluated and the sample size required for stratified statistical analysis was
not pragmatic for the present research context. The Learner Approved Motorcycle Schemes

(LAMS) have been introduced in some Australian jurisdictions to provide access to a range
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of motorcycles that excludes high power-to-weight models. VicRoads requires all Victorian
learner and probationary riders to only ride LAMS approved motorcycles. Criterion 3 also

ensured that those riders who have been exposed to riding on-road were recruited.

The evaluation of VicRide involved the use of self-report surveys and police-recorded crash
and traffic offence data of the study participants. The self-report surveys were designed
specifically for this study based on previous research. Specifically, the surveys included
riding exposure questions, previously developed questionnaires on riding behaviours and
riding motivations, namely the Motorcycle Rider Behaviour Questionnaire (10) and the
Motorcycle Rider Motivation Questionnaire (11) respectively, questions on willingness to
pay for VicRide as well as questions on socio-demographics. This evaluation study therefore
provided an ideal opportunity to assess the validity, reliability, and relevance of self-report
measures used in motorcycle safety research amongst novice riders. The present sample

consisted of novice riders who participated in this randomised control trial.

1.8 Contributions by the present author
As the author of this thesis, | had significant input in the development of the overall

methods to implement the randomised control trial for this contract project with VicRoads
including the development of the randomisation algorithm, recruitment and interview
procedures, and data collation. | was involved in the design of the evaluation surveys with
the investigative team. | also designed the majority of the phone recruitment method
including the development of the phone recruitment interview script for the overall trial and
the entire contingent valuation survey presented in Chapter 6. | was the Project Manager
for the overall contract project managing all aspects of the project including obtaining ethics

approval, stakeholder relationship management (especially to ensure timely recruitment
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and program delivery), data management, risk management, and responding to all study
participant queries with respect to the evaluation. | was fully responsible for the conduct of
the literature review presented in Chapter 2, and the conceptualisation of each of the four
studies presented in Chapters 3-6 and the conduct of all the associated statistical analyses. |
prepared the first drafts of the manuscripts presented in Chapters 3-6 and of response to
reviewers’ comments, and was responsible for finalising all the manuscripts for submission

for publication.

1.9 Aims and objectives
The broad aim of this thesis is to explore the appropriateness and relevance of self-report in

measuring four key constructs in motorcycle safety research, namely, riding exposure, on-
road riding behaviours, riding motivations, and rider perceived value of rider training

amongst novice riders.

The specific objectives of this thesis are:

1. To provide a critical review of the literature on the self-report measurement of riding
exposure, on-road riding behaviours, riding motivations, and rider perceived value of
rider training (Chapter 2).

2. To examine and identify best practice self-report measures of riding exposure
amongst novice riders (Chapter 3).

3. To examine the applicability of a self-report measure of riding behaviours amongst
novice riders; specifically the Motorcycle Rider Behaviour Questionnaire that was
developed amongst experienced riders based on the widely used Driver Behaviour

Questionnaire (Chapter 4).
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4. To examine the applicability of a self-report measure of riding motivations amongst
novice riders; specifically the Motorcycle Rider Motivation Questionnaire that was
developed amongst experienced riders (Chapter 5)

5. To develop and conduct a contingent valuation survey and examine the perceived
value of a motorcycle rider training program and its determinants amongst novice
riders (Chapter 6)

6. To provide a summary of principal results presented in Chapters 3—6, main
limitations of the studies, an assessment of the appropriateness and relevance of
self-report in motorcycle safety research, and recommendations and conclusions

highlighting the original contribution of this thesis (Chapter 7).

1.10 Structure of thesis
This thesis is submitted as a hybrid thesis under The University of Sydney, School of Public

Heath guidelines. This thesis is a collection of two published (Chapters 2, 6), one in press
(Chapter 3), and two submitted manuscripts under review (Chapters 4, 5), each presenting
original research concerning the self-report measures used in motorcycle safety research.
Each manuscript included in this thesis provides a detailed description of the methodology
and therefore a separate methodology chapter is not included. Overall the research
presented in this thesis provides recommendations for improving self-report methodology
used in novice rider safety research as well as related recommendations for motorcycle

safety and broader road safety research, policy and practice.
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Chapter 2: Literature Review

2.1 Preamble
Chapter 2 provides a critical review of the literature to identify the knowledge gaps and the

significance of the aims of the four studies that comprise the present thesis. This addresses
the four key constructs in turn — riding exposure (2.2), on-road riding behaviours (2.3), riding

motivations (2.4), and rider perceived value of training (2.5).

2.2 Self-report measurement of riding exposure

2.2.1 Background
In road safety, exposure, generally defined as some measurement of the amount of travel

(1, 2), is one of the most fundamental concepts. With respect to road safety evaluations,
comparisons of the number of crashes only can be misleading if exposure is not taken into
account. For example, the number of motorcycle crashes may reduce from pre to post
intervention but that may be due to an already existing decreasing trend of number of
motorcyclists on the road or amount of riding and not due to the intervention. When
comparing relative risks between different road user groups, crash risks that do not take
into account exposure can be misleading (3, 4). In 2011 Australia had 201 motorcyclist
deaths, much fewer than the 579 car driver deaths (5). This was mainly due to fewer
motorcyclists on the road than car drivers. Once exposure is taken into account the death
rates are 2.96 per 10,000 registrations for motorcyclists and 0.55 for car drivers (5),

shedding light on the significance of the motorcycle safety issue.

Valid and reliable measurement of exposure is crucial to understand factors that contribute

to increased or decreased risk of a crash. While the importance of the exposure concept is
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generally understood in road safety, the best way to measure it is less known, especially for

motorcyclists. The issues of riding exposure measurement are explored next.

2.2.2 Operationalisation of riding exposure
In order to understand the best way to measure riding exposure, a clear operational

definition must be considered first. Exposure could be measured as number of vehicle
registrations, licence holders, on-road trips, distance travelled (km, miles) or time duration
(hours, minutes) of travelling on road. Whilst the appropriateness of each of these exposure
measures would depend on the research or policy question, they respectively bear
limitations and may misrepresent the real risk. For example, the calculation of motorcycle
crash rates in terms of licence holders and registration can underestimate the size of the
motorcycle problem because those units may not reflect the real exposure of motorcyclists
on road. This is because having a motorcycle licence does not necessarily mean that all
licence holders actually ride on road. Similarly, having a motorcycle registration does not
necessarily mean that all registered people actually ride the registered vehicles on road.
Some riders may keep their motorcycle licence for historical reasons but not necessarily
own and ride a registered motorcycle. In many Australian states (e.g. Victoria, NSW and
Queensland), though separate licences, motorcycle and car licences are linked to a single
identification number. In addition, a single fee renews a car licence as well as a motorcycle
licence automatically even if the licence holder may no longer be riding. Retired riders can
also return to riding without this being reflected in the licensing figures. The ratio of licence
holders to registered motorcycles has been reported to be greater than two to one in
Victoria and almost five to one in NSW (6). Others may be dual owners of a car and a

motorcycle or multiple motorcycles but rarely ride a certain vehicle, making vehicle
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registration an inaccurate representation of their riding exposure. For example, only 47% of

motorcycle licence holders aged over 30 in Victoria were found to be active riders (7).

For these drawbacks of licence and registration data as riding exposure measures, a more
suitable operational definition of riding exposure would be the amount of actual riding,
which can be quantified in terms of distance and time duration travelled, and number of
riding trips. A review of the literature indicated that few exposure studies either conducted
in Australia or internationally have included motorcyclists (e.g. 8, 9) and only one published
peer-reviewed study was identified that focused on motorcyclists in Australia (10). Most
exposure studies involve drivers only, and there is dire need to develop and improve

measurement of riding exposure.

2.2.3 Self-report methods of exposure measurement
The literature review identified that self-report surveys are frequently used to measure

driving and riding exposure. A summary of these studies is provided in Table 2.1, identifying
the study population, self-report methods and units of exposure measurement. Self-report
surveys can be conducted via phone interviews (e.g. 3, 4, 11, 12), postal questionnaires (e.g.
9, 10, 13, 14), or computer questionnaires (e.g. 15). These surveys can be accompanied with
travel diaries/logs (e.g. 8, 16) in which the study participants are required to record details
about their trips and/or odometer readings for a certain time period in a designated vehicle

for the study.

Common issues arise from these self-report exposure studies. First, often how the exposure
guestion was asked was not reported (17-19), therefore it is difficult to assess and improve
the validity and reliability of the exposure questions. Second, it is not clear what the

optimum time period is about which exposure should be asked. Some studies extrapolate
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the weekly distance to derive annual distance (e.g. 20, 21) but it is not clear if the distance
obtained for the week is representative of the distance in a year therefore potentially
making this extrapolation inappropriate. No study has directly compared the exposure
collected for a certain period (e.g. week) and for a longer period (e.g. year) from the same
individual. Third, most studies do not provide evidence for the validity of the self-reported
exposure in terms of unit (trips, time, distance) or source (travel diary, self-reported
odometer, unaided question). Therefore, evidential consensus for the best unit of riding
exposure is lacking. It is important to assess what unit produces the most valid and reliable
measure of exposure in order to develop valid and reliable self-report exposure measures.

The units of exposure measurement are explored in more detail in the next section.

2.2.4 Units of exposure measurement
The literature review identified that distance in kilometres or miles of travel is the most

commonly used unit of exposure, but sometimes time in hours and/or minutes of travel,

and number of trips are also used (see Table 2.1).

Driving exposure studies have shown mixed results in terms of risk patterns with varying
units of exposure. One study showed that changing the unit from kilometres to hours did
not change the finding that the very young and the very old drivers have higher crash risks
(22). It also showed positive association between miles and minutes driven, except for 18-24
year olds who drove more minutes and trips to home, school, and work, but drove more
miles to other social and recreational distances (22). However, another study showed that
the number of trips did not correspond to the same patterns observed in the number of
minutes or miles driven (15). When the average speed is similar, time and distance gave
equivalent information about exposure, highlighting the need for exposure to consider both

time and distance (23). Another study showed that while young male drivers remained at
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high risk for all types of exposure, older women had high crash rates when distance was
included but men and women over 60 had very similar crash rates when time exposure was
used (20). This study also highlighted that apparent differences in crash risk per kilometre is
explained by differences in typical driving speed and environment (20). The optimal units of
exposure are not clear in understanding crash risks amongst drivers, and much less clear
amongst motorcyclists for which exposure studies are rare. Therefore the validity and
reliability of self-report riding exposure measures of varying units were assessed in the

present thesis.

TABLE BEGINS OVERPAGE.
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Table 2.1 Review of self-report driving and riding exposure studies

Study

Sample

Method of exposure measurement

Unit of exposure
measurement

(25) af Wahlberg 2011

The accident-exposure association:
Self-reported versus recorded
collisions

N=157 bus drivers.

Source/Location = Sweden 1999-
2001.

How exposure data collected not
reported except that the hours worked
per year data were available for 1999-
2001.

Number of hours
worked as a bus driver.

(8) Beck et al. 2007

MV crash injury rates by mode of
travel, United States: Using
exposure-based methods to
quantify differences

Source/Location = National
Household Travel Survey (NHTS)
2001, USA.

Phone survey accompanied with travel
diaries completed by all members of
the household on a randomly assigned
travel day.

Person-trips (one-way
journey between two
points).

(23) Chipman et al. 1992
Time vs. Distance as measures of
exposure in driving surveys

N = 3686 drivers 16 years and
over.

Source/Location = urban, rural,
and northern regions of the
province of Ontario, Canada,
1988.

Mail survey accompanied with
e 3-day diary — all drivers aged
60+ and half of drivers aged <
25
e 1-day diary —the remainder.

Diary entries:
e Odometer readings
e Clock times.

The arbitrary cut-off points used to
exclude improbable data (the upper
and lower 5% of the speed index
distribution).

e km/day
e hr/day.

(20) Chipman et al. 1993
The role of exposure in comparisons
of crash risk among different drivers

N = 3686 drivers 16 years and
over.

Mail survey accompanied with
e 3-day diary — all drivers aged
60+ and half of drivers aged <

e Annual km
e Driver days.
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and driving environments

Source/Location = urban, rural,
and northern regions of the
province of Ontario, Canada,
1988.

25
e 1-day diary —the remainder.

Diary entries:
e Odometer readings
o Clock times.

Extrapolation:

Mean daily distance and time spent
driving were used to estimate the
annual driver km and driver days.

(16) Doherty et al. 1998

The situational risks of young
drivers: The influence of
passengers, time of day and day of
week on accident rates

N=306,319 drivers 16-59 years
involved in police reported
crashes.

Source/Location = Province of
Ontario, Canada, 1988.

Mail survey accompanied with
e 3-day diary — all drivers aged
60+ and half of drivers aged <
25
e 1-day diary —the remainder.

Diary entries:
e distance
e day of week
e time of day
e roadway type
e number of passengers.

Mean daily driver km by
group and situation.

(15) Ehsani et al. 2011
Driving exposure by driver age in
Michigan

N=14,315 households.

Source/Location = Michigan
Department of Transportation’s
state wide survey, USA.

Phone, mail or web survey
accompanied with travel diary.

Diary entries:

Minutes and number of tripsin a
consecutive 48-hour travel period for
every household member occurring on

e Minutes of driving
e miles driven
e number of trips.
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Mondays — Thursdays during the school
year.

Miles driven calculated by the authors
using origin and destination coordinate
data points projected onto a road
network of Michigan using ArcGIS
version 9.3.

(17) Engstrom et al. 2008 N=124, 960 crashes No information other than exposure Annual km.
Young drivers—Reduced crash risk N=38,186 million person km. data collected annually in a national
with passengers in vehicle study reported.
Source/Location = National study
of the driving habits of licensed
drivers, Sweden, 1994-2000.
(20) Harrison and Christie 2005 N=794 people who had Two mail surveys. Annual km.

Exposure survey of motorcyclists in
NSW

registered motorcycles.

Source/Location = NSW,
Australia.

Questions:
e odometer reading
o date of reading
e self-estimates of riding distance
in the preceding week, month
and year.

Extrapolation:

Difference between the two odometer
readings multiplied by 365 divided by
days elapsed between the dates of
readings.

(22) Kam 2003
A disaggregate approach to crash

N=21,580 households;
57,823 respondents;

Mail survey accompanied with a travel
form completed by each member of

e Crash per km
e crash per 10,000
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rate analysis

224,203 travel stops.

Source/Location = Pooled
Victorian Activity and Travel
Survey (VATS) data from 31 local
government areas within the
Melbourne Statistical Division,
Australia, 1994 — 1997.

the household.

Entries on the assigned travel day:

e all travel stops

e starting and arrival time

® purpose

e mode

e addresses of the origin and
destination (or nearest cross
streets).

hours
e Crash per million
trip-km.

(14) Langford et al. 2006 N = 47,052 drivers. Bi/annual mail survey. Annual km.
Older drivers do not have a high
crash risk-A replication of low Source/Location = Annual Question not specified.
mileage bias surveys 1990-95 and biannual
surveys 1997-2003 combined,
Netherlands.
(13) Lourens et al. 1999 N =35, 275 stratified sample of Bi/annual mail survey. Annual km.

Annual mileage, driving violations,
and accident involvement in
relation to drivers’ sex, age, and
level of education

drivers from a representative
Dutch population sample aged
15+,

Source/Location = Dutch
research institute’s large-scale
national survey.

Question:

Km driven in a car in the last year (exact

as accurate as possible).

(24) Ouimet et al. 2010

Using the US NHTS to estimate the
impact of passenger characteristics
on young drivers’ relative risk of
fatal crash involvement

N=26,038 households with trips
of one or two occupants.

Source/Location = NHTS 2001
USA.

Mail survey.

Questions:
e trip distance in miles
e trip purpose
e number of vehicle occupants

e Annual vehicle trips
(1=one-way travel
from one address to
another)

e \Vehicle miles
travelled (VMT)
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e age and sex for household
members.

expressed in
10millions.

(9) Segui-Gomez et al. 2011
Exposure to traffic and risk of
hospitalization due to injuries

N =12,369 road users in
passenger cars, and/or
mopeds/motorcycles.

Source/Location = Spanish
university graduates.

Mail questionnaire followed up two-
yearly up to 8 years.

Questions:

e average travel in km per year in
passenger cars (<1,000, 1,001—-
10,000, 10,001-20,000, 20,001—
50,000, and > 50,001) or on
mopeds/motorcycles (never,
<1,000, 1,001-5,000, 5,001-10,000,
>10,001) at baseline

e merged question and categories
(<1,500, 1,501-5,000, 5,001—
10,000, 10,001-20,000, and 2
20,001) at follow-up.

Annual km in one of the
five-categories that
summarise

mid-point range average
distances travelled
(1,000,

3,250, 7,500, 15,000, or
25,000).

Note: Exposure studies including motorcyclists are in shaded cells.

TABLE ENDS HERE.
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2.2.5 Testing the validity and reliability of self-report exposure measures
A review of the literature identified that whilst the validity and reliability of self-report

exposure measures are not examined or reported in most driving exposure studies, they
have been critiqued in some driving exposure studies. A summary of these validity studies is
provided in Table 2.2, identifying the methods and units of exposure measurement, and the
validation tests used and their results. It is apparent that these validity studies are also

mostly for drivers, and validity studies on riding exposure are lacking.

It is not clear whether the errors detected in self-report exposure studies for drivers that do
exist can be generalised to drivers in general, let alone riding populations. Several studies
used in-vehicle electronic devices to refute the validity of self-reported exposure surveys
(e.g. 26, 27). These studies only consisted of 61 drivers aged between 67 and 92, thus
validity found may only apply to old drivers, whose recall can be expected to be poor in
general (26, 27). Another study was based on teen drivers and it is not clear if their results
can be generalized to motorcycle riders or novices who are less experienced but not
necessarily young (28). Staplin et al (2008) found a discrepancy in the number of those who
self-reported to drive less than 5000 miles per year in a survey and the number of drivers
found in an Emission Exemption Database (EED) that contains information of vehicle owners
who are exempt from emission testing because they drive less than 5000 miles per year.
However, the EED contained only those who ‘self-certified’ to drive less than 5000 miles per
year and there is a financial incentive for respondents to report they drive less than 5000
miles/year to be exempt from emission testing. Hence the data Staplin et al (2008) used to

validate self-report is likely to suffer from self-selection bias.

A number of studies that have attempted to validate self-reported exposure measures also

lack rigour in the analyses. Some validation studies used coarse analysis such as percentage
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difference between self-report and another measure of exposure (21, 29) and it is not clear
at what percentage the error could be assessed as acceptable measurement. Other
statistical analyses used to compare two exposure measures include paired t-test (26-28),
calculation of coefficient of variation and measurement error (26, 27), or correlations (28,
30). Although more rigorous, they cannot solely provide sufficient evidence for the validity
and reliability of the self-report exposure measures. For example, a non-significant result
from a t-test between self-report and another (assumed to be valid) measure could mean
that both over and underestimations existed to an equal extent rather than supporting the
validity of self-report. Significant positive relationship between self-report and a standard
measure could mean that both have a monotonically increasing relationship but not
necessarily at equal values. Values of coefficient of variation indicate the spread of the
distribution. However, equal variance between self-report and standard measure as
indicated by equal coefficient of variation does not mean that the two measures have equal
values. Hence a comprehensive set of analyses is required to provide sufficient confidence

for the validity and reliability of the self-report exposure measures.

The Bland-Altman plot and coefficient of variation can complement the paired t-test and
correlation. The Bland-Altman plot that graphs the difference between the two measures
against the mean of the two measures with the mean difference and the limits of
agreement identified (31) provides more insight into the paired t-test results and whether
the level of agreement is related to the underlying value of the two measures. The limits of
agreement calculated as the upper and lower 95% confidence intervals (u+1.96xSD where p
= mean difference between the two measures; SD = standard deviation of the mean

difference) provides the range in which the two exposure estimates should lie across all
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levels of exposure if the two measures tend to agree. The coefficient of variation is
particularly useful when examining the consistency between two measures of the same
construct but in different units (e.g. kilometres versus hours of exposure). If the spread of
the distributions of the two variables compared were similar as indicated by coefficients of
variation of similar magnitude, then the two variables can be considered comparable.
Hence the exposure study in the present thesis used a comprehensive set of analyses
including the paired t-tests with the aid of the Bland-Altman plot, correlations, and the
calculation of the coefficient of variation and measurement error, to perform validity checks

and reliability tests.

Another study used quasi-induced exposure to test the validity of self-reported exposure
(32). Quasi-induced exposure (QIE) method has been employed to circumvent the practical
difficulties of collecting exposure information (e.g. 33-35). This method is convenient in that
it relies solely on crash data to calculate rates. In a multiple vehicle crash one is determined
to be entirely responsible for the crash and the other/s entirely not responsible. The ‘not-at-
fault crashes’ is then used as a proxy exposure measure under a few assumptions. This
method assumes that fault assignment is valid and reliable, and the not-at-fault drivers are
involved in a crash randomly and passively and hence represent the entire driver population
who are exposed to the crash risk condition. However, the QIE method in itself bears
limitations and until they are resolved the validation of self-report exposure with QIE might
be premature. First, the assignment of fault in crashes can be a problematic process, which
may be biased by variables that are of interest to the study. For example, if the aim was to
understand the crash risks of young riders in comparison to older riders, young riders may

be more likely to be blamed for the crash (36-38) even though they may not have been
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really at fault. Second, assignment of fault neglects significant contributing factors to the
crash that may not be easily identified or proven. As a hypothetical example, a rider with
little riding experience may be less likely to respond to the errors of others and be involved
in a crash with a rider who did not give way at the signed intersection. The low experience
might have contributed to the crash but the fault might be entirely assigned to the latter
rider. Third, the data on not-at-fault drivers is likely to be less reliable because the police
might be less motivated to collect data on not-at-fault drivers. All these limitations could

bias the results significantly.

All'in all, it is not yet clear whether self-report exposure measures should be completely
ruled out as a method for collecting riding exposure information. Overcoming the
disadvantages of self-report exposure measures (i.e. questionable reliability and validity)
with improved exposure question designs is possible. However, no exposure study has
specifically provided practical recommendations for how to best ask the question to collect

valid and reliable exposure information.

One way to validate a measure is to incorporate a variety of thematically related measures
into the same investigation (39). Information can be gathered from the same individuals
using several different measures of exposure. Hence, Study 1 in the present thesis examined
the relative validity and reliability of various self-report exposure questions amongst novice
riders by comparing self-reported exposure estimates by the same individuals using
alternative estimation procedures. This was to help identify the best unit of riding exposure

and recommend the best practice self-report exposure questions, if feasible.

TABLE BEGINS OVERPAGE.
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Table 2.2 Review of validation studies on self-report driving exposure measures

Study Sample Method of exposure Unit of Validation tests and results
measurement exposure
measurement
(26) Blanchard et al. | N=61 older drivers aged Pre-formatted trip logs (driver | Minutes, Time — CarChip vs diary:

2010
Correspondence
between self-
reported and
objective measures
of driving exposure
and patterns in older
drivers

between 67 and 92 from
South-western Ontario,
Canada who had a valid
licence, drove at least
once a week, the sole
household driver or
shared one vehicle.

name, no. and relation of
passengers, no. of stops and
weather of each trip) and
daily activity diaries
(departure/return times,
destinations, modes of travel,
estimated travel time).

“Can you estimate the
number of km you drove this
past week? If so how many?”
Those who hesitated
prompted to try. If still
hesitant, missing data. Only
53% gave self-estimates.

“How long are most of your
driving trips each way? -
<15min; 15-30min; 30-60min;
or >60min” for 34%.

CarChip (for time of day,
distance etc) and Otto Driving
Mate, lightweight GPS device

number of trips,
km.

Driving time comparable when
restricted to trips recorded by both
the diary and CarChip.

Trips — CarChip vs diary/log:
CarChip recorded more trips than
diary/log (agreement worse for log
than diary).

Distance — CarChip vs self-estimate:
Non-significant difference but both
under and overestimation and
poorest agreement of all the units;
Coefficient of variation = 44.5%;
Measurement error = 77.5km.

49

—
| —




(for mapping roadways and
manoeuvres).

(27) Huebner et al.
2006

Validation of an
electronic device for
measuring driving
exposure

Canadian drivers: 14 men
aged 60-89 and 6 women
aged 62-81 who held a
valid driver’s licence, had a
1996 or newer model
vehicle, and were its sole
driver.

CarChip plugged into the
electronic (OBDII) system of
vehicles 1996 or newer — trip
information recorded each
time the vehicle is started

during the week study period.

Questionnaire at the end of
the study week including a
question on how many km
driven in the previous week.

Weekly km.

Paired t-test:
Non-significant most likely due to
both over and underestimation.

Coefficient of variation = 33.6%.

Measurement error = 110km.

(40) Joly et al. 1993
Exposure for
different license
categories through a
phone survey:
Validity and
feasibility studies

Study 1:

N=35 long distance truck
drivers from a Canadian
truck company.

Study 2:
N=40 Montreal bus
drivers.

Study 3:
N=32 private car drivers.

Study 1:

Self-reported via telephone
interview versus mileage and
time recorded in company
logbooks.

Study 2:

Self-reported via structured
face-to-face interview versus
Transport Commission data.

Study 3:

Self-reported via telephone
and face-to-face interviews
versus self-filled logbooks at
the time of travelling.

Distance, time

Study 1:
Distance
e Wilcoxon test — non-
significant
e r=.82 (significant)
Time

e Wilcoxon test — significant
e r=.67 (significant).

Study 2:
Distance
e Wilcoxon test — significant
e Non-significant correlation
Time
e Mean difference = 0.

Study 3:

50

—
| —




Distance
e Wilcoxon test — non-

significant
e r=.90 (significant)
Time
e Wilcoxon test —non-
significant

e r=.81 (significant).

(21) Langford et al. N=18,509 vehicle records | NHTS 2001 question: Annual km. Percentage difference [(SR-
2008 with a known primary “During the past 12 months odo)/SRx100]:
In defence of the driver plus ratio of vehicle | about how many miles was Modest differences, little impact on
‘low mileage bias’ to drivers between 0.5 and | the vehicle driven by all any subsequent calculation of per-
1.5, and those with self- drivers?” distance crash rates.
report and odometer Range responses assigned
mileage were extracted with the mid-point value. Crash rates based on odo vs self-
from the NHTS 2001 USA. reported annual mileage:
For vehicles owned for less Low mileage drivers — crash rate
than 12mths — “About how substantially reduced
many miles has this vehicle Medium and high mileage drivers —
been driven since you had it?” crash rate altered slightly.
Extrapolation: The commonly found observation of
2 odometer readings at least 2 heightened crash risk for low
months apart (up to 4 mileage drivers across age groups
months) extrapolated to 12 and particularly high for old low
months controlling for mileage drivers still existed albeit to
seasonal difference in the a reduced extent.
travel volumes.
(32) Lardelli-Claret et | N=27,934 drivers aged 15- | Spanish Household Survey on | Annual km. Both methods detected similar crash

al. 2011

64 residing in Spain Nov

Alcohol and Drugs.

risk patterns (increased risk for the
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Comparison of two
methods to assess
the effect of age and
sex on the risk of car
crashes

2005-April 2006.

For those who had driven a
car during the previous year
(n=17,053) - km driven in the
previous year in eight range
categories.

Quasi-induced
exposure
methodology
(based solely on
crash data to
estimate
exposure).

youngest and oldest compared to
middle-age; for males compared to
females in the youngest age group
18-20).

(28) Leaf et al. 2008
Driving miles
estimates by teen
drivers: how
accurate are they?

N=118 teens participating
in a longitudinal study of
parent influences on teen
driving; who obtained
their Learner’s in
Connecticut, USA 2000-

2001 and licensed <1 year.

Two interviews between Feb
and Aug 2002, about 10 days
apart.

A daily trip log of each driving
trip in the 7 days prior to the
2" interview.

Phone interviews:

e Unaided overall estimate
of miles and trips (a
journey from one point to
another) driven in the
preceding week

e Sum across the
enumerated trips on each
of the 7 days and miles for
each trip. (1% week recall;
2" week based on triplog)

e Teens who drove their
own vehicle (N=58) called
for an odo reading prior to
the first week and asked

Miles per week.

Non-shared vehicle drivers:

Odo and aided mileage not
significantly different but both
significantly higher than unaided
mileage;

Week 1 correlations = 0.65 —0.73
Week 2 correlations =0.16 — 0.75.

Shared vehicle drivers:

Difference between aided and
unaided decreased in week 2 after
filling out daily trip logs.
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for odo in each interview.

(29) Staplin et al.
2008

‘Low mileage bias’
and related policy
implications-A
cautionary note

N=331 drivers aged 75+
found in two datasets in
the same timeframe —
Emission Exemption
Database (EED) and
Maryland Pilot Older
Driver Study (MaryPODS)
USA.

N=1868 who self-reported
weekly and annual miles
driven in MaryPODS.

N=11,013 drivers whose
ratio of no. of vehicles to
no. of drivers for a given
household was 0.5-1.5 in
NHTS 2001 USA.

Emission Exemption Database
(EED) containing individuals
aged 70+ who self-reported to
drive their vehicle
<5000miles/year to qualify for
emission testing exemption
(N=90,136).

MaryPODS, driving history
guestionnaire from Maryland
Pilot Older Driver Study.

Annual mileage based on
odometer reading and based
on self-report from NHTS
2001.

Weekly miles
driven & annual
miles driven in
MaryPODS.

Annual km from
NHTS 2001.

Test 1 — EED vs MaryPODS: 30% in
EED (by definition only drive
<5000miles/year) self-reported to
drive >5000 miles/year in the
MaryPODS survey.

Test 2 — % difference [(Weekly
mileagex52)/Annual mileage] of 2
self-estimates within MaryPODS:
100% difference for 10%+ of sample,
50% difference for 40%+ of sample.

Test 3 — Self-reported mileage vs
miles recorded by in-vehicle GPS for
the same trips: Overestimation by
high mileage drivers;
underestimation by low mileage
drivers (i.e. frequent and short
trips).

Test 4 — Percentage difference [(SR-
0do)/SRx100] of 2 estimates from
NHTS 2011 plotted by low, medium,
high mileage groups:
Underestimation highest for low
mileage drivers; slight
overestimation by high mileage
drivers.
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(30) White 1976
On the use of annual
vehicle miles of
travel estimates
from vehicle owners

N=911 automobile and
station-wagon inspection
receipts, North Carolina
1974.

Odometer readings on
inspection stickers collected
11-13 months apart.

3month follow-up mail survey
of the vehicle owners of the
inspection receipts.

Question:

“How many miles was this
vehicle driven during the past
12months?”

Annualized
odometer

derived miles.

Self-reported
annual miles.

r=0.67 (n=433).

Symmetric distribution of
differences centred near O.

Mean difference = 423 miles
(SD=5363 miles).

Regression model [Self-estimate
=0.6x(odo)+ 4039] implied owners
of low usage vehicles (<12,000miles)
tended to overestimate annual VMT
whereas owner of high usage
vehicle tended to underestimate it.

TABLE ENDS HERE.
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2.2.6 Summary of the literature review
The following text box summarises the key take away points from the literature shown in

Tables 2.1 and 2.2.

KEY TAKE-AWAY POINTS FROM THE LITERATURE REVIEW TABLES 2.1 and 2.2:

e Most exposure studies are on drivers and motorcycle riding exposure studies are almost
non-existent.

e Self-report is heavily used to measure driving exposure but the appropriateness of self-
report to measure riding exposure is not clear.

e Many self-report exposure studies do not specify the method in detail as to how the
exposure question was asked, or use questions that seek estimates only.

e Most road safety studies do not provide evidence for the validity of the self-reported
exposure measure used in whatever unit (trips, time, distance) or source (unaided
guestion, self-reported odometer).

e Self-report exposure validation studies that do exist lack a comprehensive set of
statistical analyses to provide sufficient evidence for the validity and reliability.

e Best practice design of exposure questions is not well understood, specifically, the best
unit of exposure in self-report exposure measures is not clear.

2.2.7 Research objectives arising from the exposure literature review
Overcoming the disadvantages of self-report exposure measures with improved exposure

guestion designs is possible. Study 1 in the present thesis therefore had the following

objectives:

1. To examine various self-report riding exposure questions of different units (distance,
time, number of trips), sources (self-estimates, self-report odometer), and
timeframes (week, month, three months) in order to assess the appropriateness of

self-report to measure riding exposure amongst novice riders;
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2. To conduct validity checks and reliability tests of different self-report riding exposure

measures via a comprehensive set of statistical analyses;

3. To analyse possible sources of differential reliability of self-report riding exposure

measures;

4. To provide recommendations on best practice self-report riding exposure questions

based on the present results.

2.3 Measurement of on-road rider behaviours

2.3.1 Background
Historically, risky on-road behaviours have been dichotomised broadly into errors and

violations (41). Errors relate to cognitive processing problems and have been referred to as
“the failure of planned actions to achieve their intended consequences” (p.1315) e.g. slips,
lapses, and mistakes (41). Violations have been referred to as “deliberate deviations from
those practices believed necessary to maintain safe operation” (p.1316) e.g. speeding (41).
The Driver Behaviour Questionnaire (DBQ) has been widely used in studies of drivers to
measure on-road risky behavioural errors and violations. A similar measure, namely the
Motorcycle Rider Behaviour Questionnaire (MRBQ), has been developed specifically for
motorcyclists based on the same theory as the DBQ to measure errors and violations via
self-report (18). The MRBQ also measures the use of motorcycle safety equipment (18).
Understanding motorcyclists” on-road behaviour through valid and reliable measurement is
critical for not only the development but also the evaluation of interventions specifically
targeted for motorcyclists. In this thesis, self-report measurement of on-road riding

behaviours is assessed with respect to the MRBQ.
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2.3.2 Self-report measure of riding behaviours: MRBQ
The 43-item MRBQ was developed to identify behavioural factors influencing motorcyclists’

crash risk (18). Respondents are asked to rate on a 6-point Likert scale from ‘never’ to
‘nearly all the time’ how often they display the behaviour described while riding. For all the
scales, higher scores indicate more frequent display of the behaviour described. Two studies
have so far examined the value of the MRBQ amongst experienced motorcyclists in the UK

(18) and Turkey (19) showing, to some extent, consistent results.

Understanding, and thus measuring, novice riders’ on-road riding behaviours in particular
can be beneficial to address their overrepresentation in crashes (42, 43). However, self-
report behavioural measures for novice riders with proven validity and reliability are lacking,
and no published study has examined the applicability of the MRBQ amongst novice riders
in Australia. Testing the validity and reliability of the MRBQ amongst novice riders is
essential before its use in further research and practice, and is useful to examine the
applicability of the already developed MRBQ to novice riders first before considering the
development of a new measure altogether. Given the MRBQ is a relatively new measure
and is based on the widely studied DBQ, both the DBQ and the MRBQ literature are

reviewed to identify the gaps in understanding the psychometric properties of the MRBQ.

2.3.3 Psychometric properties of the DBQ
A summary of the literature on the psychometric properties of the DBQ is provided in Table

2.3. It identifies the study population, the methods used, and the results with respect to the
DBQ factor structure, internal consistency, stability, predictive validity, content validity, and
other related variables. It is apparent that although ample DBQ studies exist, they have

rarely examined all those psychometric properties comprehensively. Only one study has
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examined all but the content validity of the DBQ (44), and only two studies (45, 46) have

examined them all.

Variations in the DBQ factor structure, reliability and validity are also evident from the
review of the DBQ literature. Although the errors versus violations distinction seems stable,
different sampling strategies, different target populations, driving purposes (work versus
leisure) and traffic cultures seem to influence the stability of the DBQ factor structure. The
extracted DBQ factors have also been commonly found to be significantly related to gender,
age, and experience. Men, young drivers, and those with more driving distance and longer
driving hours tend to show more violations than women, older drivers, lower distance, and
less hours (41, 44, 46-51). Females and those with more driving hours tend to show more
errors and lapses (47, 48). Similar to the demographic and cross-cultural variations in the
DBQ factor structures and DBQ-crash relationships (48, 49, 52-55), the MRBQ psychometric

properties and MRBQ-crash relationships may vary within different target populations.

TABLE BEGINS OVERPAGE.
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Table 2.3 Studies on the psychometric properties of the Driver Behaviour Questionnaire (DBQ)

Reference

Sample

Procedure and analysis

Results

(50) Aberg and Rimmo 1998
Dimensions of aberrant
driver behaviour

N=1429 drivers selected from
the official register of Swedish
car owners aged 18-70. Owners
of cars older than 11 year
excluded.

Mean age = 42 (SD=16)

29% females

Mean years of driver licence =
22 years (SD=14)

Mean annual mileage =
21,000km/year
(SD=7800km/yr).

Postal survey including new
Swedish specific DBQ items.

Principal component analysis
with VARIMAX rotation.

Factor analysis:
Four factors-violations; mistakes;
inattention; inexperience errors.

Internal consistency: NA.
Stability: NA.
Predictive validity: NA.

Variables related to DBQ factors:
Violations and mistakes related to age
(-); violations and inexperience to
annual mileage (+&- respectively); all
but inattention to gender (males
showed more violations and mistakes
but females more inexperience errors).

(62) af Wahlberg et al. 2011
The Manchester Driver
Behaviour Questionnaire as a
predictor of road traffic
accidents

Four samples from different
studies:

N=307 US drivers (mean age =
69.6)

N=238 UK drivers (mean age =
46.7)

N=141 Swedish drivers (mean
age = 45.6)

N=153 Canadian drivers (mean
age =42.6).

48-item DBQ for the US study
50-item DBQ for the UK study
32-item DBQ for the Swedish
study

15-item DBQ for the Canadian
study.

Self-reported and recorded
accidents.

Factor analysis:

US — two, errors and violations
UK —three

Sweden — two

Canada —one.

Internal consistency: NA.

Stability: NA.
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PCA with VARIMAX rotation.

Correlation.

Predictive validity:

US — none

UK —none

Sweden — errors significantly correlated
with self-reported bus accidents
Canada —none

(49) Blockey and Hartley
1995

Aberrant driving behaviour:
Errors and violations

61 male and 74 female drivers
recruited in places of
employment and Murdoch
University psychology students,
Western Australia.

72% =<26 years
55% females
45% university students.

Questionnaires distributed for
later collection.

Self-reported questions:

e convictions for speeding,

e dangerous driving,

e driving under the influence
of alcohol,

e other offences,

e driving accident in lifetime.

Principal component analysis
with VARIMAX rotation.

Multiple linear regression.

Factor analysis:
Three factors—general errors;
dangerous errors; dangerous violations.

Internal consistency: NA.
Stability: NA.

Predictive validity:

Speeding convictions positively related
to violation

Convictions other than speeding,
dangerous driving or driving under the
influence of alcohol positively related
to general errors.

Variables related to DBQ factors:
Dangerous errors and violations with
age (-), exposure (+), and gender
(females reported more dangerous
errors and less violations than males).

(60) Davey et al. 2007
An application of the Driver
Behaviour Questionnaire in

N=443 Australian fleet drivers
aged 18-68 in both urban and
rural areas.

Postal survey of the reduced
item DBQ and modified
wording to suit the Australian

Factor analysis:
Three factors—errors, highway code
violations, aggressive violations.
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an Australian organisational
fleet setting

Mean age = 44

22% females

Mean licence years = 26

Work driving exposure = 11-20
hours/week and 20-40K
km/year.

Self-reported crashes and
offences in the last 12 months.

drivers.

Principal axis factoring with
OBLIMIN rotation.

Cronbach’s alpha.

Correlation.

Internal consistency:

Errors .77

Highway code violations .80
Aggressive violations .60.

Stability: NA.

Predictive validity:

Errors significantly with offences (r=.13)

Variables related to DBQ factors:

All three factors with age (-), licensed

years.

(48) de Winter and Dodou
2010

The Driver Behaviour
Questionnaire as a predictor
of accidents: A meta-analysis

N=142 studies.

Published and unpublished
studies in English that used the
DBQ searched in Google
Scholar, Web of Science,
Scopus, and references of the
reviewed documents.

Inclusion criteria:

Data on self-reported and/or
recorded accidents, gender, age,
and mileage were available.

Exclusion criteria:
Studies on children, pedestrians,

Meta-analysis.

Zero-order and multivariate
correlations.

Factor analysis: NA.
Internal consistency: NA.
Stability: NA.

Predictive validity:
Self-reported crashes

errors (n=32; .10 and .06)
violations (n=42; .13 and .07).

Variables related to DBQ factors:
Errors and violations with age (-),
exposure (+), and gender (males
reported fewer errors and more
violations than females).
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and moped drivers AND that
extracted neither violation nor
errors factor.

(45) Harrison 2009
Reliability of the Driver
Behaviour Questionnaire in a
sample of novice drivers

N=822 drivers licensed in the
last 6 months from the Victorian
(Australia) licensing database of
probationary licence holders.

Self-reported driving offences
detected by Police or
automated cameras, crashes
and near misses in the last 6
months.

55.8% females
Higher mean age for females
(21.2) than males (20.3).

Online survey with a
telephone survey as a
supplementary method for
follow-up surveys.

Principal component analysis
with VARIMAX rotation.

Cronbach’s alpha.
Correlation.

Loglinear analysis.

Factor analysis:

Four factors- errors; ordinary violations
(deliberate breaking of the law without
aggressive motivation e.g. speeding);
lapses; aggressive violations.

Internal consistency (timel/time2):
.77 & .79 errors

.77 & .79 violations

.65 & .66 lapses

.69 & .73 aggressive violations.

Stability (6 months):

.65 errors

.75 ordinary violations
.72 lapses

.72 aggressive violations.

Predictive validity:
Violations with offences and crashes;
lapses with crashes.

(58) Lajunen et al. 2004
The Manchester Driver
Behaviour Questionnaire: A
cross-cultural study

N=831 British; N=1123 Finnish;
N=703 Dutch driving licence
holders drawn from Finnish
register of car owners, UK
electoral register, Dutch register

Postal survey of the extended
DBQ.

Principal axis factoring with
OBLIMIN rotation to examine

Factor analysis:

First-order four factors — aggressive
violations, ordinary violations, errors,
lapses

Second-order two factors — mistakes,

—
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of telephone users.

Range of the 3 samples:

Mean age = 37.52-45.90

Mean annual mileage = 18612 —
24637

Mean driving years = 16.93 —
23.62

Male % =45.9 - 70.4.

the first-order factors, and

principal axis factoring with
VARIMAX rotation second-

order factors.

Procrustes target rotation
techniques and factorial
agreement coefficients to
examine cross-cultural stability
of the factor structure.

Cronbach’s alpha.

violations.

Internal consistency range across the
three samples:

aggressive violations .65 —.73
ordinary violations .75 — .80

errors .64 —.73

lapses .64 — .69.

Stability: NA.
Predictive validity: NA.

Factorial stability:
Congruent but not perfect.

(63) Mattsson 2012
Investigating the factorial
invariance of the 28-item
DBQ across genders and age
groups: an Exploratory
Structural Equation
Modelling study

N=1017 Finnish car owners.

Female = 53.5%
Mean driving licence years =
17.1.

Postal survey of the extended
DBQ.

Structural equation model
(SEM) and Exploratory
Structural Equation Model
(ESEM).

SEM — usual three-factor model not
good fit

ESEM — modification of the model good
fit, but DBQ measures different
underlying latent variables in the
different subgroups.

(44) Mesken et al. 2002
Interpersonal violations,
speeding violations and their
relation to accident
involvement in Finland

N=1126 drivers aged 18-79 car
owners in Finnish Register.

Mean age = 37.5 (SD=15.1)
Mean licence years = 16.9 years
(SD=12.9)

Mean annual mileage = 20,510
km (SD=21,990)

Postal survey including self-
reported active accidents
(respondent hit another road
user or an obstacle) and
passive accidents (respondent
was hit by another road user)
and fines (speeding, parking
and other) in the last 3 years.

Factor analysis:
Four factors—errors; lapses; speeding
violations; interpersonal violations.

Internal consistency:

.70 lapses

.77 errors

.75 interpersonal violations
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54.1% females.

Principal axis factoring with
OBLIQUE rotation.

Cronbach’s alpha.

Stepwise logistic regression.

.79 speeding violations.
Stability: NA.

Predictive validity:
Errors predicted active accidents;
violations predictive passive accidents.

Content validity:

Interpersonal violations and speeding
violations positively related to speeding
and parking tickets.

Lapses and errors negatively related to
speeding tickets and parking tickets
respectively.

Only interpersonal violations positively
related to other traffic penalties.

(59) Ozkan et al. 2006
Cross-cultural differences in
driving behaviours: A
comparison of six countries

N=242 driving licence holders
from each: Finland, Great
Britain, Greece, Iran, The
Netherlands, Turkey, matched
for age and sex.

Range of the 6 samples:

Mean age = 29.48-32.25

Mean annual mileage = 10.99-
87.18

Mean driving years = 8.84-12.00
Male % =45.9-70.4.

Postal survey of the extended
and modified DBQ (slips and
lapses scale and the drink-
driving item were excluded).

Self-reported number of active
and passive accidents and
offences (parking, speeding,
and other) during the last 3
years.

Confirmatory factor analysis,
Procrustes target rotation

Factor analysis:
Three factors— ordinary violations,
errors, aggressive violations.

Internal consistency range across the
six samples:

ordinary violations .73 — .85

errors .61 —.75

aggressive violations .59 — .74,

Stability: NA.

Predictive validity:
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techniques, and factorial
agreement coefficients.

Cronbach’s alpha.

Poisson and Poisson-gamma
regression.

Aggressive violations significant in the
Finnish and Iranian samples but none
significant in the rest.

Factorial stability:
Ordinary violations fully congruent and
errors fairly congruent across countries.

(47) Ozkan et al. 2006
Driver Behaviour
Questionnaire: A follow-up
study

N=622 (55% response rate)
Finnish register of car owners.

Mean age = 43.5 (SD=15.2)
Mean licence years = 22.2
(SD=13.2)

Mean annual mileage = 18, 420
km (SD=20,408)

54.8% females.

Postal surveys 3 years apart.

Principal axis factoring with
OBLIMIN rotation.

Cronbach’s alpha.

Procrustes target rotation
techniques and factorial
agreement coefficients to test
the stability of factor solutions.

Factor analysis:
Two factors—errors and lapses;
violations.

Internal consistency (two time points):
errors (.84 & .83)
violations (.85 & .83).

Stability (3 years):
errors (.50)
violations (.76).

Predictive validity: NA.

Variables related to DBQ factors:

Errors with gender (females more
errors and lapses), violations with age (-
) and gender (males more violations).
High annual mileage showed the
strongest two-factor time-across
stability.

Low mileage and 55+ had the least
stable DBQ factors.
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(46) Parker et al. 1995
Driving errors, driving
violations and accident
involvement

N=1656 drivers (licence holder
and had driven during the last 6
months) aged 17-70 drawn from
the data maintained by the
Transport and Road Research
Laboratory, Great Britain.

Including supplementary data
n=273 drivers involved in 2+
road traffic accidents.

Postal survey.

Principal component analysis
with VARIMAX rotation.

Cronbach’s alpha.
Correlation.

Hierarchical multiple
regression.

Factor analysis:
Three factors—violations; errors; lapses.

Internal consistency:
.72 lapses

.84 errors

.80 violations.

Stability (7 months):
.75 lapses

.69 errors

.81 violations.

Predictive validity:
Violations a significant predictor of
crashes.

Variables related to DBQ factors:
Violations with age (-) and exposure (+)
and all three factors with gender
(females reported more lapses and
males reported more violations and
errors).

(57) Parker et al. 2000
Elderly drivers and their
accidents: the Aging Driver
Questionnaire

N=1989 UK drivers aged 50+
from a panel maintained by Age
and Cognitive Performance
Research Centre, University of
Manchester (n=642); press
release (n=1347).

Postal survey including self-
reported accidents (occurred
on public roads and only the
vehicle was damaged and
involved injury) in the past 5
years when they hit another
car/object (active) or their car

Factor analysis:
Five factors—error; lapse; violation 1;
violation 2; factor 5.

Internal consistency: NA.

Stability: NA.
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had been hit by another
vehicle (passive).

Principal components analysis
with OBLIMIN rotation.

Poisson generalized linear
modelling.

Predictive validity: error and lapse
factors predictive of active accident;
lapse factor passive accident.

(41) Reason et al. 1990
Errors and violations on the
roads: A real distinction?

N=520 drivers aged 20-78
approached on the street or in
supermarket car parks, UK.

41.2% females.

Postal survey.

Principal component analysis
with VARIMAX rotation.

Factor analysis:
Three factors-violations; hazardous
errors; non-hazardous errors.

Internal consistency: NA.
Stability: NA.
Predictive validity: NA.

Variables related to DBQ factors:
Violations was related to age (-),
exposure (+), and gender (men
reported more violations than women),
and non-hazardous errors to gender
(females reported more errors than
males).

(56) Rimmo 1999
Modelling self-reported
aberrant driving behaviour

Four samples from different
studies:

N=2248 new drivers (mean age
19),

Swedish version of the DBQ.

Confirmatory factor analysis.

Factor analysis:

Four factor across varying age and
gender — violations; mistakes;
inattention; inexperience errors.
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N=1296 inexperienced drivers
(mean age 21), N=744 young
drivers (mean age 24.5),
N=976 experienced drivers
(mean age 49).

Internal consistency: NA.
Stability: NA.

Predictive validity: NA.

(61) Steg and Brussel 2009
Accidents, aberrant
behaviours, and speeding of
young moped riders

N=146 moped riders aged 16-24
from an insurance company
database, Netherlands.

mean age = 17.3 (SD=1.3)
mean riding years = 18 months
(SD=12)

driving km/wk = 107 (SD=76)
60% female.

Mail questionnaire using DBQ
adapted to moped riders
including self-reported crashes
in the past year.

Confirmatory factor analysis.
Cronbach’s alpha.

Logistic regression on a sub-
sample (n=97) who have

ridden a moped for 12
months+.

Factor analysis:
Three factors—errors, lapses, violations.

Internal consistency:
Errors .80

Lapses .79
Violations .87.

Stability: NA.

Predictive validity:
None predicted self-reported crashes.

(54) Xie and Parker 2002
A social psychological
approach to driving
violations in two Chinese
cities

N=520 professional drivers aged
19-60.

Mean age = 35.77 (SD=7.99)
18.4% females

Mean mileage = 30,983 km
(SD=29,320)

Mean driving licence years = 8.3
(SD=7.18)

Mean self-reported accidents in
the last 3 years =.37 (SD=1.22;

Postal survey including new
Chinese specific DBQ items.

Principal axis factoring with
OBLIMIN rotation.

Cronbach’s alpha.

Logistic regression.

Factor analysis:

Six factors but scales with alphas <.60
were not reported -Lapses and errors;
Inattention errors; Aggressive
violations; Maintaining progress
violations.

Internal consistency:

Values not reported except that further
analysis conducted only on scales with
alpha >.60.
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18.4%).

Stability: NA.

Predictive validity:

Aggressive violation a significant
predictor self-reported crashes
controlling for age, gender, and annual
mileage.

Variables related to DBQ factors:
Years of driving (-) for all four factors,
age (-) for inattention errors, and
gender for lapse and error, and
inattention error (females reported
more than males).

TABLE ENDS HERE.
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2.3.4 Psychometric properties of the MRBQ
To date two published studies have examined the psychometric properties of the MRBQ to

some extent (18, 19). These studies are summarised in Table 2.4. In both studies principal
component analyses identified five components which were named traffic errors, control
errors, speed violations, stunts, and safety equipment. These five sub-scales represented
similar constructs and were shown to have good internal consistency. However, the item
constituents of each scale were not exactly the same between the two studies. Although
both studies showed the predictive validity of a few of the MRBQ scales in terms of self-
reported crashes, they were not completely consistent results. The stunts factor was found
to be predictive of self-reported crashes in the Turkish rider sample (19), whereas traffic
errors were in the UK rider sample, and additionally control errors and speed violations
when restricted to crashes the respondents took blame for (18). In the Turkish study, both

speed violations and stunts were significant predictors of self-reported traffic offences (19).

The two MRBQ studies were conducted amongst European (UK and Turkey) experienced
riders with an average of 11 years of riding (18) or over 60,000km of riding (19). Riding
behaviours amongst novice riders who are in the formative years of riding may be distinct
from those of more experienced riders who have established their behaviour on-road and
made a decision to keep riding. Climatic and cultural differences between UK and Turkey
versus Australia may also have implications for the MRBQ psychometric properties. The
present study therefore firstly conducted confirmatory factor analysis to test the fit of the
two factor models proposed by Elliot et al (2007) and Ozkan et al (2012) within an Australian
novice rider sample. When the two models were rejected, exploratory factor analysis was

performed to respecify the factor model for the present MRBQ data.
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As with the DBQ literature, neither of the MRBQ studies has examined the MRBQ
psychometric properties comprehensively, including the factor structure, internal
consistency, stability, content validity, and predictive validity. First, neither Elliot et al nor
Ozkan et al examined the content validity of the MRBQ. Converging evidence from different
measures of the same construct such as state records of traffic offences or third person
observer can minimise uncertainty about self-reports and provide confidence in the validity
of the MRBQ (39). Therefore correlations between self-report use of safety equipment by
riders participating in training and the use of protective gear as assessed by a coach during
training as well as the relationships between the behaviours self-reported via the MRBQ and
equivalent police-recorded offences were examined to test the content validity of the

MRBAQ.

Second, while both studies examined the predictive validity in relation to self-reported
crashes and Ozkan et al examined the predictive validity in relation to self-reported traffic
offences, neither study examined it in relation to police-recorded crashes and offences. The
MRBQ factor and crash/offence relationships may vary depending on whether the crash and
offence data were obtained via self-report or the police due to the possible differences in
the nature of crashes and offences included. For example, self-reported crashes can include
less severe crashes than police-recorded crashes (64, 65) and underreporting of motorcycle
crash data in official state records is also possible (66). Moreover, examination of the
validity in terms of self-report can be limited due to the possible consistency motif where an
artificial positive relationship is created due to respondents’ tendency to try to maintain
consistency in their responses (62). When MRBQ, crashes, and offences are all collected via

self-report, artificial relationship is possible due to all being self-report. Therefore in this
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study the relationships of the MRBQ with not only self-reported crashes and near crashes

but also police-recorded crashes and offences were examined.

Third, neither study examined the stability of the MRBQ (18, 19). Stability of the MRBQ is
critical to ensure its ability to measure behaviour consistently over time, especially if those
behaviours can be expected to be stable over time in practice. The stability of the tool can
also reflect the modifiability of motivations over time, which has implications for the
development and evaluation of rider interventions. Therefore stability of the MRBQ was

also examined in the present study.

TABLE BEGINS OVERPAGE.
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Table 2.4 Two published studies examining the factor structure, reliability and validity of the Motorcycle Rider Behaviour Questionnaire

(MRBQ)
Country United Kingdom (18) Turkey (19)
Sampling and Postal survey of a random sample of 28,400 motorcyclists in | Anonymous online survey of mopeds and high performance
procedures the UK Driver Vehicle Licensing Agency database who were motorcycles (800cc) invited through announcements on
determined to be ‘active’ riders (i.e. registered bikes that various websites.
had been road taxed within the past 12 months, excluding
shops and business).
N 8666 451
Mean age 43 (SD not reported) 33.94 (SD=8.59)
% of males 92% 100%
Mean riding experience | 11 years Not reported, but the sample is indicated to have full riding

Note. Riding on public roads for more than one year was
counted as one.

licence.

% of self-reported crash | 11% (n=953) NA

in the last 12 months

Mean number of self- NA Active: 0.8

reported crashes in the Passive: 0.2

last 3 years

Mean number of self- NA 0.63 (SD=1.2)

reported traffic offences

Mean lifetime mileage NA 62943.49km (SD not reported)

Annual mileage
definition and mean

Approximate mileage ridden on public roads in the last 12
months; 4467miles (SD=7188.94km).

Not defined; 8960.71km (SD not reported).
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Self-reported crash
definition

Crash including minor spills while riding a motorbike.

Active accident “situations in which you hit a vehicle,
pedestrian or an object” while riding a motorcycle.

Passive accident “situations in which a vehicle or a
pedestrian hit you” while riding a motorcycle.

Offence definition

NA

Self-reported traffic offences that have been penalized by
the police for overtaking, parking, speeding, and other.

Components extracted
from PCA with VARIMAX
rotation

5 components:
Traffic errors; speed violations; stunts; safety equipment
use; control errors.

5 components:
Speed violations; traffic errors; safety equipment use; stunts;
control errors.

Internal consistency

Traffic errors .84

Speed violations .87
Stunts .81

Safety equipment use .70
Control errors .73

Speed violations .88
Traffic errors .85

Safety equipment use .80
Stunts .77

Control errors .62

Type of regression and
significant predictors of
self-reported crashes

Generalised Linear Modelling.

All crashes:
Traffic errors; safety equipment use; experience; annual
mileage; age.

Blame crashes:
Traffic errors; control errors; speed violations; age;
experience; annual mileage.

Hierarchical regression.

Active crashes:
Stunts; age; mileage.

Passive crashes:
Age; mileage.

Type of regression and
significant predictors of
self-reported offences

NA

Hierarchical regression

Speed violations; stunts; mileage.
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2.3.5 Summary of the literature review
The following text box summarises the key take away points from the literature shown in

Tables 2.3 and 2.4.

KEY TAKE-AWAY POINTS FROM THE LITERATURE REVIEW TABLES 2.3 and 2.4:

Variations in the DBQ factor structure, reliability and validity are evident.

The Motorcycle Rider Behaviour Questionnaire (MRBQ) has been specifically developed
for motorcyclists based on the same theory as the DBQ, but to date only two published
studies exist on the MRBQ psychometric properties amongst European (UK and Turkey)
experienced riders.

Given the demographic and cross-cultural variations in the DBQ factor structures and
DBQ-crash relationships, the generalisability of the MRBQ results amongst experienced
European riders to novice riders in Australia is not clear.

PCA with VARIMAX rotation identified five factors in both the MRBQ studies, namely
traffic errors, control errors, speed violations, stunts, and safety equipment.

Both of the MRBQ studies have examined the predictive validity in terms of self-
reported crashes only, but neither in terms of police-recorded crashes.

Neither of the two MRBQ studies has examined the stability of the MRBQ or the content
validity with respect to police-recorded traffic offences.

2.3.6 Research objectives arising from the MRBQ literature review
Study 2 in the present thesis therefore had the following objectives:

1. To examine the previously examined psychometric properties of the MRBQ including
the factor structure, internal consistency, and predictive validity in terms of self-

reported crashes (18, 19);

2. To examine the psychometric properties of the MRBQ not yet examined in previous
studies including stability, content validity, and predictive validity in terms of police-

recorded crashes and offences as well as self-reported near crashes and crashes;
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3. To assess applicability of the MRBQ amongst novice riders in Australia, a population

to whom the MRBQ has not been applied to date.

2.4 Measurement of riding motivations

2.4.1 Background
Research suggests that motorcycle riders are a heterogeneous group who can be

characterised by different motivations for riding (67, 68), and that these underlying
motivations for motorcycle use provide some explanation of why riders engage in different
on-road risk behaviours (69, 70). As such, certain interventions may not work unless the
underlying motives are addressed, and measurement of riding motivations can help to
address riding behaviours in ways that are sensitive to the different needs amongst
motorcyclists. However, well-developed measures of riding motivations and rigorous
research in the relationship between riding motivations and riding behaviours are lacking

(Elliot 2010).

2.4.2 Lack of rigorous measurement of riding motivations
It has been suggested that people are attracted to motorcycling for a variety of reasons

including image, the feeling of freedom, to feel at risk, to impress others and practical
motives such as convenience and economy (71). Various themes of riding motivations have
been identified in previous studies. They are summarized in Table 2.5, identifying the study
population and design, and the motivational themes. However, these studies (e.g. 67, 69,
72-74) are observational commentaries or qualitative research that does not demonstrate

strict empirical methodology and lacks quantitative analyses.

The interview used by Reeder et al (1996) was not designed strictly based on measurement

theory (e.g. Likert scale with multiple questions) but rather used a single question that
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asked respondents to choose as many reasons as they liked from the seven pre-categorised
reasons. The representativeness of the sample used in the ethnographic research by Bellaby
and Lawrenson (2001) is not known and the interviews that identified four themes of riding
motivations were unstructured making the results vulnerable to unknown levels of method
variance. That is, the variability in responses may be due to characteristics of the measuring
instrument (in this case unstructured interview) rather than due to the underlying attribute
that is intended to be measured by the instrument (75). Zamani-Alavijeh et al (2009) used
open-ended questions and the transcripts were qualitatively coded to derive four categories
of riding motivations (69). The success of the methodological control to avoid bias and
ensure the validity and reliability of this qualitative approach is not clear. In Wilson et al’s
study (2009) the two riding motivations of thrill and sense of freedom were not based on
empirical analysis. The three riding motivation themes of fun and excitement, transport and
economic advantages, travel time saving and parking convenience, identified by Haworth

(2012) were observational commentaries rather than an empirical study.

TABLE BEGINS OVERPAGE.
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Table 2.5 Review of the studies on riding motivations

Reference

Sample and design

Identified themes of reasons for riding a motorcycle

(74) Bellaby and Lawrenson
2001

Approaches to the risks of
riding motorcycles: Reflections
on the problem of reconciling
statistical risk assessment and
motorcyclists' own reasons for
riding

Ethnographic research —authors talked to
staff and riders at bike dealers/repairers,
new riders at a training course.

Motorcycling as a life enhancing activity for various

purposes:

e Transport (cheap and convenient to avoid traffic jams
and parking problems)

e Intrinsic merits (enjoyable in itself)

e Sensation of speed and acceleration

e Independence and freedom.

(71) Broughton and Stradling
2005

Why ride powered two-
wheelers?

Study 1: After riding the Edzell racing track
in Scotland, N=69 riders asked to indicate
on a map of the track at which parts they

e felt most at risk,

o felt the greatest enjoyment,

e had to concentrate hardest.

Study 2: N=96 riders asked to rate using a 5-
point Likert scale 6 pictures of various road
conditions for risk and enjoyment.

Study 1:

Widespread responses — individual differences in what they
found most risky, most enjoyable and requiring most
concentration.

Risk and concentration coincided well but the co-
occurrence of risk and enjoyment rare.

Study 2:

Three types of rider risk profiles

e risk averse (enjoyment decreases with increasing risk),

e risk acceptors (accept risk at a cost to a certain point in
order to ride for other purposes),

e risk seekers (risk is not a cost and the enjoyment
increases with increasing risk).

(72) Haworth 2012

Powered two wheelers in a
changing world-challenges and
opportunities

Observational commentary.

e Fun and excitement
e Transport and economic advantages
e Travel time savings and parking convenience.
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(67) Reeder et al. 1996

Rider training, reasons for
riding, and the social context
of riding among young on-road
motorcyclists in New Zealand

N=217 riders from Dunedin birth cohort
study.

Computer questionnaire: select as many
from the list of seven factors that influenced
their decision to choose to ride a
motorcycle.

Excitement

Economical transport
Manoeuvrability in traffic
Ease of parking

Friends use motorcycles

A way of life

Freedom from supervision.

(73) Wilson et al. 2009
Gasoline prices and their
relationship to rising
motorcycle fatalities, 1990-
2007

Analyses of fuel prices and motorcycle
registrations in the US 1990-2007 based on
the following data:

e Weekly gasoline retail prices
provided by the US Energy
Information Administration

e Proportion of motorcycles of all
registered vehicles in the US.

Higher fuel prices
Thrill
Sense of freedom.

(69) Zamani-Alavijeh et al.
2009

Accident-related risk behaviors
associated with motivations
for motorcycle use in Iran: a
country with very high traffic
deaths

Focus groups and in-depth interviews with
motorcyclists and motorcycle passengers in
Iran.

Open-ended questions to elicit their main
reasons for riding motorcycles.

Thematic analysis of notes taken by the
interviewers.

Convenient commuting
Occupational transportation
Recreation an sensation seeking
Criminal activity.

TABLE ENDS HERE.
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2.4.3 Self-report measure of riding motivations: MRMQ
The 24-item Motorcycle Rider Motivation Questionnaire (MRMQ) (70) is the first structured

guestionnaire that was developed to systematically assess the previously identified reasons
for riding (76). The respondents are asked to rate on a 5-point Likert scale from strongly
disagree to strongly agree with statements about the reasons for motorcycling. These
reasons were described as pleasure (escapism, hedonism, flow, identification with the bike,
social); fast competitive sport (dynamism, performance, exhibition, thrill seeking, rivalry);
and control beliefs (76). In this thesis, self-report measurement of riding motivations is

assessed with respect to the MRMQ.

Understanding riding motivations amongst novice riders in particular can be beneficial to
address their overrepresentation in crashes (42, 43). However, no published study has
examined the applicability of the MRMQ to novice riders in Australia or examined riding
motivations specifically amongst novice riders. It is therefore worthwhile to examine the
applicability of the already developed MRMQ amongst novice riders before considering the

development of alternative measures.

2.4.4 Psychometric properties of the MRMQ
Only one study has examined the psychometric properties of the MRMQ (70). Principal

component analysis of the MRMQ with VARIMAX rotation indicated a tripartite typology of
riding motivations amongst experienced UK riders (70), namely convenience, pleasure, and
speed. These three scales had acceptable internal reliability and predictive validity of on-
road rider behaviours as measured by the MRBQ (18), including traffic errors, control errors,
stunts, speed violations, and safety equipment use. Specifically those who had stronger
pleasure motivations for riding self-reported more frequent use of safety equipment, while

those with stronger speed motivations self-reported more frequent control errors, speed
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violations and stunts as measured by the MRBQ (70). The convenience scale of the MRMQ

was found to be correlated with none of the MRBQ behaviours (70).

However, three key psychometric features of a sound questionnaire remain untested. First,
Sexton et al’s (2004) study did not examine the predictive validity of the MRMQ with
respect to self-reported crashes directly, or police-recorded crashes and offences. The
model Sexton et al (2004) investigated via path analysis assumed that motivations (as
measured by the MRMQ) precede behavioural choices (as measured by the MRBQ), which
in turn influence crash risks. However, there may be other behavioural choices that are not
measured by the MRBQ, through which motivation influences crashes. This hypothesis can
be tested by examining the direct relationship between riding motivations and crashes. As
stated earlier with respect to the MRBQ, consistency motif bias and self-report versus police
records of crashes may influence the MRMQ and crash/offence relationships. Therefore in
this study the direct relationships of the MRMQ with not only self-reported crashes and

near crashes but also police-recorded crashes and offences were examined.

Second, Sexton et al’s (2004) study did not examine the content validity of the MRMQ
scales. Uncertainty about self-reports can be minimised when multiple sources of validation
promote the same inferences (39). The MRMQ can be validated based on logical premises
by collecting converging evidence from thematically related measures from the same
individuals (39). For example, it is plausible that those with stronger speed motivations
could be more likely to make more riding trips in high speed zones. Therefore in the present
study correlations of the MRMQ with self-reported number of riding trips in different

contexts were used to test the content validity of the MRMQ.
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Third, Sexton et al’s (2004) study did not examine the stability of the MRMQ. Stability of the
MRMAQ is critical to ensure its ability to measure riding motivations consistently over time,
especially if they can be expected to be stable over time in practice. The stability of the tool
can also reflect the modifiability of motivations over time, which has implications for the
development and evaluation of rider interventions. Therefore the stability of the MRMQ

was examined in the present study.

Furthermore, the motorcyclists in Sexton’s study were from the UK and overall more
experienced riders with an average of 15 years of riding experience (70) and the
generalisability of their results to Australian novice riders is not known. Riding motivations
may systematically differ between novice riders who are in the formative years of riding and
more experienced riders who have chosen to continue riding. For example, novice riders
may start out riding to save money on fuel but they may change their reasons for riding with
more riding experience to enjoy the social aspects of riding. The present study therefore
firstly conducted confirmatory factor analysis to test the fit of the factor model proposed by
Sexton et al (2004) within an Australian novice rider sample. When the model was rejected,
exploratory factor analysis was performed to respecify the factor model for the present

MRMQ data.

2.4.5 Summary of the literature review
The following text box summarises the key take away points from the literature shown in

Table 2.5 and Sexton et al’s (2004) study.

82

—
| —



KEY TAKE-AWAY POINTS FROM THE LITERATURE REVIEW TABLE 2.5 AND SEXTON ET AL’S
(2004) STUDY:

e |t has been suggested that people are attracted to motorcycling for a variety of reasons.

e However, previous studies that have identified motivational themes for riding are
observational commentaries or qualitative research that does not demonstrate rigorous
empirical methodology.

e The Motorcycle Rider Motivation Questionnaire (MRMQ) is the first structured
guestionnaire that was developed to systematically assess the reasons for riding.

e Principal component analysis of the MRMQ indicated a tripartite typology of riding
motivations amongst experienced UK riders.

e The three scales of MRMQ, namely convenience, pleasure, and speed, had acceptable
internal reliability and predictive validity of on-road rider behaviours as measured by the
Motorcycle Ride Behaviour Questionnaire (MRBQ).

e The generalisability of the MRMQ results amongst experienced UK riders to novice riders
in Australia is not clear.

e Three key psychometric features of a sound questionnaire remain untested for MRMQ,
namely, stability, content validity and predictive validity of self-reported as well as
police-recorded crashes and police-recorded offences.

2.4.6 Research objectives arising from the MRMQ literature review
Study 3 in the present thesis therefore had the following objectives:

1. To examine the previously examined psychometric properties of the MRMQ
including the factor structure internal consistency, and predictive validity in terms of

riding behaviours as measured by the MRBQ;

2. To examine the psychometric properties of the MRMQ not yet examined, including
its stability, content validity, and predictive validity in terms of police-recorded

crashes and offences and self-reported crashes and near crashes;
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3. To assess the applicability of the MRMQ amongst novice riders in Australia, a

population to whom the MRMQ has not been applied to date.

2.5 Measurement of perceived value of rider training

2.5.1 Background
Public and private support, and thus funding, is critical to evidence-based practice.

However, one of the greatest challenges in road safety is the mismatch between scientific
evidence and community belief. Some interventions can be scientifically shown to be
effective but they may not receive public and private support, while others are not
supported by scientific evidence but receive public and private support. Such a conflict is
observed for example, in relation to speed camera and bicycle helmet legislation (77, 78),
and driver and rider training respectively (79, 80). Thus the measurement of the values
riders place on rider safety interventions such as rider training bears relevance in the

decision making process.

2.5.2 Self-report measurement of perceived value: CV surveys
One of the ways in which community or user value of road safety interventions can be

systematically measured is the contingent valuation (CV) method. The contingent valuation
method is a survey-based approach in which individuals of a representative sample of the
population at risk are directly asked to value in monetary terms (willingness to pay) a
hypothetical reduction in risks of their own and possibly other people’s resulting risk

resulting from an intervention (81, 82).

Willingness to pay (WTP) values that are elicited through the CV surveys are traditionally
used in cost-benefit analyses in the fields of environmental economics, health economics

and increasingly in transport economics (83). However, it is posited that the WTP values can
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also have direct practical use in terms of providing a proxy measure of the acceptability or
the extent to which an effective intervention may need to be promoted to the community.

Such use of the WTP values can be understood as the perceived value of interventions.

2.5.3 Methodological review of the CV method
Ample research exists on the methodological issues of contingent valuation method,

particularly in the areas of health and environmental economics. These methodological
critiques apply to the application of contingent valuation method in road safety. Hence the
literature on the CV methodological issues was reviewed to design a best practice CV survey
that measures the value of rider training amongst its users for the present thesis. The
review of the literature was published in the Proceedings of the 2012 Australasian Road
Safety Research, Policing and Education Conference (84). The paper describes the
methodological issues that need to be accounted for in the design and analyses of CV survey
data, and the different question formats to elicit the monetary values of interventions.
Publications details and signed statements of authorship are provided in Appendix 8 under

Paper 1.

MANUSCRIPT BEGINS OVERPAGE.
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Australasian Road Safety Research, Policing and Education Conference 2012 4 - 6 October 2012, Wellington, New Zealand

The application of contingent valuation surveys to obtain willingness to pay data in road
safety research: methodological review and recommendations

Abstract

Willingness to pay is increasingly utilized in cost-benefit analysis research in road safety. In
other fields of research such as environmental and health policy evaluations, contingent
valuation (CV) surveys have been developed and widely used as a method to elicit people’s
willingness to pay for the products being evaluated. Many authors have provided
methodological critiques on CV surveys, which have been shown to be subject to various
forms of biased responding such as hypothetical bias, starting-point bias, and strategic
response bias. Various ways to control for these biased responses exist including the design
of the survey and statistical analyses. Furthermore, different results have been found
depending on the elicitation methods used (e.g. open-ended question versus referendum
format; ex-ante valuation versus ex-post valuation), and the ways in which the context of
the product provision is described and the product framed (e.g. private product versus
public product) for the same product being valued. These methodological critiques are
relevant to the use of CV method in road safety research that intends to elicit willingness to
pay for road safety products. Furthermore, employing evidence-based survey designs and
guestion forms are critical to obtain the best possible willingness to pay data in road safety
research. The current paper presents the methodological limitations of CV surveys identified
in previous research and offers best practice recommendations for CV survey designs in
road safety based on the CV methodological literature.

Key words: willingness to pay; contingent valuation; survey design; bias
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1. Introduction

The contingent valuation method is a survey-based approach for eliciting consumers’
monetary valuations (willingness to pay) for a policy measure. Willingness to pay (WTP) is
widely used in cost-benefit analyses in the fields of environmental economics, health
economics and increasingly in transport economics. There are a number of potential
advantages over other methods of economic evaluation. First, WTP is based on the
utilitarian principle that underlies welfare economic theory in which benefits are deemed to
be based on consumer preferences (1). Second, WTP approach imposes no restriction on
the attributes people can place a value on, allowing a more comprehensive valuation of
benefits than other approaches that strictly quantify the value of health outcomes only (e.g.
quality adjusted life years (QALYs), incremental cost-effectiveness ratios (ICERs). Another
advantage of WTP is its unit of measurement being the same as that of costs, enabling
qguestions of allocative efficiency to be directly addressed (1). Recent literature on economic
evaluation in road safety shows increasing interest in the use of WTP as a measure of road

safety benefits (2-5).

A measure of WTP seeks individuals’ valuation of an intervention in terms of the amount of
money that individuals are willing to pay for it (6, 7). It is implemented predominantly
through contingent valuation (CV) surveys in which individuals of a representative sample of
the population at risk are directly asked to value in monetary terms a hypothetical reduction
in risks of their own and possibly other people’s resulting from an intervention (2, 8). While
CV surveys have been widely implemented in the fields of environmental and health
economics to value a wide range of matters such as forest preservation (9), medical,

surgical, and pharmaceutical interventions for respiratory diseases and cardiovascular
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diseases (7), many authors have also provided methodological critiques on CV surveys
applied in those fields. These methodological critiques are relevant to the use of the CV
method in road safety research that intends to elicit WTP for road safety intervention
products. Researchers attempting to obtain the best possible WTP data in road safety
research must be cognisant of the previously identified CV methodological issues to ensure

best practice applications of the CV surveys in road safety research.

The WTP values have practical use in terms of understanding the value the community
places on road safety policy/interventions and thereby providing information on
acceptability or the extent of the need to promote an effective intervention to the
community. Strictly speaking CV surveys are typically employed to value products with no
market transactions (e.g. clean air) and revealed preference method (where the value data
are obtained from real/hypothetical market transactions) is preferred to value products for
which market transactions are possible. However, the prices charged for road safety
measures such as training, that are provided and potentially heavily subsidized by
government, may not necessarily reflect their ‘market value’. Consequently stated

preference studies may be useful in deriving shadow prices for such goods.

The present paper aims to identify the key issues highlighted in the long-time environmental
and health economics literature on the contingent valuation method and how they have
been addressed, and to provide recommendations for the application of contingent
valuation in road safety economic evaluations. While this paper offers recommendations for
CV survey design in road safety research, discussion on the use of WTP values to calculate

the value of statistical life (VOSL) is beyond the scope of this paper.

2. Addressing the methodological problems in the road safety CV applications
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WTP values are explicitly intended to reflect preferences, perception and attitudes toward
risk of those affected by the decisions to implement the policy measure, and hence it is
natural that WTP for a product differ among different situations (8). However, CV surveys
must be designed in a manner which allows the real respondent factors such as individual
differences in income, risk, and attitudes to be distinguished from the methodological
factors that influence the WTP estimates. The ample methodological research on CV surveys
particularly in the environmental and health economics literature (e.g. 10-12) has provided
clues to the ways in which the common methodological problems encountered in CV
surveys (see Table 1 for summary) can be circumvented or managed in the CV design and
analyses. Many of the recommended CV designs tackle two or more of the potential
methodological issues, hence the information is organized by each design and/or analysis

strategy.

TABLE BEGINS OVERPAGE.
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Table 1. Types and sources of methodological problems in CV surveys

Types

Sources

Hypothetical bias and yeah-saying responses:

Values offered in hypothetical survey contexts are significantly
different from values offered in real market conditions (13, 14).
Yeah-saying responses refer to responding yes to a question
without really meaning it.

Lack of relevant information provided to the respondents before
eliciting their willingness to pay (15, 16).

Close-ended WTP survey questions are not administered in a manner
that encourages the respondents to seriously think about and
respond to the questions (17).

Non-responses:

Non-responses can include a genuine ‘don’t know’ responses or
strategic refusal responses (18), which are distinct from genuine
real zero valuations.

Lack of information provided to the respondents about the product
and its implementation context (17).

Open-ended WTP questions (17).

Strategic responses (protest zeros/free-riding):

Respondents understand the WTP question and support the
product provision but demonstrate their refusal to pay themselves
by giving a nil response in the hope that someone else (e.g.
government) will pay for the product (19).

Can be induced by the ways in which the product is framed in terms
of private versus public with respect to provision and use. (2, 15, 20).

Scope and scale biases:

WTP estimates being insensitive to changing health outcomes in

terms of

e consequences (scope bias) e.g. minor injury versus serious
injury, and

e magnitude of risk reduction (scale bias) e.g. 5% versus 10%
reduction (15, 21, 22).

The product outcomes in terms of risks and uncertainty are not
clearly communicated in the CV surveys (19, 23)

The valuation is sought for changes in small probabilities of risks (24).

When respondents value the product in terms of moral satisfaction

from the act of giving or from contributing to what the respondents
believe as a good cause (warm glow effect), rather than the product
itself (25, 26).

—
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Range bias:
The final WTP estimate restricted by the range of values presented
in the CV survey (27, 28).

The bid values presented in the payment card or bidding formats do
not cover all the possible values for the product in practice.

Starting point bias:
The final response is influenced by the initial value presented in
the bidding format (29-31).

The order of the bid presentations are the same across all survey
respondents.

Oder bias:
The same product is valued differently depending on the order in
which the product was presented in the survey (2).

e.g. Product A that can achieve a 5% risk reduction is more highly
valued if it was presented before product B that can achieve a 10%
risk reduction than if product A was presented after product B.

Valuing the more valuable good before the less valuable one may
create a larger difference in valuations than vice versa because
people perceive a loss as worse than an equal gain (prospect theory;
32).

Respondents may demonstrate the warm glow effect with the
product that was presented first and the glow effect fades with
subsequent presentation (33).

TABLE ENDS HERE.
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2.1. Sampling

Because road safety measures often bear significant amenity value (e.g. protective clothing
has aesthetics, comfort, branding, etc) in addition to their safety benefit, willingness to pay
values generated across different products are likely to provide a wide range of implied

VOSL valuations.

It may be useful to obtain WTP values for each road safety measure that is targeted for a
specific group, rather than simply obtaining an overall WTP estimate for all road safety
measures (8). This may be particularly relevant for products that would only be used and
paid by a particular group, particularly those who may have a role in the decision making
process, for example relating to the use of motorcycle helmets and protective clothing.
Respondents can value the same product differently because of their individual differences
in the need and use of the product (34). For example, current patients/clients will value the
product based on current use (use-value). Non-current use respondents may gain utility
from knowing a service is available for their use in future given uncertainty (option value out
of insurance motives), or from knowing that a service is available to other individuals to use
(existence value out of moral satisfaction), or out of concern for the welfare of future
generations (caring externality). What type of value is being estimated will depend on the
sample used — users, convenient samples, general population —and the sample must be

selected to best match the policy and research questions (7).

2.2.  Survey design

2.2.1. Descriptor
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The optimal CV survey design is what matches best with the intended real implementation
context. A context specific design allows the measurement of preference of specific
individuals or groups who are affected by certain proposals. CV studies can suffer from
hypothetical bias, yeah-saying responses, non-responses, and unreliable WTP estimates if
the terms of the product provision is poorly described (19). While the product description
should be comprehensive enough to maximise the strength of the WTP approach, the
product attributes to be included in the descriptor must also be guided by what are relevant
and important to answer the research/policy questions. The CV survey must contain a
descriptor to inform the respondents the relevant decision-making context, nature of the
product to be valued, its use (private versus public risk reduction; current versus future use)
and/or non-use values (option value in the form of insurance or externalities in the form of
welfare of others), its expected outcomes (road safety improvement, duration, probability)
and/or non-outcome attributes (process utility: information, anxiety reduction), the
payment vehicle used (e.g. taxation, contributions to a fund, insurance premium, out-of-
pocket, existing road safety budget), and the institutional setting in which the product will
be provided (public or private) before asking about WTP (16, 17, 19). This is because they
are all shown to influence the value provided by the respondents (11). The descriptor must
be sufficiently informative to the extent that is feasible but not too complex to understand
(19, 35). Avoid using scientific or technical words and possibly utilise visual aids for

uncommon/unfamiliar products.

If the product being valued is likely to trigger strategic behaviour in the real world, then this

ought to be directly dealt with within the survey (19). For example, if the product to be
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valued is likely to be publicly provided then this should be made transparent rather than

hide it in order to suppress strategic behaviour.

From a purely economic point of view respondents must also be aware of the budget
constraints and thus the opportunity cost in terms of the benefits forgone from placing a
value on one program over another to avoid overestimates (17, 32, 36). This is especially
relevant when the rationale for the cost-benefit analysis is allocative efficiency in which

decisions to choose between two or more intervention alternatives must be made.

2.2.2. Description of risk or uncertainty

The main purpose of CV surveys is to estimate the value of risk reduction produced by the
policy product being evaluated and the CV method assumes that people correctly perceive
the risks (37). A general problem with road safety valuation is the low probability of a crash
event. The risk reduction must be communicated in the CV survey in a way that is most
likely to make sense to people. Use of percentage reduction in risk has been suggested
assuming the current risk is understood by the respondents before being asked about the
WTP value (38). Authors have also demonstrated that individuals are significantly more
accurate at making judgment when presented with information as absolute frequencies
than probabilities, hence minimizing scope and scale biases (39). For example, an absolute
reduction in numbers of deaths and injuries (intervention reduces 50 deaths) rather than
proportion (intervention reduces crashes from 8 to 7 in 10000 licence holders) may be more
meaningful to respondents. Visual aids for the communications of risks have also been

found to be helpful (40, 41).

2.2.3. Elicitation format
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Psychological and health economics literature suggest that different elicitation techniques
result in different WTP estimates (11). Generally higher response rates are achieved with
closed-ended questions than open-ended questions because respondents find it easier to
give a monetary valuation when they are guided with a price (17, 42). Various formats of
open and closed-ended questions exist with differing advantages and limitations (Table 2).
Being aware of the limitations and advantages of each type of elicitation methods is critical
to choose the most appropriate elicitation format within each research context and to

address the potential biases in the CV design and analyses.

In general it is recommended to avoid using open-ended questions. The potential starting
point bias in the bidding format or double-bounded dichotomous choice format can be
controlled for by randomising the ordering of the bids presentation within the sample (43).
Range bias is not found unless the payment card does not present the upper and lower ends
that respondents may desire to select, thus a pilot study is recommended to cover the range
of possible values in practice (44). A ‘no answer’ option should be explicitly allowed in

addition to the ‘yes’ and ‘no’ vote options to close-ended questions (17).

TABLE BEGINS OVERPAGE.
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Table 2. WTP elicitation formats, advantages and limitations

Elicitation format and example

Advantages

Limitations

Open-ended question

“How much are you willing to pay?”

Allows for smaller sample size than
other formats.

Simple point-estimates

Subject to non-response because it is
harder than close-ended questions
(e.g. yes/no questions).

Single-bounded dichotomous choice (referendum
format)

“Are you willing to pay S__?”
‘ves’ or ‘no’ vote to a single nominated value

Simple point-estimates

Inflated mean WTP due to yeah-
saying responses

Low statistical efficiency (45, 46)

Double-bounded dichotomous choice

“Are you willing to pay Sx?”

If yes, “Are you willing to pay Sy (amount more
than Sx)?”

If no, “Are you willing to pay 5z (amount less than

SX)?//

Increased information on the value.

Allow for smaller sample size than the
single-bounded dichotomous choice

Inflated mean WTP due to yeah-
saying responses

Vulnerable to starting-point bias and
range bias

Bidding format

Like an auction the respondents are asked whether
they are willing to pay a nominated amount, and
depending on their answer, they are asked about
lower/higher bids. This process continues until the
maximum WTP amount is found.

Higher response rate than an open-
ended question

Closer to market situation

Inflated mean WTP due to yeah-
saying responses

Vulnerable to starting-point bias and
range bias

Requires an interactive interview
format (computer programming, or
telephone/face-to-face interviews)
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Payment card

Showing respondents a series of values on a card
and asking them to choose the value that most
closely represents their WTP

Higher response rate than an open-
ended question

More valid (higher % of variance
explained; stronger association with
ability to pay) than estimates derived
from open-ended questions (27)

Vulnerable to range bias

Limited interview format in order to
present the payment card to the
respondents

Payment ladders

Absolutely certain that | would pay at least $10
and that | would not pay $20, but | am unsure if |
would pay $15.

Allow for range of uncertainty over the
value respondents place

Only an interval estimation between
the maximum rejected bid and the
maximum accepted bid can be
directly obtained.

TABLE ENDS HERE.
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2.2.4. Follow-up questions

The motives for the chosen value such as the warm glow effect and protest responses can
be identified by asking the respondents about their reasons for their choice of value (17,
19). Follow-up questions can also be used to make distinctions between the types of non-
responses—indifference between yes or no, inability to make a decision without more
information, preference for other products, disinterest or uncooperativeness in the survey.
Protest responses can be indicated by reasons for their zeros as “I think the government
should pay, not me”; “I pay taxes” (18). These are in contrast to real zeros where the
reasons can include “l would prefer to pay for something else” (18). From attitudinal
measurement and policy perspectives, the existence of different motives that influence the
value placement are relevant (19, 47). If strategic behaviour and warm-glow effects are
realistic phenomena in practice, then they need to be identified in the research process.
This enables policy makers to be aware of the barriers to implementation and plan ahead

ways to manage these barriers.

Follow-up questions on how certain the respondent are on their choice of value are also
helpful to identify and manage hypothetical bias, yeah-saying responses to close-ended
questions, and scale/scope bias (48, 49). When respondents are confident with their WTP
responses the estimates do tend to be sensitive to changing magnitude of risk reduction
(41). The data can be analysed excluding low certainty responses to obtain conservative
estimates that are not influenced by potential biases and thus more reliable WTP estimates

(50, 51). This CV analysis method is referred to as the certainty calibration.

2.2.5. Randomization of the order in which the products are presented if two or more

products are being evaluated
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This applies if two or more road safety products are being valued to determine the choice
and allocation of resources between the intervention options. Similarly to the management
of the starting-point bias in the bidding format elicitation method, the order bias of scenario
presentations can be managed by randomizing the order of presentations across
respondents. Randomization can cancel out the order bias to produce a more reliable mean

WTP estimate.

2.3. Interview format

The NOAA Panel strongly recommends face-to-face interviews on the basis that it allows the
presentation of large amount of information in a controlled sequence whilst maintaining
respondent interest and attention as well as encouraging the respondent to carefully
consider their response, thus minimizing hypothetical bias and yeah-saying responses (17).
However, face-to-face interviews may be more prone to demand characteristics where the
respondents desire to please the interviewer (52) and there is no solid evidence for its
superiority to telephone interviews (43). While the choice between telephone and face-to-
face interviews might depend on the cost-efficiency and practicality of conducting the
research (43), postal surveys are not recommended due to the implications of the order of

the question presentation and other complexities to the survey.

2.4. Analyses

Given WTP estimates can vary with potential biases, the robustness of the WTP estimate
must be examined by conducting sensitivity analyses. For example, compare the WTP
estimates between the entire sample and a sub-sample of only high certainty responses and

(49, 51). Similarly, compare the WTP estimates between the entire sample and a sub-sample
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in which protest responses are excluded. Additionally, if other types of strategic or non-
responses are evident, conduct similar sensitivity analyses to understand their influences on

the final WTP estimates.

2.5. Reporting of the CV methods

Although methodological research in CV surveys is ample there is still room to refine CV
methods such as the risk communication. Reporting of the CV methods used in each CV
study in road safety will contribute to the advancement of CV methods and potentially

identify strategies unique to road safety research.

3. Conclusion

Lessons learnt from the applications of CV surveys in environmental and health economics
are relevant in the applications of CV surveys in road safety research. The literature suggests
that potential methodological issues can be addressed and managed in the design and
analyses of CV surveys to maximize the validity and reliability of WTP estimates. Employing
evidence-based survey designs and question forms are critical to obtain the best possible

willingness to pay data in road safety research.
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2.5.4 Determinants of perceived value
In addition to measuring perceived value, understanding its determinants can inform the

ways in which effective road safety interventions can be promoted to increase the
community demand for them. CV studies that examined the determinants of the perceived
value of interventions are summarised in Table 2.8. In the table, the study population and
the intervention of interest, the CV survey procedure and the value elicitation question
format, the ways in which potential biases were managed, if any, analyses used to identify
the determinants of the perceived value, and the significant predictors including the

direction of association are shown.

Many of the studies in Table 2.8 lack the methodological considerations required for a best
practice CV application as identified in Sakashita et al (2012). Open-ended questions are still
quite common (e.g. 82, 85-91) despite the limitations highlighted in the literature. In order
to make transparent potential biases in the interpretation of the results it is best practice to
specify and justify the WTP elicitation format. However, CV studies that do not specify the
elicitation questions still exist (e.g. 92-94). Many studies make nil (e.g. 91, 93-96) or only
partial bias management in the design or the analysis (e.g. pilot study conducted but no

further management such as informative descriptor and follow-up questions).

More research exists on the determinants of the perceived value of environmental and
health interventions than for road safety interventions. Some studies have examined via the
contingent valuation method the determinants of the perceived value of road safety
products including a motorcycle helmet (87), an unspecified general safety product (88),
mortality and injury risk reduction on roads (86), a hypothetical safety feature installed on

their motorcycle (92), child safety seats (97), and car crash protection (85). However, to date
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no published study has sought to empirically quantify the perceived value of rider training

and analyse what factors influence it.

The type of regression analyses employed to identify the determinants of the perceived
value is another critical challenge in CV research. WTP values typically follow a non-normal
distribution and require transformation for parametric analyses (98, 99). Log-transformation
to manage the skewed WTP distribution is popular (e.g. 87, 91, 92, 94, 100-102) but log of
zero is mathematically impossible and thus zero WTP values must be excluded from the
analysis when in practice zero WTP values are meaningful (103). In order to avoid exclusion
of zero values many studies choose logistic regression where zero and non-zero values are
compared (e.g. 93, 94, 101, 104). However, this can be impractical because it assumes that
zero is the turning point and all positive WTP values are equal thereby hiding the possible
significant differences between different positive values in practice (e.g. those who are
willing to pay $500 or more may be significantly different from those who are willing to pay
$100). Hence the method of transformation and the regression type must be well

considered to account for both mathematical and practical problems.

Once the WTP values are transformed the existence of heteroskedasticity must also be
tested in order to ensure the method of transformation is appropriate for the final results to
not suffer from bias and precision (105, 106). However, none of the studies in Table 2.8 that
ran regressions on the transformed values reported tests of heteroskedasticity. Some

studies failed even to specify the regression type (e.g. 85, 87, 89, 90).

Nevertheless, the research on the determinants of the WTP values shows that income (e.g.
87-93, 95, 97,101, 102, 104, 107) and prior experiences of the product being valued or of

the health outcome achieved through the product (e.g. 90-93, 95, 101, 102, 104, 107) are
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relevant factors. Age (e.g. 86-88) and exposure (e.g. 86) can also be influential factors of the
valuation of road safety products. This thesis therefore examines prior experiences of
motorcycle crashes and rider training as potential determinants of perceived value of the

training after controlling for income, age, riding exposure and methodological biases.

TABLE BEGINS OVERPAGE.
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Table 2.8 Review of studies on the measurement of perceived value of interventions and its determinants via the contingent valuation (CV)

method

Road safety interventions

Reference Sample and intervention | CV survey procedure Bias management | Analyses Significant predictors
valued and elicitation question (direction of association
format +/-)
(85) Muller and N=77 senior Postal survey. Two survey forms Regression Living expenditure, crash
Reutzel 1984 undergraduate students Open-ended question— | of different base analysis but experience, seat belt
Willingness to aged 20-21, 68% females. | How much would you (100 or 10,000) type or wearing, distance
pay for reduction | Nearly one-third owned a | be willing to pay for the | alternately transformation | exposure, math ability

in fatality risk: an
exploratory

car; 12% involved in a
crash during the previous

additional protection for
own increased safety

assigned to manage
scale bias and

not specified.

test, and gender were
tested but none of them

survey year. AND How much would order bias. were significant
WTP for reduction in you be willing to add to predictors.
fatality risk (either on the | your monthly car
base of 100 or 10,000) payment for such
due to car crash protection for saving
protection either for their | unidentified lives.
own or for unidentified
lives.
(92) Fauzi et al. N=320 randomly selected | Face-to-face interview. | Pilot test Regression on Study 1: Income (+),
2004 motorcyclists interviewed | Question formats not conducted. log WTP. experienced serious

The value of life
and accident
costing: a
willingness-to-
pay study
amongst
motorcyclists in

in the Seremban
Municipality
approximately 60km
south of Kuala Lumpur,
Malaysia.

Study 1: WTP for a
hypothetical safety

specified.

injury in motorcycle crash
(+), seen a motorcycle
crash (-), motorcycle
engine capacity (-).

Study 2: Gender
(reference not clarified).
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Malaysia

feature installed on their
motorcycle for 20% vs
50% fatality risk
reduction.

Study 2: WTP in order to
travel using safer bus
services with safety
records of a 50% vs 80%
lower risk of death.

(86) Andersson
2007
Willingness to
pay for road

Randomly chosen
individuals aged 17-74 in
Sweden.

2884/5650-51% response

Postal survey.
Open-ended
guestions—How much
would you at the most

Pilot study
conducted.
Protest answers
excluded.

Non-linear
regression and
log-linear
regression

Risk reduction magnitude
(+); age (-) self-perceived
baseline risk of dying (-);

annual mileage (+).

safety and rate. be willing to pay for Visual aid of a grid | where zero WTP
estimates of the | WTP for a road mortality | reducing your own consisting 100,000 | values included
risk of death: risk reduction (N=977). annual risk of 1) dying white squares and excluded.
Evidence from a WTP for a reduction in by (1/10, 1/3, %, or where the number
Swedish injury risk (N=1907) 99/100)? & 2) dyingina | of squares
contingent traffic accident by (1/10, | corresponding to
valuation study 1/3, %, or 99/100)? the different risks
blacked out.
(87) Pham et al. Multi-stage random Face-to-face interviews | Range bias Interval DCQ: Age (-); knowledge

2008
Households'
Willingness to
Pay for a
Motorcycle
Helmet in Hanoi

sampling of Vietnamese
riders 18+ years, head of
household or spouse,
owned a MC, lived in
sub/urban Hanoi.

414 out of 420 invited
households in 2 urban
and 1 suburban district of

with a structured
qguestionnaire on
demographics,
knowledge of and
attitudes to helmet
regulation and levels of
fines.

Double-bounded

managed through a
pilot survey in 10
households to
refine wording and
to determine the
first and second
level distribution
for the bids.

regression for
logarithmic DCQ
elicited WTP.
Multiple linear
regression for
OEQ elicited
WTP (not clear if
the transformed

of helmet regulations (+)
and fine (+); belief in
helmet use (+); support
for helmet regulation (+);
occupation (small trade
employment higher
WTP).
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Hanoi from Jan 2007 to
February 2007.

mean age=42.9.
female=35.5%.

WTP for a motorcycle
helmet (trademark name
of the helmet company,
size, date of manufacture
and quality sticker
shown).

dichotomous choice
questions (DCQ)-2 sets
of yes/no questions to
find lower and upper
boundaries.
Open-ended questions
(OEQ)-How much will
you be willing to pay for
a helmet for head injury
prevention if the price
was partly subsidized by
the government.

Two sub-samples
responded to two
starting point bids
to confirm no
starting point bias.
Excluded possible
‘vea-saying’ (OEQ
WTP much lower
than the DCQ WTP)
and protest
answers (all bids in
the DCQ rejected
but much higher
OEQ WTP) from
analyses.
Respondents were
made aware of the
opportunity cost
for purchasing the
helmet-that the
money for the
helmet could not
be used for other

or raw values
used).

OEQ: Annual income per
capita (+); age (-);
education (+).

purposes.
(107) Andersson | N=1950 individuals aged Postal survey. Informative Regression Income (+); someone
and Lindberg 18-76 in the city of Single-bounded descriptor. analysis with a close to the respondent
2009 Orebro, Sweden. dichotomous choice The six bid levels bid-function has been injured from a
Benevolence and | WTP for abstract safety guestion-Would you (200, 1000, 2000, approach. road crash (+); self-

the value of road
safety

device that would reduce
the risk to zero for the

rent the device for your
own use for SEK200 per

5000, 10K, 20K)
based on pilot

assessed that their risk is
lower than average (-);
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user and could be rented | year? study. number of adults in the
on an annual basis. The users varied and household (-); children
compared to self as the (+); household members
reference group with (+); relative/friend (-);
respondent’s children public (-).
<18 and living at home,
all members of the
household,
relative/friend, or
public.
(88) Svensson A random sample of 1500 | Mail survey. Informative Four regression | Age (-), income (+),
2009 individuals currently living | Questionnaire framed descriptor. models-Linear, | employed, have uni

Precautionary
Behavior and
Willingness to
Pay for a
Mortality Risk
Reduction:
Searching for the
Expected
Relationship

in Orebro, Sweden.

552 observations - 59%
response rate excluding
missing data.

mean age=43.06.
female=52%.

WTP for a ‘safety product’
that cuts your own risk
(i.e. private good) of both
fatalities and severe
injuries.

using the Swedish Vision

Zero-a long-term roa
safety objective that
roads and vehicles

d

should be designed so

as to prevent acciden

ts

from happening but if

they do, protect road

users from fatalities and

serious injuries.
Open-ended
guestion-How much

would you at most be
willing to pay each year

for renting the safety

product that cuts your

own risk for fatal and

serious traffic accidents

Follow-up question
to determine
protest response
(defined as
“question unclear”
or “l don’t believe
the risk will be
reduced”) or true
zero (defined as
“risk reduction too
small” or “cannot
afford to pay”).

Tobit (WTP
cannot be
negative), probit
(WTP>0 or not),
linear on In
(WTP+1).

education, have children.
No relationship between
stated WTP and
precautionary behaviour
(front & back seatbelt,
bicycle helmet & light,
reflector, no speeding)
even when accounting for
age, gender, income,
education, having
children.
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in half?

(82) Svensson

A random sample of 1500

Mail survey.

Follow-up question

Factor analytic

WTP for a private risk

and Johansson individuals currently living | Open-ended questions: | to determine approach. reduction three times
2010 in Orebro, Sweden. 1) private good risk protest response higher compared to a
Willingness to mean age=42.96. reduction: How much (defined as public risk reduction.
pay for private The total sample (N=875) | would you at most be “question unclear” A significant part of the
and public road split in four subsamples willing to pay each year | or “l don’t believe difference explained by
safety in stated with separate WTP for renting the safety the risk will be the respondents’
preference guestions for 1) both product that cuts your reduced”) or true attitudes towards
studies: Why the | private and public risk own risk for fatal and zero (defined as privately and publicly
difference? reduction but asked to serious traffic accidents | “risk reduction too provided goods in

value the private good in half?; 2) public good small” or “cannot general.

first; 2) both private and risk reduction described | afford to pay”).

public risk reduction but as a public road safety

asked to value the public | investment.

good first; 3) private good

only; 4) public good only.
(97) Jarahi et al. N=590 parents of Face-to-face interview Descriptor Logistic Household income (+).
2011 kindergarten children in selected including regression on

Parental
willingness to pay
for child safety
seats in Mashad,
Iran

who owned personal cars
in Mashad, Iran.

WTP for a child safety
seat.

kindergartens.
Payment card of seven
values ranging from 0-
$300.

information on
child car passenger
deaths and
evidence of efficacy
of child safety seats
to manage
hypothetical bias.
Pilot study to
manage
hypothetical bias

<$100 versus
>=5$100.
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and range bias.

Non-road safety interventions

Reference Sample and CV survey procedure Bias management | Analyses Significant predictors
intervention valued and elicitation question (direction of association
format +/-)
(101) Pedersen et | Representative (in terms | Web-based Range bias — pilot Binary logit Nothing significant for
al. 2011 of age, gender, guestionnaire. test verifying the model to the logit model.

The influence of
information and
private versus
public provision on
preferences for
screening for
prostate cancer: A
WTP study

geography and
household size) sample
of the Danish male
population aged 50-70.
N=1564 out of 3901
invited (40.1% response
rate)

Mean annual household
income = EUR 73,473
WTP for a prostate
specific antigen (PSA)
test—prostate cancer
screening test that is
provided publicly versus
privately with 3 levels of
information within each
provision.

Double-bounded
dichotomous question
format.

A starting bid randomly
allocated from a pool of
bids DKK (50, 100, 200,
500, 1000, 3000), which
represented 3 bids
lower than the normal
price of a PSA test.
After the bidding, the
respondents asked to
state their maximum
WTP from a payment
card containing 20
different values ranging
from DKK 0 — 10,000
with increasing intervals
to gain a high sensitivity
around DKK 0.

bids unlikely to
constrain the
respondents’
choices.

Starting point bias
and anchoring bias
—random
allocation of
starting bids.
Hypothetical bias —
follow-up question
on how certain the
respondents felt
about their stated
maximum WTPs on
ascale 1- 5; WTP
with high certainty
only used (certainty
calibration).
Protest responses
(“ do not want to
pay out-of-pocket
on principle

compare no WTP
(inferred and
expressed zeros)
and positive
WTP.

Interval
regression on log
WTP values (only
positive WTP) to
adjust for
skewness of data

Public setting: income
(+); prior PSA test
experience (-); negative
attitudes towards fees (-
); partly support fees (+);
starting bids.

Private setting: income
(+); cancer history in
family (+); partly support
fees (+); starting bids.
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grounds”)
identified by asking
the respondents
their reasons for
choosing WTP=0.

(91) Togridou et
al. 2006
Determinants of
visitors’ WTP for
the National
Marine Park of
Zakynthos, Greece

Randomly selected
Greek and foreign
visitors accessing three
main beaches of highest
activity in the national
park at peak visiting
times. Every 10" visitor
was approached.
N=495/550 (90%
response rate).

WTP for National Marine
Park of Zakynthos.

Paper questionnaire.

A payment principle
question (in principle in
favour of paying at least
some amount for the
park), followed by a
reason question for ‘no’
and open-ended
guestion for ‘yes’ and
their reason for the
amount.

Nil.

Logistic
regression on
payment
principle
response.
Multiple
regression on the
log WTP to
account for the
skewed
distribution and
to prevent the
prediction of
negative WTP
amounts.

Payment principle: TV as
source of information on
environmental issues (+);
perception of the
national park’s aim as
regulation (+); the fee
perceived to be low (+).
WTP amount: income
(+); travel cost (-); word-
of-mouth on
environmental issues (+);
information from travel
agency (-);
environmental concern
(+); Satisfaction with
services and prices (+);
satisfaction with
infrastructure (-); belief
that residents
overexploit visitors
economically (-).

(102) Leung et al.
2004

Physicians’
perceptions

A representative
physician population
randomly selected from
the full and limited

Mail survey.
Single-bounded
dichotomous choice
question.

The bid levels
determined by
open-ended
guestions in a pilot

Log-linear
regression.

Income (+); work in a
corporate setting (+).
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towards the
impact of and WTP
for clinical
computerization in
Hong Kong

registration lists of the
HK Medical Council.
N=810 out of 4850
mailed (16.7% response
rate).

WTP for
computerisation in a
hypothetical ambulatory
solo clinic for
administrative functions,
clinical functions, or
both.

study.

(89) Bernard et al.
2011

Perception of
alopecia by
patients requiring
chemotherapy for
non-small-cell lung
cancer: AWTP
study

N=135 patients receiving
chemotherapy for non-
small-cell lung cancer
from 3 French and 1
Belgian hospitals.

mean age=58.

42% females.

WTP for reducing the
risk of alopecia from
chemotherapy.

Face-to-face interviews.
Hypothetical scenario: 2
chemotherapy drugs
with the same efficacy,
the same dosing
schedule, and the same
tolerability except for
the risk of alopecia (A:
40% versus B: 5%).

4 separate open-ended
guestions on the
amount they would 1)
be inclined to pay; 2)
not be inclined to pay;
3) certain to pay; 4)
certain not to pay for
product B

This question repeated

Respondents asked
to opt for product
A or B to ensure
they understood
the scenario (1%
preferred A but all
patients were
included in the
analyses).

Type of
regression
analysis not
specified.

Income (+); Females (+);
increasing risk difference
between A & B.
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the same except
product B’s risk
reduction amount
varied from 5% to 10,
20, and 30%.

(93) Pinto et al.
2009

Identifying factors
that affect
patients” WTP for
inhaled insulin

Random sampling of
diabetes patients on
subcutaneous insulin in
USA.

N=128 out of 1103
patients (11.6%
response rate).
Predominant
respondents — Caucasian
(85.1%), female (55.5%),
65+ (46.5%), an annual
household income <
$40K (67.2%).

WTP for inhaled insulin
(Exubera).

Mail survey.
Background information
on Exubera (how it was
administered and how it
should be stored) with a
picture of the inhaled
insulin device.

The elicitation question
not described in detail.

Nil.

Binomial logistic
regression on no
WTP versus
positive WTP.
Linear regression
on the WTP
amount (no
transformation)

WTP dichotomy (S0
versus >0): household
income (+); satisfaction
with current insulin
therapy (-).

WTP amount: household
income (+); current cost
of insulin therapy (+).

(100) Wagner et
al. 2000

WTP for
mammography:
item development
and testing among
five ethnic groups

N=52 low income
ethnically diverse
(African Americans,
Filipinas, Latinas, White,
Chinese) women aged
40-74 in San Francisco.
mean age=58.

55% <S30K annual
hous