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Background

Work-related road safety is a strategic priority in the Road to Zero road safety strategy and
across government agencies. Work-related road trafficfatalities are understood to make up
around a third of all workerfatalities as well as a third of the national road toll. However, we
currently know little about work-related fatal, serious, and minor injuries incurred through road
trafficcrashes, northe contextual and system factors which contributeto these crashes. Safe
System and socio-technical system crash analyses can yield usefulinsightsinto work-related
crash contexts so that evidence-based initiatives can be planned accordingly.

Aims
Focussingon driving forwork in light and service vehicles, the project aims were to:

e Determine the Safe System factors associated with fatal, serious injury, and minor
injury crashes that occurred in light and other selected vehicles while driving forwork.

e Explore socio-technical methods foranalysing driving for work crashes or crash
clusters.

Method

The project was carried out in three phases:

e Phasel — literature scan of work-related road casualty studies and phase 2 feasibility
assessmentand method development

e Phase2 —analysis of 300 driving forwork injury crashes (100 each of minor, serious,
andfatal injury) occurring in light or service vehicles using a Safe System coding
framework based on previous studies and statistical determination of case clusters

e Phase3 —review of socio-technicalapproachesto road safety and completion of a pilot
AcciMap showing how contextual factors contributeto driving for work crashes.

A project reference group was established to guide and input into the research. The group was
represented by the AA Research Foundation, AADriving School, Waka Kotahi, Ministry of
Transport, and Worksafe.

Key findings from literature scan (Phase 1)

The literature scan identified a range of methodologies used to understand work-related
(driving for work) trafficcrashes and pointed to the importance of takinginto account
pedestrian and bystanderinjuries, coding a wide range of variables, and using crash
characteristics to identify fatigue and speed-related crashes. Driving for work crash trends
included a much higher representation of men and an older average age compared to general
trafficcrashes, with the transport sector and the construction industry bearing the highest
burden of work-related trafficinjury in Aotearoa New Zealand. Fatigue and speed were
identified as common but underreported crash factors, while time pressures, stressful work
demands, and poor organisational safety cultures were linked to unsafe driving behaviours and
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fatigue. Particularly for drivingfor work crashes occurring in light vehicles, gaps included a lack
of research into vehicle and environmental factors, variable findings on driver factors, and a
limited understanding of organisationaland other upstream factorsinvolved.

Key findings from Safe System analysis (Phase 2)

The Safe System crash analysis, as in previous analyses, showed that driving for work injury
crashes are often linked to multiple system failures across Road and Roadside, Speed, Vehicle,
and User components, and that a failure across a wider range of these componentsislinked to
increasing crash severity. As is commonly found in other areas of road safety, driving forwork
crashes were often linked to rural roads, a lack of traffic division, seat belt non-use, low star-
rated vehicles, and user distraction/inattention and fatigue.

However, the following areas were found to be prominent or relatively uniqueto driving for
work crashes:

e Even more dominated by males with a more even age distribution than non-work
related crashes

e Relatively large vehicles including buses, vans, utes, and light trucks being common
driving for work vehicles.

e Involvement of vulnerableroad users in urban areas, with buses often implicated
e Injuries tendedto be sustained by other users rather than thosedriving for work
e Someindication that unpredictable manoeuvres were more commonly implicated

e Arelatively high proportion of vehicles with no available rating, perhaps as more
common cars were less likely to be work vehicles.

Conversely,

e Bothspeed andalcohol were less implicated in driving for work crashes compared with
other studies, although very low speeds by heavy vehicles were often implicated in high
severity injuries.

e Overall, extreme or reckless user behaviours were identified less frequently among
people drivingfor work compared to road users in general crashes.

e |In multi-party crashes, thosedrivingforwork were given a primary role in the crash in
42% of cases and were less likely to have primary responsibility in fatal crashes.

Three distinct work-related crash profiles were identified through a statistical cluster analysis:

Multiple vehicle crashes (n=188), ofteninvolving work vans, utes, and SUVs in side
% impact crashes, occurring across all land use types, and typically resultingin injury to
non-driving for work drivers.

W\ Vulnerable road user crashes (n=72), often involving professional driversin vans or
¢ 'Z{ buses colliding head on with a pedestrian in an urban or commercial shopping area.

Q Single vehicle crashes (n=40)involving people driving vans or light trucks for work
gl losing controlon rural roads and hittingan object or rolling, with fatigue, non-seat
belt use, and speed often implicated, and resulting in high workerinjury rates.
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Key findings from Socio-technical Systems analysis (Phase 3)

A pilot Accimap (map of causal factors from across the system) was completed fora crash in
which a taxi driver was killed and six passengersinjured. It demonstrated how decisions,
actions, policies, and ways of working across a range of system levels contributed to the crash,
from societal norms around driving fatigued and organisational pressures to accept jobs, to
medication side effects and non-seat belt use. Of particular note was conflicting medical advice
to the driver around whetherthey were fit to drive, and the lack of fatigue managementonthe
part of the employer. Overall, the analysis showed that there were multiple factorsinvolved,
and also multiple points at which better policies or intervening actions could have prevented
the crash from occurring.

Conclusions

The Safe System analysis of 300 driving for work crashes has shown that, as in previous studies,
multiple failures across the Safe System are associated with higher severity crash outcomes.
However, driving for work crashes are less likely to involve extreme behaviours compared with
non-work-related crashes, and thosedriving for work are less likely to be ascribed primary
responsibility than other road users. Other unique characteristics of driving for work cases
include situations where otherroad users are implicated/harmed, where large vehicles and
pedestrians have the potentialto interact — sometimes at very low speed, where inattention
may happen, and where vehicles without a star rating are involved. Several road safety issues
commonto crashes more generally were also identified such as undivided high speed roads,
seat belt use, fatigueand distraction, and low star rated work vehicles. ‘Upstream’ contributing
factorsin driving forwork crashes were explored using a socio-technical systems approach, with
a worked example showing how wider system influences can be mapped and understood.
Overall, thereis a need toimprove data quality and procedures for accessing and using incident
related data so that effective interventions can be based on the best possible evidence. Building
on thisanalysis and the three common driving for work crash types that have been identified in
this study, itis recommended that a deeper understanding of the context around typical driving
forwork crashes be used to develop system-wide advocacy and policy responses.
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Work-related road safety is a strategic priority in the new road safety strategy Road to Zero
(Ministry of Transport (MOT), 2019) and is of strategic interest across a number of government
agencies (e.g. MOT, Waka Kotahi, WorkSafe, ACC). The prevalence of work-related fatal injuries
which were road trafficfatalities has been found to make up 30% of all worker fatalities
(McNoe, Langley, & Feyer, 2005) and between 22%-36% of the nationalroad toll (including
workers, bystanders, and commuters; Lilley et al., 2019). Although not reported, it is likely that
similar patterns may be apparent for serious injury and minor injury crash outcomes. Beyond
this understanding, more contextual information is needed for work-related motorvehicle
trafficcrashes (WR MVTC), so that evidence-based initiatives can be planned accordingly.

One method for better understanding the context of and factors involved in trafficcrashes is to
analysecrash records from a Safe System perspective. A Safe System analysis framework
developed and usedin previous AARF and NZTA research projects (Hirsch, Mackie, Scott, &
Thorne, 2018; Hirsch, Waters, Scott, Mackie, & de Pont, 2017; Mackieet al., 2017; Thorne,
Hirsch, Blewden & Mackie, 2020) has proven to be usefulin determining Safe System factors
associated with casualties. These studies have shown that, forexample, the higher the crash
severity, the more likely it is that multiple system failures contributed to the crash outcome,
andthat fatal crashes were more likely toinvolve extreme behaviours than serious injury
crashes.

However, fataland serious injury crashes comprise only a small percentage of the overall
crashes, conflicts, and interactions that happen daily on our roads (Figure 1) —and, although
they are the crashes of strategicimportance, they do not tell the wholestory (Hydén, 1987).
Therefore, there is value in also examining minorinjury crashes to better understand underlying
patterns within less severe, more common conflict scenarios. For sometime now in New
Zealand, minor injury crashes have been used to predict the overall risk of roads, so the concept
is not new in road safety practice.

Figure 1: Interaction between road users as a continuum of events (Hydén 1987)

Slight Conflicts

Potential Conflicts

Undisturbed
passages

Conceptually, systems methods foranalysing safety incidents are moving towards ‘socio-
technical’ system approaches. This digs deeper, beyond immediately identifiable crash factors,
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to understand thetechnical and social context that contributeto incidents (Figure 2). For
example, a Safe System analysis can help toidentify that fatigueis frequently suspectedin some
kinds of fatal work crashes, along with certain road conditions. A socio-technical systems
analysis can then obtain more context about what led to the driver being fatigued, or what
planning, funding or maintenance actions led to these road conditions, thereby helping to
pinpoint organisational actions that can ultimately lead to the prevention of fatigue crashes.

Figure 2: Levels of analysis of factors contributing to vehicle crashes

Contemporary Human

Factors system methods

Problem dafinit Early systems methods
roblem definition =
- Safe System Why crash happened

- Size of problem - Socio-technical system

approach
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Truck drivingis an important sub-areain the driving for work problem; however, there is
already a considerable focus on truck driving through government agencies, and much less is
known abouttherange of other vehicles that are used forwork purposes and the risks
associated with them. For these reasons, this project focused on work-related (driving for work)
crashes occurring in light vehicles and some sservice vehicles only. More detail on the scope of
the analysisis provided later.

To better understand the broad system factors associated with driving for work crashes
occurring in light vehicles, we conducted a feasibility study, aliterature scan and two systems
analyses of injury crashes involving driving for work. A project steering group was formed to
guide the project direction.

The project had two aims:

e To determine the Safe System factors associated with fatal, serious injury, and minor
injury crashes that occurred in light and somesservice vehicles while driving for work.

e To explore socio-technical methods foranalysing driving for work crashes or crash
clusters.

The project was carried out in three separate phases, outlined below.

Phase 1 — feasibility of Phase 2

e A brief scan of existing work-related casualty literature to help position the project,
identify themes, and review methodologies

e Assessment of the feasibility of identifyingand coding 300 driving for work motor
vehicle trafficcrash cases (DFW MVTC), including the timeframe and the proportion of
fatal, serious injury, and minor injury crashes these cases covered
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e Establishmentof a detailed method

e Confirmation of Phases 2 and 3 methods with the reference group.

Phase 2 — Safe Systems analysis

e Analysis of 300 DFW MVTC that occurred in light and service vehicles using a Safe
System coding framework based on the method used in previous Safe System crash
studies

e Examination of factors relating to the speed environment, roads and roadsides,
vehicles, and road users involved in these crashes

e Statistical determination of clusters of cases containing similar attributes fromthe
coding output

e Comparison of the findings with previous relevant studies including the analyses of
deathsand seriousinjury crashes and of seatbelt crashes previously commissioned by
the AA.

Phase 3 — Socio-technical systems mapping analysis

e Brief review of current progressin socio-technicalapproachesin New Zealand’s
transport sector

e Discussions with stakeholders to confirm how this method could be usedin the driving
forwork context

e A pilotAcciMap (example of socio-technical method) to show how contextualfactors
contributeto driving for work crashes

e |dentification of actions that should be followed up by agencies to further develop this
method in New Zealand.

The report is separated into three self-contained sections along with a combined discussion
section at the end. The first section summarises the literature scan, the following two sections
detail the two analyses completed as part of this project, each with an aim, method, findings,
anddiscussion, and the final section comprises an overall discussion and conclusions. The four
sectionsare as follows:

1. Summary of the findings from the Phase 1 scan of driving for work literature

2. Safe Systemsanalysis of 300 drivingforwork crashes (Phase2)

3. Socio-technical systems mapping analysis of a driving forwork crash (Phase 3)
4

Overall discussion and conclusions

Somekey terms used throughout the report are as follows:
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e Driving for Work User; DFW Driver: the driver involved in each crash who has been
identified as the primary driving for work person according to the study definition

e Other Party/Parties: any other parties involved in the crash — note party refers to either
a vehicle and driver, or a vulnerable road user (excludes passengers)

e Other User(s):any otherroad users involved in the crash —note this includes drivers,
passengers, and vulnerable road users

e Vulnerable road user(s); VRUs: motorcyclists, cyclists, and pedestrians, including people
using scooters or mobility devices
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As part of Phase 1, a literature scan was completed to review methodologies, identify themes in
the driving for work literature, and position the project. The findings of the literature scan are
summarised in this section. For the full report, see APPENDIX B: LITERATURE SCAN REPORT.

The literature scan method entailed reviewing academic and non-academicliterature related to
driving for work crashes, with a focus on methods used. Key word searches were conducted in
Science Direct and Google Scholar using search terms such as “driving forwork”, “crash”, “work-
related”, “fatality”, “occupational”, “injury”. “Contributing factors”, “systeminfluences” and
“light vehicles” were also used as necessary to focusin on these areas. Literature was selected

based on methodologies and findings relevant to this study.

Several driving forwork research methodologies were identified in the drivingforwork
literature, with different goals. Coronialdata and injury claims have typically been used to
determine the overall burden or incidence rates of driving for work crashes, while vehicle use
registration data enables identification of specific vehicle types and uses. Police reports and
crash records tend to be used to examine crash contexts including demographicand roading
environment factors, though variable data accuracy is a common concern. Finally, more
upstream work-related factors associated with driving safety or crashes have been explored in
studies using stakeholderinterviews and focus groups, diary studies, and surveysand
guestionnaires, as well as thematic analyses of crash and safety intervention case studies and
organisational safety policies. Fora list of studies using each of these methodologies, see Error!
Reference source notfound. in APPENDIX B: LITERATURE SCAN REPORT.

Of note was also that definitions of driving for work vary from country to country and between
different studies. For example, in some European countries, commutingto and from work is
included while in most English-speaking countries it is not, and in some places the vehicle is only
considered to be a workplacewhen used on worksites (Mathern, 2019).

Key methodology points from theliterature relevant to this study include:

e Including pedestrians and bystanders in the analysis of driving forwork crashes (Lilley,
etal,2019; McNoeetal., 2005; Langley etal., 2006, Sultana etal., 2007)

e Consideration of occupationsin the gig economy and/or grey fleet (personalvehicles
used for work purposes), such as ridesharingand food delivery (Ward etal., 2020)

e Applyinga broad definition of working as “working for pay, profit or paymentin kind,
assisting with work in an unpaid capacity, or being engaged in work-related activities
even when on a break or away fromthe workplace, for example, rest stops taken during
work-related travel” (Lilley, et al., 2021, pp. 124-125)

e Consideringthe “blameworthiness ratio” (driver role in/contribution to crash) and how
it relates to othervariables (Clarke et al., 2005, p. 14)
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e Codingforfatigueand speeding, in the absence of police identification of these
conditions, by identifying characteristics of driving behaviourthatindicate fatigue (e.g.,
travelling on incorrect side of road for single vehicle crashes, running off road with no
evidence of speeding) or speeding (e.g., losing control ona curve; Boufous &
Williamson, 2009, p. 468)

e Codingawide range of variables as limited coding can potentially significantly
misrepresent the impact and effects of driving forwork crashes (McNoe et al., 2005,
Wardetal.,, 2020).

e Codingvehicle, road environment, and work factors as well as those related to drivers
and passengers (Stuckeyetal., 2010).

Several limitations of driving for work analyses were identified in the literature. These include
data availability and accuracy. In particular, crash records made at the time of the crash, usually
by police officers, are often incomplete or inaccurate with regard to participation in work
activities, injury severity (Clarke etal., 2005, McNoe etal., 2005, Ward etal., 2020), and notably
in Aotearoa New Zealand, ethnicity (Sultanaetal., 2007). Additionally, data sourced sourced
frominsurance claims or worker compensation claims are limited by accurate self-reporting,
willingness to lodge claims, and knowledge of claim eligibility (Boufous & Williamson, 2009;
Sultanaetal.,, 2007, Ward etal., 2020).

Demographictrends in work-related crashes include that men are significantly over-
represented in injury statisticsamong people driving for work, and especially among those
driving load-carrying vehicles (Boufous & Williamson, 2009, Clarke et al., 2005, Driscoll, et al.,
2005; Lilley, et al., 2021, McNoe et al., 2005, Stuckey etal., 2010; Sultana et al., 2007). Looking
at age, in Aotearoa New Zealand, people driving forwork aged 35-44 havethe highest number
of injuries overall, but serious and fatalinjury numbers are higher in age groups 45 and above
(Lilley, et al., 2021, Sultana et al., 2007). Internationally, high fatality rates have also been
identified amongwork drivers aged 65 years and older (Boufous & Williamson, 2009; Driscoll et
al., 2005; McNoe etal., 2005). Ethnicity was rarely examined; however, Lilley, et al. (2021)
reported thatthe rate of work-trafficfatalities for Maori workers was almost three times higher
than other ethnic groups in New Zealand.

Contextualfactorsinvolved in work-related crashes identified in the literature tended to focus
on factors related to the driver and to their organisation. Both fatigue (Anderson, etal., 2018;
Boufous & Williamson, 2009; Clarke et al., 2005; Friswelletal., 2006, Husain etal., 2019;
Marcus & Loughlin, 1996; Stuckey etal., 2010) and speed (Boufous & Williamson, 2009; Clarke
et al., 2005; Freeman etal., 2008; Hirsch, etal., 2017; Stuckey etal., 2010; Wishartetal., 2017)
were identified as commonissues thatincrease the risk of severe and fatalinjuries in driving for
work crashes. Other findings of interest include that fatigue is likely to be severely under-
reported underreported (Clarke etal., 2005; Friswell et al., 2006), while one study found that
speeding behaviour seems to be regulated by the safety climate of the organisation (Wishart et
al., 2017). Otherdriver factors associated with work-related trafficcrashesinclude driver
impairmentor illness (Copsey, etal., 2010; Lilley, et al., 2019), not wearing a seat belt (Hirsch et
al., 2017), driverdistractions such as mobile phones, maps, and in-vehicle technology (Rowland,
2018; Salmon & Lenné, 2015), and certain driving styles that can exacerbale work stress and job
strain (Usecheetal., 2020).
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At an organisational level, people driving for work in the transport sector (including postal,
warehousing, publicutilities, storageand communication) werefound to be the most frequent
victims of driving for work fatalities and injuries in New Zealand (Driscoll, et al., 2005; Lilley, et
al., 2021, Sultana etal., 2007). Interestingly, the construction industry in New Zealand was
foundto have higher driving for work fatality rates than Australia and the USA (Driscoll, et al.,
2005). Internationally, taxidrivers have also been identified as having high serious crask risk
(Boufous & Williamson, 2009, Husain etal., 2019).

Risky and unsafedriving behaviouris found to be linked to the time pressureand stressfulwork
demands placed on work-drivers, which can also increase effects of fatigue (Husain et al., 2019;
Rowland, 2018). Onthe otherhand, a strong, defined, and widely understood organisational
safety culture was found to strongly influence safety behaviourand reduce driving errors
(Copsey, etal., 2010; Newnam et al., 2008; Wills et al., 2009; Wishartetal., 2017), but can be
difficult to implement, as many drivers work independently, away from a fixed base of
operations (Wardetal., 2020).

Where vehicle and environmentalfactors werediscussed, it was mainly in relation to freight
androad haulage (Clarke etal., 2005, Copsey etal., 2010). However, one United Kingdom study
found that workers driving company cars, vans/pickups, and large goods vehicles w ere more
likely to be deemed at fault than the other parties they were involved in crashes with, for
reasons of excess speed, observationalfailures, and fatigue or vehicle defects respectively. In
contrast, workers driving buses, taxis, and emergency vehicles were more likely to be deemed
victims of the road behaviour of other parties (Clarke et al., 2005).

As demonstrated by the findings above, while some influences on driving for work safety seem
clear, thereis still a significantknowledge gap in understanding the range of contextualfactors
influencinginjury and fatality occurring while driving light vehicles for work. In particular, while
thereis a large amount of information on driver factors, it is highly variable and not necessarily
relevant to the New Zealand context, and there is very little on vehicle, environmental, and
wider contextual factors. Similarly, though several organisational factors are identified, our
understanding of the upstream causes is limited beyond somekey recent studies. A holisticand
comprehensive systems approach is therefore required to understand the range of influences
on work-related road safety and to design appropriate interventions (Rowland, 2018).

One way of considering the different levels at which we can seek to understand theinfluence of
differentfactorson WR MVTCis shownin Figure 2 (see section 1: INTRODUCTION).

One modelthat has been used to understand theimmediate context of differenttypes of
crashes is the Safe System analysis framework used to examine Safe System factors in studies of
vehicle occupants not wearing seatbelts, pedestrian crashes, and differences between crashes
causing serious injury and those causing fatality (Hirsch et al., 2018, Hirsch etal., 2017; Mackie
etal.,2017; Thorneetal., 2020). These studies have facilitated an understanding of the types of
environmental, vehicle, and road user factors associated with injury and fatal crashes, and how
multiple system factors come together in crashes.

Taking the system approach a step furtheris research into the widerand upstream factors
influencing road safety, such as organisational arrangements and government policies (Salmon
& Lenné, 2015, Salmon, 2020). Taking socio-technical and socio-ecological approaches, these
kinds of analyses have recently been carried out for workplace safety related to people driving
heavy vehicles for workin New Zealand (Tedestedt George, 2018; Tedestedt Georgeetal.,
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2021). Asystemsapproach has also been developed specifically for light vehicles used for work
purposes by Stuckey, LaMontagne, & Sim (2007) in the United Kingdom.

The application of a systems analysis on driving forwork research is supported by a recognition
in the literature of the value it provides to fully understand the scale of the issue and the range
of interventions at different scales needed to make animpact on safety (Copsey etal., 2011,
Newnam & Watson, 2011; Useche etal., 2020). Further, Tedestedt Georgeet al. (2021)
recommend that methods for monitoringand mappingrisk and harm related to driving for work
are improved, and that ways of sharing data are established to leverage existing data from
outsidegovernment and across government departments.

The current research project seeks to develop and apply two levels of systems analysis to better
understand theimmediate and wider contextual factors associated with crashes while driving
forworkin light vehicles. This deeper understanding of factors within the light vehicle driving
forwork context willfill this knowledge gap and facilitate decision-making around how best to
reduce harm related to driving for work.
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This section describes the Safe System analysis completed in Phase 2 of the project to explore
contextual crash factors relating to each of the four Safe System elements (pillars): Roads and
Roadsides, Speeds, Vehicles, and Users (MOT, 2019).

The central aim for this analysis was to determine the Safe System factors associated with fatal,
seriousinjury, and minor injury crashes that occurred in light and someservice vehicles while
driving for work.

3.2.1. Datasetselection

To include a range of driving for work crashes and to explore differences in minor, serious, and
fatal crash trends, a total of 300 injury crash cases were selected: 100 fatal crashes, 100 serious
injury crashes, and 100 minorinjury crashes. Figure 3 (overthe page) summarises the dataset
selection approach, including the case definition.

The aim was notto obtain a fully representative sample of driving for work crashes, but rather
to analysea wide range of driving for work crashes, in order to gain a broad understanding of
the types of factorsinvolved in these crashes and their relationship to crash severity (i.e. level of
injury). In New Zealand there isn’t yet a well-established profile for driving for work crashes,
particularly forthe subset (notincluding larger trucks) that was the focus of this study.

Case definition

The focus was on light vehicles able to be driven on a Class 1 driver licence (cars/wagons, SUVs,
utes, vans, and light trucks), however, someservice vehicles, such as buses and rubbish trucks
were also included, as they have not typically been examined in existing studies looking at
trucks/heavy freight driving for work.

Commutingto or from a fixed location of work was notincluded in the definition of driving for
workin this study; however, travellingto and from non-fixed locations of work was included.
This distinction was made to try and exclude cases wherea person could choose their mode of
travel, as opposedto cases where drivingis a necessary part of a person’s work. Forexample,
an officeworkerdriving to their office was considered commuting and therefore excluded,
whereas a tradesperson drivingto a job was counted as driving for work. Furthermore, crashes
in which someone was engaged in work activities that involved driving for work, but not actively
driving their work vehicle at the time of the crash, were also included, e.g. they were involved in
a traffic crash while working after exiting their vehicle.
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Figure 3. Safe System analysis dataset selection method
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Notethat in 19 out of the 300 crashes, two drivers were identified as driving forwork as per the
study definition. However, to facilitate the analysis by crash, only one person driving for work
was counted as the ‘primary’ Driving for Work User (selected based on the driver for which the
most detailed information was available), while the other was counted as an Other Userin the
analysis. In addition, some people identified as driving for work, but notas per the study
definition (e.g. driving a freight truck weighing over 6000kg) wereincluded as Other Users.
Thus, not all Other Usersin the study can be assumed to be ‘bystanders’i.e. notinvolvedin
work activities at the time of the crash.

Case identification

A total of fourdifferent case identification stages were used to compile a database of 300 total
crashes (see Figure 3). While all the minorand serious injury cases were confirmed after the
first stage, sourcing additionalfatal injury cases required the additional three steps.

Following a method feasibility assessment, Waka Kotahi’s Crash Analysis System (CAS; the
national crash database) was used as the primary case identification tool as it is readily
accessible, includes trafficcrash reports (TCRs) for crashes involving a range of driving for work
types, and provides the large majority of information required for the Safe Systems analysis.
CAS data searches comprised three of the four case identification steps.

In addition to data sourced from CAS alone, a table of work-related fatalities fromJanuary 2011
— May 2021 produced by WorkSafe! was also utilised to find additional fatal crashes when CAS
filter and keyword search methods had been exhausted. The WorkSafe datawere assumed to
exclusively include accidents at the time of which at least one personinvolved was working
(thoughitis acknowledged that the WorkSafe definition of working may differ from that of the
current study, forexample, it is understood to include commuting). The data were therefore
filtered to include only vehicle crashes on public roads, following which key details, such as
victim age, victim industry, and accident month, were used to match the WorkSafe case to a
CAS TCR. Cases that involved a relevant Driver Occupation or had sufficientinformationinthe
Crash Description fields in the TCR to provide some context about the nature of driving forwork
were selected from most to least recent until the required number of cases were met.

The case identification process was completed in stages in order to prioritise more recent
driving for work crashes and to enable random samplingwhere possible. As minorand serious
injury crashes occur much more frequently than fatal crashes, we were able to identify 100
crashes of each severity using the first stage only (random sampling of CAS crashes from 2019-
2020 with work-related vehicle usage). However, fatal driving for work crashes were rarer, and
TCRs formore severe crashes, especially thoseresulting in fatality, were found to be less
detailed than TCRsfor less severe crashes. As such, multiple stages were required in order to
identify 100 cases (see Figure 3 for detail).

This resulted in a less random dataset for fatal crashes than for minorand seriousinjury
crashes, though given the smaller total pool of fatal crashes that occur, we expect thatthe
included crashes providea reasonablerange of driving for work crash types from which we can
draw conclusions about common crash factors and patterns.

3.2.2. SafeSystemanalysis procedure

The 300 crash cases identified through the case selection process were then coded into a Safe
System analysis coding framework. The coding framework used was a modified version of the
coding frameworks used in previous Safe System analyses, in particular the Serious Injury

1 ‘Detailed fatalities data’ spreadsheet available on the WorkSafe website:
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Crashes study by Mackie et al (Hirsch et al., 2018; Hirsch et al., 2017; Mackieet al., 2017;
Thorne et al., 2020). The most substantial modification entailed splitting the User pillar into two
sub-pillars, Drivingfor Work (DFW) Users, and Other Users, in order to differentiate between
crash factorsrelated to the primary driver for work from those of Other Users involved in the
crashes —i.e. to explore ‘exposure’ factors as well as thosedirectly relating to the person driving
forwork. A limited amount of data were also coded forother vehicles involved, however, these
were not used to ‘trigger’ the Vehicle pillar.

The coding framework is outlined in Figure 4 below. For each pillar of the Safe System (Roads
and Roadsides, Vehicles, Speeds, and Users), arange of relevant variables (crash factors) were
coded intothe framework. Thevalues of the variables in each pillar then determined whether
thatpillar was ‘triggered’ in each crash, i.e. implicated in either the occurrence or the severity of
the crash. For crash factors where judgement was required to determine whether that factor
wasimplicated, for example, evidence of fatigue or distraction, more detail about the criteria
used to make a decision are provided in the relevant results section.

In addition, some User pillar variables were used to determine whether ‘reckless’ or ‘extreme’
behaviourwas a key factorin the crash, as opposed to a relatively equitable contribution by
multiple system factors. Thisis based on the Wundersitz and Baldock (2011) methodology
adapted by Mackie et al for usein the Serious Injury Crashes study (2017), with somefurther
modifications. Notably, while the Serious Injury Crashes study referred only to ‘reckless’
behaviours, the present study included some ‘extreme’” behaviours that are not necessarily
reckless, forexample, police pursuits. Thereckless/extreme behaviours used in this study are
outlinedin Figure 4 over the page.

The data used to code each crash case into the framework were sourced from:
e Traffic Crash Reports (TCRs) reportedin CAS
e Safer JourneysRisk Assessmenttool (Mega Maps)
e Rightcar, Waka Kotahi’s vehicle safety and efficiency rating tool
e Howsafeisyourcar.com.au
e (Google Street View

e Monash University Accident Research Centre Vehicle Safety Ratings from 2017
(Newstead, Watson, Keall, & Cameron, 2017)?

e WorkSafefatality data, as available (fatal cases selected via WorkSafe fatality data
cross-referencingonly).

The coding processinvolved reviewing the data available for each crash case and entering
relevant details into a coding framework spreadsheet. Cases that were found not to contain
sufficient crash detail, or whereit became clear that they did notin fact meet the study
definition of driving forwork, were removed from the analysis and replaced with a new crash
case.

The spreadsheet was designed to eliminate coding error by including drop-down lists rather
thanallowing foropen-ended responses. In addition, the pillar trigger cells were automatically
populated once the datawere entered foreach variable.

2 An updated report was published in 2020; however, it uses a different rating system which is more
complex to interpret, therefore the 2017 ratings were used. This meant that vehicle models newer than
2015 were unable to be rated for aggressivity.
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Figure 4: Safe System driving for work crash analysis coding framework
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3.2.3. Inter-rater reliability

Prior to beginning the full analysis, two inter-rater exercises were completed to aid with coder
training and ensure consistent treatment of crash cases. In the first exercise, three crash cases
identified as involvingsomeonedriving for work as per the study criteria were coded
independently by three members of the research team, and in the second exercise, a further
five crash cases were coded.

Inter-rater reliability testing as described by Hirsch et al. in the national Pedestrian Deaths and
Serious Injuries study (2018) was completed for thefive cases analysed in the second exercise.
All coding discrepancies were entered into an online kappa calculator? to assess the level of
consensus in how cases were assigned to different categories. Kappa scores measure the rating
reliability between two or more raters for qualitative variables, corrected forthe likelihood that
raters may agree by chance. Scores can range from-1.0 (perfect disagreement) to 1.0 (perfect
agreement), with a score of 0.0 indicating the raters agreed at a level equal to chance. A score
of 0.70 or aboveis generally viewed as adequate. A free-marginal kappa score was used in this
study as there were no restrictions on how many cases could be assigned to each category
(Siegel & Castellan, 1988).

For each crash, a total of 134 qualitative variables with predefined categories were coded
(descriptions and numerical values were excluded). Of these, 100 variables had perfect
agreement, scoring 1.0. Forthe remaining 34 variables, scores ranged from-0.55t00.77.The
overall average for all variables was therefore 0.81.

Followingthe kappa assessment, all discrepancies in coding (including descriptions and
numerical values) were reviewed, discussed, and a consistent approach agreed. In addition,
unusual or difficult cases were discussed as they came up during the analysis. Finally, once
coding was complete forthe whole dataset, complex variables such as ‘evidence of
distraction/inattention’ and ‘extraordinary roads and roadsides factors’ were reviewed and the
coding adjusted as necessary.

3.2.4. Descriptive analysis

Once coding was complete, a descriptive analysis was carried out for each variable coded, using
total crashes at each severity as the denominator. This enabled comparison across crashes
regardless of the number of crash parties or road users involved or the number of people
injured in the crash.

In orderto understand how thedriving forwork crashes included in this study differ from other
injury crashes, the findings have been compared to those from previous studies, in particular
the Serious Injury Crashes study by Mackie et al. (2017). In addition, crash movement and time
of day analyses were carried out on CAS records of all injury crashes occurring between 2011
and 2020 (inclusive) and compared to the corresponding analyses forthe crashes in this study.

3.2.5. COVID-19impactanalysis

A brief analysis was also conducted to assess any potentialimpacts of COVID-19-related
restrictions and behaviours on driving for work crashes. This involved separating the data into
‘pre-COVID’ and ‘post-COVID' time periods — the latter including crashes from 21 March 2020
onwards. Relevant crash factors were then compared between the two time periods.

3 www.justusrandolph.net/kappa/
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3.2.6. Statistical cluster analysis

A statistical analysis was carried out to identify and define ‘clusters’ of crash factors (variables)
that tended to occur together.

Variables of interest

The following variables were considered most relevant in analysingand characterising the
profiles of driving for work car crashes, and thereforeincluded in the cluster analysis:

e Fordrivingfor work (DFW) Drivers:
crash severity, crash time, crash impact type, traffic control, land use, ratio of posted speed
limit against vehicle speed (in categories*), ratio of SAAS against vehicle speed (in
categories), DFW vehicle type, overall safety rating, age (in bands), injury level, occupation
classification, driver contribution, restraint worn, presence of alcohol or drugs, evidence of
fatigue, total hours driving, evidence of distraction of inattention.

e For OtherParties involved:
ratio of posted speed limit against vehicle speed (in categories), vehicle type, mode, injury
level, driver licence type, presence of alcohol or drugs, and evidence of distraction or
inattention. Notethat, apart from vehicle type, all other variables have been combined to
reflect both partiesinstead of each individual party’s situation.

Multiple correspondence analysis

Statistical analyses were performed using software R (version 4.0.3); statistical packages
‘FactoMineR’ and ‘factoextra’ were utilised.

Given that the abovementioned variables are categorical (nominal) and there is no intrinsic
ordering to the categories, multiple correspondence analysis (MCA) was conducted on the 300
crashes. MCA is a statistical approach to summariseand visualise data with two or more
categorical variables and can be used to identify groups of individuals with similar profilesin
their attributes available in the dataset. In MCA, categorical variables undergo a series of
transformationsand aredecomposed to eigenvalues, which can be thought of as axes used to
understand multidimensional data. In thetransformed data space, axes are selected such that
the first axis explains the most variance in the multidimensional data cloud. The second axis is
selected torepresent the next highest variation in the data andis orthogonalto the first axis.

Missing data were neither discarded nor imputed, instead, a missing category was created for
each of the variables with missing values. This was done because some of the variables are
missing by nature, forexample, for single car crashes, other party modewould by default be
missing. Imputation doesn't make sensefor cases like this. All variables included in the MCA
analysis were treated as nominal variables, and having a missing level would retain as much
information as possibleand not change the variable's type.

Cluster analysis

To identify groups with similar attributes, cluster analysis was performed on the MCA results
obtained. To achieve the best clustering outcomes, the Hierarchical Clusteringon Principle
Components (HCPC) approach was employed. This approach conducts a clustering algorithm
based on the MCA results and allows for consolidation between hierarchical clusteringand
partitioning clustering. Hierarchical clustering is based on Ward’s criterion to minimise within
cluster variance, whereas partitioning clustering minimises the total within sample variance.
More specifically, partitioning clustering uses k-means algorithm to split the data into groups.

4“In categories’ refers to the grouping of quantitative data into nominal categories
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Both hierarchical and partitioning clustering approaches yielded the same cluster identification
in our analysis.

3.3.1. Overview of crashesincluded in study

This section provides an overview of the crash cases that were included in the study. As outlined
in the method, the study included 300 crash cases (100 of each of minor, serious, and fatal
severity). These cases are not intended to provide a comprehensive picture of all driving for
workinjury crashes involving light or service vehicles, but rather to provideinsightinto some of
the common factors associated with these types of crashes across crash severities, and consider
how these are similar to and different from other types of injury crashes.

Given that fatal crashes were sampled differently from minorand serious crashes, that TCRs for
more severe crashes tended to be less detailed®, and that only crashes where it was possibleto
attain a reasonable level of certainty that a road user involved was driving for work at the time,

some care needs to be takenin interpreting the data. Taking these limitationsinto account, the
data can still provide useful insights into crash trends for driving for work crashes.

A noteon terminology:though in some crashes more than one person was identified as driving
forwork at the time of the crash, except where stated otherwise, ‘driving forwork’ and ‘DFW’
refer only tothe primary person identified in each crash as driving for work as perthe study
definition.

Unless otherwise stated, graph percentages are proportions of thetotal crashes at that severity,
i.e. X% of minor crashes, X% of serious crashes, or X% of fatalcrashes.

Figure 5 shows that all minor and serious crash cases occurred in either 2019 or 2020 (roughly
halfin each). In contrast, the fatal crash cases are distributed from 2011 to 2020, with the
majority (62%) taking place between 2017 and 2020. See Figure 3 for details of the selection
process.

5 As part of the case identification process, we noted that more severe crashes, especially fatal ones,
tended to have less detail in the TCR, for example driver/witness statements lacking, few comments on
possible causes, and frequent references to the Serious Crash Unit report (to which we did not have
access) for more detail. This has been observed in previous studies, such as Hirsch et al., 2018.
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Figure 5: Year in which crash occurred
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Most crashes included in the study (72%) involved two parties, thatis, one person driving for
work and at least one other driver, motorcyclist, cyclist, or pedestrian (Figure 6). Notethat
passengers are not counted as crash parties. A further 13% of crashes involved only one party
(theperson drivingforwork), and 14% involved a total of three parties (the person driving for
work plus two others). Crashes involving more than three parties were excluded dueto the
complexity of coding multiple parties, as well as the relative rarity of crashes involvingmore
than three parties.

There is somevariability across different crash severities, with fewer two-party crashes being
minorthan forfatal and serious crashes, and fewer fatal crashes involving three parties.

Figure 6: Number of crash parties involved
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Crash types varied significantly by crash severity (Figure 7). Minor crashes most frequently
involved side impact or rear end type crashes, while both serious and fatal crashes most
frequently involved head on and side impacts. Exactly half of fatal crashes (50%) were head on.
Rollover, hit object, and othercrash types together made up a total of 20% of all crashes. Note
that pedestrian and other vulnerable road user crashes were coded usingthe same crash types
as vehicle-on-vehicle crashes, e.g. a bus hitting a pedestrian front on was coded as a head on
crash type.
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Figure 7: Crash impact type
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Crash movements forcrashes in this study show a similar distribution to thoseforall injury
crashes that occurred between 2011 and 2020 (Figure 8). Key differencesincludea higher
number of pedestrian vs vehicle movements, especially at higher severities, and fewer lost
control head on crashes (both on straights and bends) in the study crashes, though loss of
control on bends remained the most common crash movement. There were also slightly more
rear end/obstruction movementsin thestudy.

Figure 8: Crash movement descriptions (Road Safety report movement group)— study crashes compared
to all injury crashes 2011-2020
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Figure 9 shows all people involved in the crashes included in the study by mode and activity at
the time of the crash, as well as the level of injury sustained. Of the 812 peopleinvolved who
were not injured, 567 were passengers, the large majority of whom (80%) were bus passengers.
Note, however, thatin some cases these bus passengers may have sustained injuries that were
notreported in the TCR. Across all injury levels, 70% of passengers involved in the crashes were
bus passengersin a total of 38 crashes (8%). In addition, notethat 21 of the passengers
travelling with someonedriving for work were identified as also working at the time of the crash
(i.e. they were not bystanders); however, they have been grouped together with all other
passengersin the analysis.

Interestingly most people involved who were driving for work were not injured (58% of primary
DFW drivers and 62% of other DFW drivers), i.e. in the majority of crashes, injuries were
sustained by other road users only. In comparison, only 17% of other driversand 2% of
vulnerable road users (VRUs; motorcyclists, cyclists, and pedestrians) involved in these crashes
were uninjured. While we cannot be certain how many Other Users were in fact also working at
the time of the crash, it is clear that the driving for work crashes in this study resulted in injury
primarily to people who did not appearto be working at the time, thatis, to bystanders.

Figure 9: People involved across all crashes by injury sustained
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DFW — primary is the main person identified in each crash case as driving for work according to the study
definition; Other DFW includes secondary people driving for work as per the study definition as well as
people driving for work that do not meet the study definition;, VRUs are vulnerable road users i.e.
motorcyclists, cyclists, and pedestrians; Bystanders are people who were not identified as working at the
time of the crash.

Figure 10 shows the samedata as Figure 9 but with non-injured people removed. This shows
that people driving forwork and passengers mostly received minorinjuries in the crashes
included in this study. In contrast, other people driving sustained similar numbers of minor,
serious, and fatalinjuries, while the large majority (80%) of all VRUs were seriously or fatally
injured. This amountsto 23 motorcyclists, 11 cyclists, and 47 pedestrians (oneon a scooter)
who sustained fatal or serious injuries.
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Figure 10: People injured across all crashes by injury sustained (i.e. excludes non-injured)
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DFW — primary is the main person identified in each crash case as driving for work according to the study
definition; Other DFW includes secondary people driving for work as per the study definition as well as
people driving for work that do not meet the study definition; VRUs are vulnerable road users i.e.
motorcyclists, cyclists, and pedestrians.

3.3.2. Geographicand temporal patterns

Crashesfrom all over Aotearoa New Zealand were included in the study. The most common
crash region was Auckland, where around a third of all crashes occurred (31%), followed by
Waikato, Canterbury, and Wellington (Figure 11). This generally reflects the large population
sizes in these areas. Interestingly, Wellington crashes made up much more minor (14%) than
serious (9%) orfatal (5%) crashes. Ruralareas, on the other hand, were more strongly
represented in higher severity crashes. In particular, Northland crashes made up only 2% and
3% of minor and serious crashes respectively, but 7% of fatal crashes.
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Figure 11: Proportion of crashes in each region of New Zealand by severity
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See crash numbers for each region in Table 5in APPENDIX A: SUPPLEMENTARY TABLES AND GRAPHS

Crashesincluded in this study peaked between 7am and 9am in the morning (20% of crashes)
andbetween 1pmand5pmin the afternoon (34%; top half of Figure 12). Crashes of all
severities occurred at fairly similar rates throughout the day, though a particularly high number
of fatal crashes occurred between 3 and 5pm.

The crashes included in the study show a similar distribution throughout the day compared to
all injury crashes occurring between 2011 and 2020 (shown in the bottom half of Figure 12).
Small differences include a higher number of crashes occurring in the morning peak (7-9am)in
the study data, and fewer in the evening (after 5pm). These differences are likely related to the
times of day during which driving for work usually takes place (i.e. during standard working
hours), as well as the sampling method, in which crash time of day (in relation to occupation)
was one of the factors used to assess whether someonewas most likely drivingforwork (see
Case Inclusion Criteria in Figure 3).

The distribution of driving for work crashes in the study is similar to the overall distribution of
road injuries and fatalities generally®. The main differences between the study crashes and all
road injuries occurring from 2011-2018 area lower number of driving forwork crashes in the
Bay of Plenty (6% of all road injuries compared to 2% of crashes in the study) and a larger
proportionin Waikato (12% and 16% respectively). For fatalities, Bay of Plenty is again less
represented in the study crashes (making up 8% of all road fatalities compared to 2% in the
study), while Auckland was substantially over-represented (16% and 29% respectively).

6 Ministry of Transport (n.d.) Te Marutau — Nga tatauranga G-tau: Safety — Annual statistics. Accessed
27 January 2022 at https://www.transport.govt.nz/statistics-and-insights/safety-annual-
statistics/regional-stats/
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Figure 12: Crash time of day —study crashes compared to allinjury crashes 2011-2020
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With regard to day of week, most crashesincluded in the study (84%) occurred on a weekday,
with slightly higher rates of serious and fatal crashes relative to minorcrashes on Tuesdays,
Wednesdays, and Thursdays. In contrast, the dataforall injury crashes from 2011-2020 showa
slightly higherrate of weekend crashes (72% occurred on a weekday) compared to the study
data, with serious and fatal crash rates also highest at weekend:s.

3.3.3. System pillar involvement at each crash severity

An important component of this Safe System analysis is to explore how failures in different parts
of the systeminfluence crash outcomes. By analysing the implication of each pillar and factor at
different crash severities, we can startto understand therole that different elements of the
Safe System play in determining not just whether a crash happens, but the severity of crashes
thatdo happen.

Figure 13 shows the frequency with which each Safe System pillar was ‘triggered’ or implicated
in each of the minor, serious, and fatal crashes in the study. All pillars were triggered in at least
50% of crashes, except forthe speed pillar in minorand serious crashes. The user pillar was
triggered most frequently, consistent with previous Safe System analyses and research
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indicating 90-95% of crashes result from human error (Dewar, Olsen, & Gerson, 2007; Mackie et
al.,, 2017).

All pillars show an association between the frequency of the pillar being triggered and crash
severity, i.e. all pillars were most frequently triggered in the fatal crashes included in this study,
followed by serious crashes, and were least frequently triggered in minor crashes. This is more
markedly the case for the Roads and Roadsides, Speed Environment, and Vehicle pillars than for
the User pillar, suggesting that, while these pillars are implicated less consistently, they may
have moreinfluence on crash outcomes.

Interestingly, while both the Roads and Roadsides and the Speed Environment pillar appear to
play more of a role in determiningwhethera crash results in serious injury versus fatality
(ratherthan minorversus serious injury), the Vehicle pillar shows a more marked increase in
frequency between minor and serious crashes. This suggests that vehicle factors may play a
significantrole in determining whether road users sustain light or severe injury, while road and
speed environment factors are more critical in preventing fatalities in a driving forwork context.

Figure 13: Proportion of crashes involving each Safe System pillar by crash severity
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Data from the earlier Serious Injury Crashes Safe System analysis (Mackieet al., 2017) have
been re-graphed below to facilitate comparison of the driving for work data presentedin the
current study with data for single car and car-car crashes (serious and fatal crashes only; Figure
14). Note, however, that thepillar triggers foreach pillar differ somewhat between studies (e.g.
distraction/inattention was a user pillar trigger in this study but was not assessed in the Serious
Injury Crashes study), as well as the crash typesincluded (e.g. vulnerableroad users included in
this study), socomparisons can provide only an indication of the differences and similarities
between the study findings.

The overall trends are similar between the two datasets, though the Speed Environment pillar
was triggered much less frequently in fatal and especially serious injury crashesin the current
study. Thisis likely dueto lower rates of speeding among people drivingfor work, as well as the
use of a slightly less sensitive Speed Environment trigger in the current study ( posted speed
limits exceeding the SAAS were not used as a trigger; see 3.3.5 Speed environment pillar).

The earlier study also showed a more marked difference in the frequency with which the Roads
and Roadsides pillar was implicated for serious compared to fatal crashes, and a less marked
difference between these crash severities forthe Speed Environment and Vehicle pillars. For
the vehicle pillar, this is likely related to the larger mass of work vehicles (fewer light and
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medium-sized cars, more vans, utes, and light trucks) on average relative to all vehicles,
indicating that vehicle factors play a greater role in determining crash outcomes in crashes that
involvesomeonedriving for work. Alternatively, these differences may simply be due to the
inclusion of a wider range of road users and vehicles in the present study, or differences in the
sampling method.

Figure 14: Data from Serious Injury Crashes study (Mackie et al., 2017)— Proportion of crashes involving

each Safe System pillar by crash severity
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The proportion of crashes in which one, two, three, or all four pillars were implicated is
depicted in Figure 15 below. As in previous Safe System analyses (Hirsch et al., 2018; Mackie et
al., 2017;Thorneet al., 2020), themoresevere the crash outcome, the more pillars tend to be
implicated, i.e. the more system components that fail. This aligns with systems theories such as
the Swiss Cheese Model, which asserts that adverse events occur when multiple elements of a
system fail (Reason, 1990). While this pattern is clearer between serious and fatal crashes than
between minor and serious, it is apparent at the lower and upper ends (i.e. when either one or
all four pillars are implicated) that the overall trend holds true when minor crashes are included
as well.

Comparedto the Serious Injury Crashes study (data notshown; Mackieet al., 2017), these
driving for work datafollow the same pattern of pillar implication at varying crash severity.
However, while in the earlier study fatal outcomes only became more likely than serious injuries
once fourpillars were activated, in the present study thisis already the case when only three
pillars are activated. As above, this may be related to the greater range of vehicle massesand
inclusion of vulnerable users in the present study, whereby large differences in mass between
crash parties can lead to severe outcomes even with fewer system components failing.
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Figure 15: Proportion of crashes triggering multiple Safe System pillars by crash severity
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It is interesting to note, however, that if the User pillar is separated into two pillars, one forthe
user driving for work, and anotherforany Other Users involved, itis only once four pillars are
implicated that fatal crashes become more common than serious ones (see Figure 44 in
APPENDIX A: SUPPLEMENTARY TABLES AND GRAPHS). In this alternative analysis, crashes
involving all five pillars are comparatively rare, but are also more likely to be fatalor serious
than minor.

3.3.4. Roadsandroadsides pillar

The roads and roadside pillar relates to the physical environment wherethe crashes occurred.

Land usearound the locations where crashes in this study occurred are shownin Figure 16
below. Overall, 29% of crashes occurred in urban areas, 44%in rural, and 17% in commercial
strip shopping orindustrialareas. Urban residential and commercial industrial areas tended to
have somewhat less severe crashes, while fatal crash outcomes were more common in rural
residential and remote areas. This is likely due in large part to the higher travel speeds of most
rural roads.

MACKIE RESEARCH | CONTEXTUAL FACTORS IN DRIVING FOR WORK CRASHES 25



Figure 16: Land use —proportion of crashes by severity
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Analysis of road type based on the One Network Road Classification (ONRC) system shows over
a third (36%) of crashes occurred on arterial roads, including 42% of serious and 32% of fatal
crashes. However, the roads with proportionally more serious injury and fatal crashes were
regional strategic (14% of serious and 23% of fatal crashes), national strategic (11% and 16%),
and access roads (4% and 9%), many of which have speed limits of 100 km/h. 98% of crashes
took place on sealed roads.

Over half of all crashes in this study occurred mid-block (58% minor, 54% serious, and 65% of
fatal crashes), with the remainder at intersections. Of the crashes taking place at intersections,
23 were at traffic signals, a further 23 at stop signs, and 42 at give way signs.

Figure 17 shows which crash factors could trigger the Roads and Roadsides pillar, and how
frequently each crash factor (pillar trigger) was implicated. The graph shows thatan undivided
road with a speed limit of over 80 km/h was implicated most frequently in fatal crashes,
pointingto a mismatch between speed limits and the physical environment, and the
consequences of having unprotected traffic in high speed environments. Overall, two thirds
(65%) of crashes occurred on undivided roads, and almost three quarters (74%) of fatal crashes.
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Figure 17: Roads and roadsides pillar triggers —proportion of crashes activating each trigger by crash
severity
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While implicated in fewer crashes than the undivided road/speed limit pillar trigger, sealed
shoulderwidth?’, a lack of street lighting at night, and the absence of a footpath orcrossing
facilities where pedestrians were involved were also strongly correlated with crash severity.

Of the total of 55 crash cases involving a pedestrian, 49% involved a pedestrian crossing where
there was no crossing facility. This is a higher proportion thanin previous pedestrian Safe
System studies, where lack of crossing facilities was implicated in closer to a third of crashes
(Hirsch et al., 2018; Thorneet al., 2020). One possible explanation for this finding is the high
number of bus crashesincluded in the present study (dueto the case identification method),
which often involve a pedestrian crossing the road, and often where crossing facilities don’t
exist nearby: 9 of the 27 cases in which lack of crossing facilities was implicated involved a bus.
With regard to land use, 11 of the 27 occurred in urban residential areas (in 4 cases of which a
child ran into the street), 8 in commercial shoppingstrip areas, and 6 in commercial big
box/industrial areas.

In addition, of 18 crashes (7%) involving a cyclist (note no cycling-specific triggers were
included), 10 occurred at intersections and 8 mid-block. In 14, the cyclist was riding along the
road, with a further 3 taking place on the footpath and oneon a dedicated cycle lane, in which
the Driving for Work Userturned across the cycle lane in front of the cyclist.

Lack of street lightingin urban areas was implicated in 25 crashes, 5 of which involved
pedestrians or cyclists. The remaining 20 all took place on rural roads, mostly with speed limits
of 100 km/h, and approximately half (9) were single vehicle crashes, with the other half (11)
involving at least one other vehicle. Thirteen involved the driving for work driver crossingthe
centreline.

The road Infrastructure Risk Rating (IRR) was implicated slightly more frequently thanin the
Serious Injury Crashes report (28% compared to 23% respectively; Mackie et al., 2017), possibly

7 Where relevant to the nature of the crash, i.e. a wider shoulder would have provided more recovery or
manoeuvring space (e.g. crashes where a vehicle crossed the edge line, or crossed the centreline into the
path of an oncoming vehicle)
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indicating that driving for work crashes tend to occur on more roads with poorer infrastructure
than other (car only) crashes. Notably however, closeto half (45%) of all crashes, and 53% of
fatal crashes occurred on roads with a medium IRR (which did not trigger the pillar). The other
pillar triggers used here varied slightly from the Serious Injury Crashes report, making
comparison difficult.

Other roads and roadsides factorsimplicated in this study included: obstructed vision dueto a
bend, dip, or crest in the road, parked cars or traffic, vegetation, ora wall (7% of all crashes);
wet, icy, or windy road conditions (5%); narrow sections of road or bridge (4%); and gravel
surface(1%).

3.3.5. Speedenvironment pillar

The speed environment pillar relates to the way roads are set up with regard to speed, including
posted speed limits, speed advisories, and Safe And Appropriate Speeds (SAAS) as defined in
MegaMaps, as well as the behaviour of road users within that environment.

Figure 18 below depicts the posted speed limits at each crash location. The default urbanand
rural speed limits of 50 km/h and 100 km/h respectively are common across crash severities
due to the high proportion of roads on which these speed limits are in place. However, crashes
on 100 km/h roads were much more likely to be fatal (making up 50% of all crashes on 100
km/h roads) than minor or serious, while 21% of crashes on 50 km/h roads in this study resulted
in a fatality. This patternis consistent with, though starkerthan the findings of the Serious Injury
Crashes study (Mackieet al., 2017), and reflects the widely accepted understanding thatthe
forces resulting from crashes at high speeds are less survivablethanthoseat lower speeds (ITF,
2016).

A curious findingin the present study is that there is little difference between the proportion of
minorand serious crashes occurring at these speeds, with slightly fewer serious injury crashes
occurring on 100 km/h roads than minor ones. This may be for a range of reasons: not all
vehicles were travelling at high speeds (in 8 minorand 5 serious crashes, all vehicles were
travelling at 50km/h orlower); crashes were of a lower impact type (11 minorinvolved rear end
impacts compared to 4 serious); there tended to be less size difference between Driving for
Work and Other Uservehicles in minor crashes (vehicle massimplicated in 3 minor compared to
9 serious crashes); and possibly also due to some subtlety around the distinction between
minorand serious crashes, which could result in overlap between the two severities.

Figure 18: Posted speed limit at crash location by crash severity
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Figure 19 below, which depicts travel speeds at the time of the crash, again demonstrates the
relationship between speed and fatal outcomes. Proportionally more serious and especially
fatal crashes occurred at speeds of 41 km/h and above, while the large majority of minor injury
crashes occurred at speeds of 50 km/h or lower.

However, someserious and fatal crashes still occur at low speeds, and this is particularly the
case for driving for work vehicles travelling at speeds of 20 km/h or less. A similar trend of some
high severity crashes at low speeds was observed in the earlier pedestrian Safe System analyses
(Hirsch et al., 2018; Thorneet al., 2020) and indeed, of the 55 serious and fatal crashes
occurring at driving for work vehicle speeds of 20 km/h or less (18% of all crashes), 24 involvea
pedestrian or cyclist, many of whom were children or older adults and therefore likely to be
more susceptibleto serious or fatalinjury. Overall, work vehicles have a larger massthan the
vehicle fleet overall, and this would exacerbate injury risk forvulnerable road users.

The speed of Other Users largely explains the severe outcomes in the 31 serious and fatal
crashes at 20 km/h or less that do notinvolvea pedestrian or cyclist. 11 of these involved
motorcyclists, who are similarly vulnerableto crash forces as pedestrians and cyclists, and all of
whom were likely to be travelling at least 50 km/h. A furthertwo crashes involved a driving for
work vehicle being hit by a train, and the remaining 18 involved at least one other vehicle
travelling at a speed of at least 40 km/h (wherean estimated speed is recorded in the TCR).
These crashes often involve the Driving for Work User making an unpredictable manoeuvre,
suchas turning into or out of a driveway or side street, pulling back outinto traffic, or
temporarily parking on the side of the road, oftenin locations where the speed limit is 70 km/h
or higher.

Figure 19: Vehicle travel speeds at time of crash for driving for work vehicle (top) and other vehicles
(bottom) — proportion of crashes by crash severity
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The crash factors which could trigger the speed environment pillar in this study are shownin
Figure 20 below, along with the proportion of minor, serious, and fatal crashes in which they
were triggered. All were implicated more frequently in crashes of higher severity than those of
lower severity, further reinforcing the importance of speed in determining crash outcomes.
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Figure 20: Speed environment pillar triggers — proportion of crashes activating each trigger by crash
severity
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The crash severity trends are similar to thosereported in the Serious Injury Crashes study
(Mackieet al.,2017), however, the crash factors were triggered to different extents. Note also
thatthe current study did notinclude ‘speed limit exceeds the SAAS’ as a trigger as this would
include crashes in which speed was not necessarily a contributing factor. The speed
environment pillar in this study was therefore less sensitiveto those features of the speed
environmentthat do notappear to haveinfluenced driver behaviour.

Travel speeds exceeding the SAAS was implicated slightly less frequently in the current study (at
least one vehicle exceeded the SAAS in 27% of crashes, compared to around a third in the
Serious Injury Crashes study), which may bedue in part to people driving for work being less
willing to take risks such as speeding compared to the general population, as well as that the
large majority of crashes in this study took place during the day and especially at peak traffic
times, when speedingis less likely dueto congestion. Takinginto accountthat notall crashes
included anotherdriver, wesee thata slightly greater proportion of non-driving for work drivers
(21% of otherdrivers, including motorcyclists) also exceeded the SAAS than drivers driving for
work (17%). Whilethisis still a lower rate thanin the Serious Injury Crashes study, it provides
some indication that peopledriving for work may speed less than the general population.

3.3.6. Vehiclepillar

The vehicle pillar takes into accountthe type, size, design, and condition of the vehicles involved
in each crash.

Figure 21 shows the types of vehicles involved in the crashes included in this study by
proportion of total driving forwork (top) and other (bottom) vehicles. Notethat for the Driving
for Work vehicles, the proportion of vehicles is equivalent to the proportion of crashes (one
Driving for Work vehicle per crash); however, forthe other vehicles involved, the number of
vehicles involved per crash varies. Furthermore, some ‘othervehicles’, particularly light and
medium/heavy trucks, are also likely to have been in use for work at the time of the crash,
however, they are not counted as Driving for Work in this study.
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The graph shows that a much greater proportion of othervehicles were cars (42%), compared
to Driving for Work vehicles (20% were cars). Driving for Work vehicles were more likely to be
utes (15% of all driving for work vehicles), vans (26%), light trucks (13%), and buses (18%)
compared to other vehicles. Three percent of Driving for Work vehicles were medium/heavy
trucks— 7 rubbish trucks and 2 road works trucks. Eight percent of Other User vehicles were
motorcycles, 6% bicycles, and a further 19% of Other Users were pedestrians (includes two
people on scooters) atthe time of the crash.

With regard to crash severity, cars were associated with a higher proportion of minorcrashes,
as were vans, to a lesser extent. SUVs, medium/heavy trucks, and buses are all implicated more
frequently in high severity than low severity crashes, mostlikely as a result of their large mass
and high/one-box® bonnet shapes (Huang, Siddiqui, & Abdel-Aty, 2011).

Surprisingly, utes are not especially implicated in higher severity crashes, norlight trucks,
possibly dueto the type of work forwhich they tend to be used. Utes have also increased
substantially in popularity over the last few years, which may partially explain their lower
representationin the fatal crashes, as these go back to 2011. Motorcycles are also implicated
more frequently in high severity crashes (as are pedestrians, labelled ‘None (i.e. pedestrian)’in
the graph below), in this case, dueto their greater vulnerability as a result of not being encased
in a vehicle. Somewhat counterintuitively, bicycles were more common in minor and serious
injury crashes, whichis likely due to the relatively small samplesize.

Figure 21: Vehicle type for driving for work vehicle (top) and other vehicles (bottom) — proportion of
vehicles by crash severity
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8 One-box is a car body configuration typical of vans, where there is no distinct bonnet separate from the
driver compartment, i.e. the front of the vehicle is relatively straight up and down.
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The vehicle usage classification recorded in TCRs since 2018 is shown forthedriving for work
vehicle in Figure 22 below. The ‘work vehicle’ category was most common, with scheduled
service buses, taxis, tradespeople, and ‘work travel’ each contributingaround 10% of cases.

Figure 22: Vehicle usagetype (from TCR) for driving for work vehicle —proportion of crashes by crash
severity
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The crash factortriggers forthe vehicle pillar are depicted in Figure 23 below. The most
frequently implicated trigger, as well as that with the strongest relationship to crash severity, is
difference in vehicle mass. This factor was implicated when there was a substantial differencein
size or mass between the driving for work vehicle and anothervehicle or road user (e.g. ute vs
small car or vulnerableroad user) that contributed either to the occurrence or the severity of
the crash. In 95% of cases where this trigger was implicated (111 outof 117), thedriving for
work vehicle was larger/greater mass than the other vehicle or road user, including 76 crashes
involving a vulnerable road user.

In addition, vehicle aggressivity based on Monash University Accident Research Centre models
(Newsteadetal., 2017) wasimplicated in only 23% of crashes, in large part due to the limited
availability of ratings for rarer vehicles, trucks, and buses, as well as vehicles less than five years
old (dueto the age of the report — see 3.2.2 Safe System analysis procedure). However, forthe
96 driving forwork vehicles for which aggressivity ratings were available, 90% had a rating
below the recommended level, with three quarters (76%) receiving the lowest rating of 60%
below benchmark (not shown; note Figure 23 only shows pooraggressivity ratings where
anotherroad user was involved). This relationship between vehicle mass/frontalshapeand
crash severity aligns with previous analyses showingvans, trucks, SUVs, and utes being

implicated more frequently in fatalthan serious crashes involving pedestrians (Hirsch et al.,
2018).
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Further correlations between pillar triggers and crash severity, while comparatively weak,
include vehicle safety ratings (see Figure 24), vehicle age (note the relationship is much stronger
when looking only at vehicles 16 years or older), and lack of air bags. Extraordinary vehicle
factorsinclude 13 crashes (4%) wherethe driving for work vehicle was towing a trailer or car. In
4 of these cases, the crash was cause by a trailer wobbling, shearing off, or disconnecting, and in
another, by a towed car crossingthe centreline on a corner. Heavily laden vehicles or trailers
were also considered a crash factorin a total of 4 crashes. There were also single cases involving
large blind spots, brakefailure, bull bars, a passenger in the cargo compartment, and a lack of
fuel.

Figure 23: Vehicle pillartriggers for driving for work vehicle —proportion of crashes activating each trigger
by crash severity
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Other interesting points to note include the relatively rare implication of lack of airbags and
anti-lock braking system (ABS) compared to the Serious Injury Crashes study, wherethese were
implicated in up to 80% and 25% of crashes respectively (Mackieet al., 2017). Note, however,
thatair bag information was unknown forover 40% and ABS for almost 60% of all driving for
work vehicles in this study, including 92 buses and trucks for air bags and 95 for ABS. Of the
cars, SUVs, utes, and vans for which no air bag (34 vehicles) or ABS (81) information was
recorded, around 80% were 10 years old or older.

Vehicle age was also implicated only around half as much in the present study compared to the
Serious Injury Crashes study. In contrast, low vehicle safety ratings are implicated at around the
same level in both studies (around 40% of crashes), suggesting that work vehicles involved in
crashes may be newer than other vehicles involved in crashes, but not necessarily safer. Finally,
rates of no WoF/CoF for driving forwork vehicles were the sameas other vehicles (not shown)
at 8% of all crashes, which is lower thanin the Serious Injury Crashes report, and forboth user
types, lack of WoF/CoF was implicated more frequently in serious crashes than either minoror
fatal ones.

A furtherbreakdown of driving for work vehicle safety ratingsis providedin Figure 24 below.
This graph demonstrates that more minor crashesinvolved 5-star vehicles than did serious and
fatal crashes), while 3-and 4- star ratings are somewhat mixed. As expected, 1- and 2- star
ratings show a positive correlation with crash severity, as do vehicles for which no safety rating
was available (39% of driving for work vehicles in this study, 81 of which were trucks and buses,
as wellas 5 vansand 1 SUV).
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Looking more closely at 1-, 2-, and 3-star rated vehicles, 58 out of 116 (50%) werevans and
further 22 (19%) were utes. Occupation-wise, technicians and trades workers (37 crashes) and
labourers (17) were over-represented in low star-rated vehicle crashes relative to their
proportion of total crashes in the study, while professional drivers were under-represented
(28).

Figure 24: Right Car vehicle star safety ratings for driving for work vehicles — proportion of crashes by
crash severity
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3.3.7. Roaduser pillar

The road user pillar pertains to characteristics, conditions, and behaviours of the individual road
users involved in the crash. In this section, the demographicand occupational characteristics of
the Driving for Work User are detailed, following which the pillar trigger factors foreach of the
Driving for Work Users and Other Users are outlined.

Below is a population pyramid showingthe age and gender of the Driving for Work Users
involvedin the crashes in this study (Figure 25). Driving for work users were predominantly
male (88%) with afairly even age spread between 21 and 70 years of age. Younger male drivers
(ages 21-40) made up a slightly larger number of overall crashes, but the proportion of crashes
resulting in fatality increased from age 51. Relative to their proportion of crashes overall, male
drivers made up a slightly greater proportion of fatal crashes (90%) while serious crashes were
more likely to involve female drivers (17% compared to 12% of overall crashes).

Comparedto the age and gender distribution of drivers in the Pedestrian Deaths and Serious
Injuries (Hirschet al., 2018) study (driver demographics were not explored in the Serious Injury
Crashes and Seat Belts analyses), the Driving for Work Usersinvolved in crashes in this report
were more likely to be male (88% compared to 63% of driversinvolved in a crash where a
pedestrian was fatally or seriously injured), and had a much more even age distribution (Hirsch
et al,, 2018). Themore extreme gender difference makes sense, given that men are much more
likely to have jobsthat involve a significantamount of driving (e.g. tradesperson, professional
driver; Callister & Didham, n.d.). With regard to the age distribution, possible explanations
include that people with occupationsinvolving large amounts of driving forwork tend to be
older, or that they tend to be more risk averse when driving for work than at other times,
thereby smoothing out the peak normally seen foryoung male drivers. This may supportthe
findings wherea lower proportion of driving for work crashes involve extreme behaviours
compared with all crashes.
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Figure 25: Age and gender distribution —number of Driving for Work Users by crash severity
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Note: two Driving for Work Users with age unknown and one with gender unknown are excluded (n=297).

Ethnicity of the driver forwork was also reviewed, with 52% of drivers where an ethnicity was
recorded in the TCR being of European/Pakeha ethnicity, 18% Maori, 17% Asian, 9% Pacific, 5%
other. Note thatalmosta third (30%) of TCRs did not have an ethnicity recorded for the Driving
forWork User. Compared to the overall Aotearoa New Zealand population makeup in 2018 of
70% European/Other, 17% Maori, 16% Asian, 8% Pacific, and 2% Middle Eastern /Latin
American/African (notethese percentages add to more than 100% as census participants can
record multiple ethnicities; Stats NZ, n.d.) thereis therefore someindication that other
ethnicities are over-represented in the data relative to European/Pakehadrivers. Theonly clear
trend by severity was a lower proportion of Asian ethnicity drivers represented in serious and
fatal crashes (8% and 7% respectively) compared to minorcrashes (20%).

Figure 26 below shows the ANZSCO (Australian and New Zealand Standard Classification of
Occupations) occupation group of Driving for Work Usersin the study. The classifications
included the following occupationsin this study:

— Managers: farmers, restaurant and sales managers, supervisors

— Professionals: analysts, buildinginspectors, chefs, government agency staff, engineers,
nutritionists, surveyors, veterinarians

— Technicians and trades workers: see Figure 27

— Community and personal service workers: ambulance officers, au pairs, baristas,
caregivers, council workers, nurse aides, police officers, security personnel, teacher
aides

— Clerical and administrative workers: administrators, library assistants, postal workers
— Sales workers: retailers, salespersons, shop assistants, storepersons
— Machinery operators and drivers: see Figure 27

— Labourers: bricklayers, cleaners, concrete workers, fencers, fisheries workers,
housekeepers, labourers, road workers, scaffolders, steel fixers, waterside workers.
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The most common occupation group was, unsurprisingly, Machine operators and drivers at 37%
of all crashes, followed by Technicians and trades workers at 20%. Both occupation groups
require substantialamounts of drivingand would therefore be expected to feature in a large
proportion of crashes. Labourers made up a further 9% and Community and personal service
workers 8% of all crashes. Both Machine operators and drivers and Technicians and trades
workers were also most strongly represented in fatal compared to lower severity crashes.
Clerical and administrative workers and Professionals also had relatively high representationin
fatal crashes compared to other crash severities; however overall numbers of drivers in these
occupations were low.

Figure 26: Driver occupation group (ANZSCQO) for Driving for Work Users —proportion of crashes by crash
severity
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Figure 27 shows a further breakdown of thetwo most common occupation groupsinto
individual occupations, as recorded in the TCR. Looking more closely at Technicians and trades
workers, builders, electricians, and painters all occurred frequently in the data (likely as there
are lots of them and they drive for work a lot) as well as showing up more oftenin the fatal
crash data. Potential reasons for the link with crash severity include frequent driving, possibly
on high speed roads, or fatiguerelated to longworking hours, hard physicalwork, and early
morning starts. Unusually, builders appearonly in fatal crashes (9 in total). Six of these occurred
on roads with a 100 km/h speed limit and one with an 80 km/h speed limit, and all Driving for
Work vehicles were utes (5), vans(3), orlight trucks (1), suggesting that vehicle mass/shapeand
speed played a role in crash severity.

For Machinery operators and drivers, bus drivers, general drivers, and taxi drivers featured
frequently in the data. The bus driver occupation was associated with more severe crashes,
again due tovehicle size/mass, especially wherevulnerable road users were involved. Taxi
drivers, on the other hand, tended to be involvedin less severe crashes which were generally in
lower speed areas (69% of taxidriver crashes occurred in areas with speed limits of 50 km/h or
lower), and often at intersections where vehicles tend not to be travelling at full speed.
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Figure 27: Breakdown of driver occupations for Technicians and trades workers (left) and Machinery
operators and drivers (right) — number of Driving for Work Users by crash severity
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In Figure 28 below, Driving for Work User occupation group is broken down by land use where
the crash occurred (across all crash severities combined). Ruralcrashes are shownto makeup a
large proportion of crashes across all occupation groups, while most crashes on commercial
strip shopping and controlled or no access roads involved machinery operators and drivers.

Figure 28: Land use of crash road by occupation group —number of Driving for Work Users
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Passengers were present in the (primary) Driving for Work vehicle in a total of 29% of crashes,
including 26% of minor, 26% of serious, and 34% of fatal crashes (notethat in a further 18% of
fatal crashes, passenger numbers were unknown). This includes a total of 14 crashes where

passengers were colleagues/also working at the time of the crash, 14 crashes involving taxi or
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Uber passengers, and 33 with bus passengers. Passengertypeat the time of the crash was
unable tobe determinedin a further 37 crashes, most of which were fatal (23 crashes).

Crashesin which there were bus passengersin the driving for work vehicle tended to be more
severe (regardless of whether passengers were injured or not) due to bus mass/sizeand the
nature of the crashes included. Information on thelevels of injury sustained by all passengersis
providedin 3.3.1 Overview of crashes included in study.

On average, vehicle occupancy for Driving for Work vehicles in the study was 2.8, with a slightly
lower rate of 2.6 across all vehicles. However, excluding crashes where the Driving for Work
vehicle was a bus,® the vehicle occupany rate for Driving for Work vehicles was only 1.3. This is
lower than the average occupancy forvehicle trips in Aotearoa New Zealand, which was 1.5in
2011-2014 (Ministry of Transport, 2015).

While focusing on user culpability in crashes is inconsistent with a system approach, examining
to what extent the actions of users driving forwork contributed to a crash can provideinsights
into overall driving for work crash patterns. Figure 29 below shows the crash role of users
driving for work at the time of the crash, as recorded in the TCR (i.e. as concluded by the
attending officer). Notethe data include single party as well as multi-party crashes.

Interestingly, whilethe Driving for Work User was deemed to play the primary role in ‘causing’
the crash in about half of crashes (48%),the data show a negative correlation with crash
severity. In contrast, whilecrashes in which the Driving for Work User was deemed to have
played no role in causing the crash were slightly fewer (44%), these crashes were more likely to
have resulted in severe injury. This could indicate that the mistakes people driving for work
make tend to be less critical, or occur in places where severe injury is less likely e.g. in urban
areas and at intersections where speeds tend to be lower.

Looking only at multi-party crashes, the Driving for Work user was ascribed the primary role in
42% of crashes, and no contributionin 49%. They were ascribed the primary role in fewer fatal
crashes (36% of all multi-party fatal crashes) than either serious (43%) or minor (45%) crashes.

Further, of the total of 97 crashes involvinga VRU, the Driving for Work User was deemed to
have played the primary role in half (48) of them. However, for crashes involving at least one
other driver and no VRUs, they were recorded as playing the primary role in around a third
(37%) of crashes.

Analysing crash role by vehicle type shows that people driving SUVs for work, though low in
numbers (14 crashesin total), were much morelikely to be deemed the primary contributorto
the crash (8% of primary contribution crashes vs 1% of no contribution crashes). People driving
vans (29%vs 24%), cars (22% vs 19%) and light trucks (15% vs 11%) were also slightly over-
represented in crashes wherethe Driving for Work User was considered the primary contributor
to the crash. In contrast, peopledriving buses for work were more often found notto have
contributed to the crash (10% of primary contribution crashes vs 27% of no contribution
crashes.

9 Bus crashes were excluded from the final vehicle occupancy calculation because bus passengers were
rarely injured in the crashes included in the study: only 8% of 462 bus passengers were injured in the 55
crashes in which the Driving for Work vehicle was a bus.
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Figure 29: Role in crash for Driving for Work User (from TCR) — proportion of crashes by crash severity
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Figure 30 below shows the proportion of crashes in which the Driving for Work User sustained
minor, serious, fatal, and noinjuries. From this graph we can see that Driving for Work Users
were fatally injured in a quarter (25%) of fatal crashes, seriously injured in a fifth (20%) of
serious crashes, and minor injured in fewer than half of minorcrashes (43%). Thus at all crash
severities, but especially in more severe crashes, the person(s) most severely injured was not
the primary Driving for Work User, rather it was an Other User involved in the crash.

Further, if we remove the 40 single party crashes fromthe analysis to look only at crashes
involving at least one other road user (notshown), the primary Driving for Work User was fatally
injured in only 14% of fatal crashes, seriously injured in only 13% of serious crashes, and minor
injured in only 35% of minor crashes. This further reinforces the findings from 3.3.1 that the
victims of driving for work crashes tend not to be the people themselves driving for work, but
rather other road users.

Figure 30: Level of injury sustained by Driving for Work Users — proportion of crashes by crash severity
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The various conditions and behaviours user that could trigger the user pillar in this study are
detailed in Figure 31 (Driving for Work User) and Figure 32 (Other Users) below. Notethat
multiple factors could be implicated in a single crash, i.e. the pillar triggers are not mutually
exclusive.

The pillar triggers include several crash factors that are not usually directly described in the TCR
andtherefore require somejudgement to determine whether they are implicated in the crash:
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— Medical event — implicated when the crash description or driver comments indicated
the crash was wholly or in part due to a medical condition or event (e.g. evidence of
heart attack or fainting, mentions suffering from painin leadup to crash)

— Inattention/distraction evident —implicated when either the nature of the crash
indicated the user could nothave been payingfull attention to their environment (e.g.
drifted across centreline without reason, hita pedestrian despite no visibility
obstructions) orwhenthe driver comment or crash description suggests they were
distracted (e.g. playing with radio, focusing on trafficin other direction, steppedinto
path of oncoming traffic) orinattentive (e.g. fell asleep, perceived anotherroad user to
have appeared out of nowhere). Notethat medical events, fatigue, and poor emotional
state were also coded as inattention/distraction whereit was apparent that these
mental states had contributed to a lack of full concentration.

— Fatigue evident— implicated when the nature of the crash, crash description, driver
comments, totalhours driving, or number of hours of sleep in the 24 hours prior
indicated the user fell asleep or was feeling tired at the time of the crash (e.g. drifted
over centreline or fogline and failed to correct immediately, has no recollection of
leadup to crash, mentioned feeling sleepy)

— Pooremotionalstate — implicated when the crash description or driver comments
indicated the user was likely upset, angry, or overexcited (e.g. evidence of altercation,
mentions recent breakup).

Notethat the abovefactors, particularly evidence of fatigue, are heavily dependent on the
attending officer’s assumptions, thedriver’s statement, and any witness statements. As such, in
cases where there is no driver or witness statement, asis particularly commonin TCRs for more
severe crashes due to crash party incapacitation or shock, evidence of fatigue and other mental
statesis less likely to be identifiable than for minorcrashes. In addition, drivers may be unwilling
to report factors such as fatigueto police. The presence of these mental states is therefore
likely underestimated in the data.

Further, “Too fast for conditions’isa TCR field completed by the attending officer, rather thana
judgement made by the coder. It was noted during the coding process thatin some cases a road
user was recorded as not travelling too fast forthe conditions, despite speeds well in excess of
speed advisories or other road conditions, and therefore also likely underestimates therole of
speed in these crashes.

Finally, while it is usefulto make some comparisons between the crash factors triggered by the
Driving for Work User and thosetriggered by Other Users, it should be keptin mind that 40
crashes (13%) weresingle party crashes involving a Driving for Work User (sometimes with
passengers) and no Other Users. Therefore, all things being equal, we would expect to see
slightly higherrates of the user pillar being triggered for Driving for Work Users compared to
Other Users.

The user pillar trigger graph for Driving for Work Users shows that inattention/distraction was
the most commonly triggered user crash factor, triggered in just over a third of crashes (36%),
but was morestrongly associated with lower severity crashes. A summary of the types of
distraction and inattention identified is shownin Table 1 below. Notethat use of technology
such as maps and mobile phones was coded; however, numbers were low (identified in only 7
crashes), it was difficult to ascertain whether or not the technology use was related to the crash
e.g. if they reported looking at something priorto checking trafficand pulling intoroad, and TCR
reporting is likely to be unreliable. As such, instances where technology or other items did
appear to have distracted the driver are counted under distraction in the table. Similarly, stress
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related to work and other circumstances were very rarely reportedin the crash TCRs and so
were not included in the analysis.

Table 1: Types of distraction/inattention for Driving for Work User — number of users by crash severity

Distracted 5 1 3 9
Driving too close to centreline 2 0 0 2
Failed to see another vehicle approaching (e.g. at

intersection, before pulling into lane, U-turn) 8 6 ! 43
Failed to see a stationary vehicle 1 1 0 2
Failed to see vehicle in front slowing/stopping 4 1 0 5
Failed to see motorcyclist/moped 1 2 2 5
Failed to see cyclist 5 6 1 12
Failed to see pedestrian/scooter 1 7 3 11
Failed to see approachingtrain 0 0 2 2
Forgot handbrake 0 1 1 2
(Likely) fell asleep 2 4 7 13
Following too closely 4 0 0 4
Impaired 0 0 2 2
Inattentive - crossed centreline 1 1 6 8
Inattentive (other) 3 3 1 7
Looking for gap in traffic 1 0 1 2
Misread traffic signal 1 2 1 4
Not enough checking when reversing/starting

forward 3 2 2 7
Total 42 37 33 112

Non-useof seat belt was observed more frequently than expected, occurring in 14% of all
crashes, which is similar to the rate of driversin the Serious Injury Crashes study (Mackieet al.,
2017). Non-use was strongly correlated with more severe crash outcomes; however, a closer
look at the data shows that 15 of the 42 crashes involved bus drivers not wearing seat belts, and
only three of these resulted in injury to the driver themselves (2 fatal, 1 minor). Thecrash
outcomes in these crashes were therefore related more to vehicle mass than restraint use.
Lookingonly at the 18 cases wherethe user driving forwork was injured, seven cases involved
professional drivers (3 bus, 2 taxi, 2 truck) five involved technicians or tradespersons (including
2 electricians), and 4 involved labourers.

Fatigue wasimplicated in 6% of crashes for Driving for Work Users and was associated with
higher severity crashes. Ina total of 13 crashes (4%), it was either clear or likely that the driver
had fallen asleep (Table 1). As noted previously, these numbers are likely to be an
underestimate, given the reliance on (often lacking) driver testimony and officer crash
summaries. Total hours driving and total hours of sleep in previous 24 hours were also analysed
in the framework; however, thisinformation was recorded as unknown in overtwo thirds of
crashes, especially more severe ones (52% minor, 64% serious, 90% fatal). Compared to the
Serious Injury Crashes report, rates of falling asleep amongusers driving forwork in the present
study were around half those of driversin the earlier study (Mackieet al., 2017).

MACKIE RESEARCH | CONTEXTUALFACTORS IN DRIVING FOR WORK CRASHES 41



While red light running was relatively rare, it was correlated with high crash severity. A total of
six crashes involved the driver for work failing to see or comply with a red traffic signal — three
involved a busdriver and two (including one bus driver) occurred at train signals.

Intoxication, speeding, and licence issues were implicated in relatively few crashes compared to
the Serious Injury Crashes (Mackieet al., 2017) and national Pedestrian Deaths and Serious
Injuries studies (Hirsch et al., 2018). Only two crashes wereidentified in which the Driving for
Work User was clearly intoxicated, though alcohol or drugs were present or suspected in a total
of 11% of cases (9% minor, 13% serious, 10% fatal).

Exceeding the speed limit by 10 or morekm/h wasrecorded in 3% of crashes overall, and ‘too
fastfor conditions’ in 8%. Interestingly, 4 of the 8 drivers travelling at 10+ km/h overthe speed
limit were police officersinvolved in pursuits or responding to emergency calls, meanwhile, of
the 23 driving too fast for the conditions, 7 were labourers, 6 were tradespersons, and 6 were
professional drivers of different sorts. These crashes happened on roads with a range of speed
limits, both rural and urban. Relative to their overall representation in crashes in this study, this
suggests thatdrivers in labour and trade occupations may be more likely to take risks while
driving for work.

Finally, Driving for Work User licence issues (learner, disqualified, overseas, or no licence) were
implicated in 4% of crashes overall, with an additional 4% of crashes where the Driving for Work
User held a restricted licence (no correlation with crash severity).

Figure 31: User pillar triggers for Driving for Work User — proportion of crashes activating each trigger by
crash severity
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Inattention/distraction was implicated to a very similar extent for Other Users (36% of total
crashes) as for Driving for Work Users. Table 2 below summarises the various types of
distraction and inattention identified for Other Users.

Table 2: Types of distraction/inattention for Other Users — number of users by crash severity

Crossed heedless of traffic (pedestrian) 4 7 7 18
Distracted 5 2 2 9
Driving too close to centreline 2 0 0 2
Failed to see another vehicle approaching (e.g. at

intersection, before pulling into lane, U-turn) 9 / 8 s
Failed to see a stationary vehicle 1 3 1 5
Failed to see vehicle in front slowing/stopping 3 4 0 7
Failed to see motorcyclist approaching 1 1 0 2
(Likely) fell asleep 0 2 2 4
Filtering through traffic (pedestrian) 0 2 2 4
Following too closely 1 1 0 2
Impaired 2 2 4 8
Inattentive - crossed centreline 0 2 9 11
Inattentive (other) 1 2 2 5
Misread traffic signal 3 1 0 4
Standing in road 0 1 0 1
Unsupervised child entered road 0 2 3 5
Wrong pedal 1 1 0 2
Total 33 40 40 113

Note more than one user may be counted per crash.

Most user pillar triggers were triggered more often for Other Users than for Driving for Work
Users (note seat belt useand hours driving were not measured for Other Users) . Thisis despite
Other Users being involved in only 87% of crashes overall. Notable exceptions were fatigue,
which was implicated morefrequently for Drivingfor Work Users, and red light running,
implicated at a similar rate forboth user groups.

More frequently implicated Other User triggers include intoxication (4% of crashes), very young
orold age (12%), licence issues (13%), too fast for conditions (12%), poor emotional state (3 %),
and unsafeovertaking (4%). However, in the case of intoxication, licence issues, and too fast for
conditions, therates for Other Users in this study are still much lowerthan in the Serious Injury
Crashesstudy. Thisis again likely related to the time of day and nature of (identifiable) driving
forwork crashes, meaningthat even people who are notdriving forwork are less likely to
engage in risky behaviours than they might be at other times (e.g. evenings and weekends) or
locations.
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Figure 32: User pillar triggers for Other Users — proportion of crashes activating each trigger by crash
severity
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Figure 33 below shows a population pyramid for Other Users. As with Driving for Work Users,
men were involved in many more of the study crashes than women (64%), though to a lesser
extent. The age distribution of Other Users is also more reflective of crash casualties across
crashes generally, peakingamongyoungadult men?°,

10 Ministry of Transport (n.d.) Te Marutau — Nga tatauranga a-tau: Safety — Annual statistics. Accessed

27 January 2022 at https://www.transport.govt.nz/statistics-and-insights/safety-annual-
statistics/regional-stats/
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Figure 33: Age and gender distribution —number of Other Users by crash severity
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Finally, the involvement of ‘reckless” or ‘extreme’ behaviours, as opposed to system failures,
was also examined forboth driving forwork and Other Users in this study. The conceptis based
on an Australian study by Wundersitz et al. (Wundersitz & Baldock, 2011; Wundersitz, Baldock,
& Raftery. 2014), though the crash factors used to trigger reckless/extreme behaviourin this
study, outlined in Figure 4 in the Method section, are adapted from those used in the Serious
Injury Crashes study (Mackieet al., 2017).

Figure 34 below shows the proportion of crashes in which the user pillar was triggered
alongside the proportion in which reckless/extreme behaviour was identified, for driving for
work comparedto Other Users. Note Other User does notinclude seat belt non-useas a
contributing factor to reckless/extreme behaviour (becausethis was not coded for efficiency
reasons) andis therefore slightly more conservative than the criteria forthe Driving for Work
User. Other users were also present in only 87% of crashes overall. Nonetheless, Figure 34
graph shows that reckless or extreme behaviour was more frequently identified among Other
Users (15% of all crashes) than thosedriving forwork (6%). Reckless/extreme behaviour was
also more likely to be triggered in serious and fatal crashes, particularly for Other Users,
compared to minor crashes.

Also of notein Figure 34 is the user pillar trigger comparison. The user pillar was triggered in a
similar number of crashes for Driving for Work Users (57% of all crashes) compared to Other
Users (55%), indicating overall similar rates of characteristics, behaviours, and conditions that
contributingto the occurrence of crashes (and supported by the crash role comparison in Figure
29). Both user pillars also show a clear relationship between crash severity and the frequency
with which the pillar was triggered; however, this relationship was more pronounced for Other
Users, suggesting their behaviour may play a slightly stronger role in determining crash severity.
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Figure 34: Frequency of user pillar triggers and of reckless/extreme behaviour for Driving for Work Users
and Other Users — proportion of crashes by crash severity
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Figure 35 and Figure 36 show the proportion of crashes in which reckless or extreme behaviour
was identified in the driving for work crashes explored in this study compared to the serious and
fatal crashes examined in the Serious Injury Crashes study (Mackieet al., 2017). The
reckless/extreme behaviour criteria used in this study for Driving for Work Users are slightly
broader (less conservative) than the reckless behaviour criteria applied in the Serious Injury
Crashes analysis, with the exception of non-seat belt use not being considered for Other Users
in this study. Theearlier study did notinclude unsafe overtaking, hit and runs, or pursuits, and
counted disqualified/no licence as only a contributing factortoward reckless behaviour (rather
than an immediate trigger, as in the present study). Overall, this means it was ‘easier’ for users
driving for work to qualify as behaving recklessly or extremely in the present study.

Despite this, the graphs show that reckless or extreme behaviours were less frequently involved
in driving forwork crashes compared to overall serious and fatal crashes in Aotearoa New
Zealand. This is particularly the case forfatal crashes, in which almost half of the crashes in the
earlier study involved reckless behaviour, compared to only a fifth of fatal driving for work
crashes. As discussed previously, this likely reflects the inclusion of vulnerableroad usersin the
driving for work study, whom are more likely to be injured even at low speeds, and the larger
size and mass, on average, of driving for work vehicles, as well as the conditions under which
driving for work is more common generally (e.g. during the day, at peak traffictimes).

Figure 35: System failures and reckless/extreme behaviours in minor, serious, and fatal driving for work
crashes — driving for work and Other Users combined
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Figure 36: Data from Serious Injury Crashes study (Mackie et al., 2017)— System failures and reckless
behavioursin fatal and serious crashes in NZ
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A brief analysis was conducted of crashes which occurred before COVID-19 lockdown
restrictions were implemented (on March 21st 2020) compared to those which occurred after
this date. While restrictions were not continuous from March 21st, they were in place for
several months initially, with Auckland experiencing a second lockdown later in the year, and
COVID-19impacts can extend beyond immediate restrictions. Hence, data were splitinto a
simple pre and postanalysis to assess whether COVID-19 and associated restrictions impacted
on driving forwork crashes.

Notethat a larger proportion of crashes in the dataset took place pre-COVID (two thirds of
minorand serious crashes, 91% of fatal), with particularly few fatal crashes (9) included in the
post-COVID dataset. Thisis primarily dueto the longer duration of the pre-COVID sample

period, particularly for fatal crashes; the overall numbers of each crash severity includedin the

study were similar for2019 and 2020 (see Figure 5).

Figure 37 below shows aremarkably similar time of day pattern for crashes occuring pre
compared to duringand post-COVID restrictions. Overall, 80% of crashes occurred between
6amand 6pm pre-COVID, compared to 81% forcrashes in the later time period. Day of week
data is also fairly similar (notshown), with 15% of crashes occurring on the weekend and 19%
during/post.
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Figure 37: Crash time of day —pre (top) vs during and post (bottom) COVID restrictions
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Figure 38 below provides an overview of the pillars triggered in crashes pre compared to during
and post-COVIDrestrictions. Takinginto account thatincreased variability is likely dueto
smaller sample sizes, the pillars were triggered in a similar proportion of crashesin both time
periods.
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Figure 38: Proportion of crashes involving each Safe System pillar by crash severity — pre vs during and
post-COVID restrictions
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Figure 39 below shows that, compared to pre-COVID, fewer crashes involved Machinery
operatorsanddrivers (i.e. professionaldrivers), morecrashes involved Labourers, and around
the same proportion involved Technicians and trades workers duringand post-COVID
restrictions. Crashes involving Machinery operators and drivers primarily included bus and taxi
drivers duringand post-COVID restrictions (7 and 6 of 19 total Machinery operators and drivers
crashes), while truck and otherdrivers were implicated less frequently than pre-COVID. This
may reflect the designation of taxi and bus drivers as essential workers during lockdowns, which
possibly meantthey madeup a greater proportion of total driving for work traffic, and
therefore driving for work crashes, than pre-COVID.

Figure 39: Driver occupation group (ANZSCO) for Driving for Work Users —proportion of crashes by crash

severity pre vs during and post-COVID restrictions
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Comparedto pre-COVID restrictions, more crashes occurred during and post-COVID restrictions
in strip shoppingareas and, for fatal crashes, in rural residential areas, while urban residential
areas saw fewer fatal crashes (Figure 40). Note, however, thelow numbers (n=9) for fatal
crashes in the later time period. Of the six fatalrural residential crashes during/post-COVID, five
were on roads with a 100 km/h speed limit (the other was 80 km/h), two were single-party
crashes and four were vehicle-vehicle crashes, including one motorcycle. Fourinvolved a user
drifting over the centreline (three Driving for Work Users, one Other User).

Figure 40: Land use — proportion of crashes by severity pre (top) vs during and post (bottom) )COVID
restrictions
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Finally, for Driving for Work Users, exceeding the posted speed limit by 10+ km/h occurred in a
similar number of crashes pre and during/post-COVID restrictions (3%), but aslightly greater
number of crashes involved drivers travelling ‘too fast for conditions’ in the later time period
(7% pre vs 11% during/post). The occupations of the drivers travelling too fast for conditions in
the eight crashes during/post-COVID restrictions werefour Labourers (various kinds), two
Technicians and trade workers, and two Machinery operators and drivers. Half of these crashes
occurred on 100 km/h roads with significantly lower speed advisories (all single-party crashes —
possibly fatigue-related), and the other half occurred on 30-50 km/h roads (onesingle-party
crash, twothree-party crashes, and one pedestrian crash).
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Overall, the datado not point to significant differencesin the types of crashes that occurred
duringand post-COVID restrictions compared to pre-COVID. The main differences overall were
fewer professional drivers beinginvolved in crashes relative to other occupations, slightly more
crashes occurring in strip shoppingand rural residential areas, and an slight exacerbation of
trends of drivingtoo fast forthe conditionsamong Labourer occupation types. These findings
would seem to be consistent with the changes in daily patterns that COVID lockdowns and
subsequent periods have caused.

The Hierarchical Clusteringon Principle Components analysis approach (see 3.2.6 Statistical
cluster analysis) yielded three data clusters, each containing 188, 72, and 40 crash cases
respectively. These are shownin Figure 41.

Notethat Dim1 (dimension 1, displayed on the x axis in Figure 41) was found to explain the
most variance in the transformed data space (6.5% of the variance). Dim2 (dimension 2, shown
on they axis below) explains the second greatest amount of variance in the transformed data
space, at 4.6%. Together, thetwo axes explain 11.1% of thevariancesin the data. A scree plot
of each dimension’s contribution to the explained variances is shown on the first pagein
APPENDIX C: CLUSTER ANALYSIS.

Figure 41: Cluster results achieved using the Hierarchical Clustering on Principal Components algorithm —
Consolidated with K means
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The crash factors which most strongly defined the clustersinclude Number of crash
parties/vehicles involved, Other User vehicle type and mode/activity, Other Userinjury level,
Other Useralcohol or drug use, Other user distraction inattention and Crash impact type. The
composition and main characteristics of each cluster are described in Table 3 below.
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Table 3: Descriptions of crash cluster profiles (%s are of total crashes inthat cluster)

Number of crash

parties

Crash severity

DRIVING FOR WORK USER

Vehicle type

Occupation
group

Speed relative
to SAAS

Restraint worn

Cluster 1
(188 crashes)

2-3 crash parties
80% two parties, 20% three

Around one third of each severity
38% minor, 31% serious, 32% fatal

Half vans, SUVs, or utes
26% van, 23% SUV/ute, 23% car, 15% bus,
11% light truck, 2% road works/rubbish
truck

One third professional drivers

34% machinery operators and drivers,
22% technicians and trades workers, 14%
labourers
Nearly one fifth exceeding SAAS
28% driving 0-0.5x SAAS, 36% 0.5-1x SAAS,
18% exceeding SAAS, 19% unknown
Mostly wearing seat belt
82% yes, 9% no, 9% uncertain

Cluster 2
(72 crashes)

2-3 crash parties
96% two parties, 4% three

Mostly serious and fatal
18% minor, 46% serious, 36% fatal

One third buses and a quarter vans
32% bus, 24% van, 20% car, 11% SUV/ute,
10% light truck, 4% road works/rubbish
truck

Half professional drivers

50% machinery operators and drivers,
18% technicians and trades workers, 22%
unknown

One third driving less than half the SAAS
36% driving 0-0.5x SAAS, 28% 0.5-1x SAAS,
11% exceeding SAAS, 25% unknown

One fifth not wearing seat belt
50% yes, 21% no, 29% uncertain

Cluster 3
(40 crashes)

Z

't

1 crash party
100% one party (DFW vehicle only)

Mostly minor and fatal
40% minor, 23% serious, 38% fatal

One third vans and a quarter light trucks
33%van, 25% light truck, 18% SUV/ute,
10% bus, 10% car, 5% road works/rubbish
truck

One third labourers

30% labourers, 27% machinery operators
and drivers, 18% technicians and trades
workers

Nearly a quarter exceeding the SAAS
10% driving 0-0.5x SAAS, 38% 0.5-1x SAAS,
23% exceeding SAAS, 30% unknown

One quarter not wearing seat belt
63% yes, 25% no, 13% uncertain
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Evidence of
fatigue

Injury level

Mode and
vehicle type

Alcohol and
drug use

OTHER USER(S)

Distraction and
inattention

Injury level'?

Land use

Fatigue evident in one in 20 crashes
5% yes, 91% no, 6% unsure

Mostly uninjured or minor injured
54% uninjured, 29% sustained minor
injuries, 11% serious, 6% fatal

Mostly driving, mostly cars

88% driving (at least one user), 11%
motorcycling, 1% cycling

126 cars, 32 SUVs/utes, 24 motorcycles,
18 road works/rubbish trucks, 15 vans, 4
light trucks, 2 buses, 2 bicycles

Alcohol or drugs present in 20%
7% alcohol or drugs detected, 13%
suspected, 66% none, 13% unknown
Over a third distracted or inattentive; half
not
Distraction or inattention identified in 39%
of crashes, 10% unsure, 51% none
Over a third seriously or fatally injured

30% of crashes resulted in no injuries to
Other Users, 27% in minor injuries, 23%
serious, 20% fatal

Half in rural areas

51% occurred in rural roads, 29% urban,
11% commercial (9% big box/industrial),
10% other

1 Maximum injury level sustained by an Other User (excludes passengers)

Fatigue rarely evident
3% yes, 92% no, 6% unsure

Almost entirely uninjured
99% uninjured, 1% sustained minor
injuries

All VRUs, almost all walking or cycling

75% walking/running, 24% cycling, 1%
motorcycling

54 pedestrians, 17 bicycles, 1 motorycle

Alcohol or drugs recorded in 7%
6% alcohol or drugs detected, 1%
suspected, 21% none, 72% unknown
Almost half distracted or inattentive, one
third not
Distraction or inattention identified in 47%
of crashes, 17% unsure, 36% none
Mostly seriously or fatallyinjured

3% resulted in no injuries to Other Users,
19% in minor injuries, 42% serious, 36%
fatal

Mostly in urban and commercial areas

40% occurred in urban areas, 39%
commercial (22% strip shopping), 8%
rural, 13% other

Fatigue in almost one in five crashes
18% yes, 78% no, 5% unsure

Over half seriously or fatallyinjured

8% uninjured, 40% sustained minor
injuries, 20% serious, 33% fatal

N/A

N/A

N/A

N/A

Mostly in rural areas

78% rural, 10% urban, 8% commercial (5%
strip shopping), 5% other
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Crash impact type Half side impact, a quarter head on Almost twothirds head on Mostly hit object or rolled over

48% side impact, 27% head on, 21% rear 61% head on, 15% side impact, 6% rear 43% hit object, 40% rollover, 5% side
end, 1% hit object, 3% other end, 1% hit object, 17% other impact, 13% other

Note user numbers exclude passengers; VRU =vulnerable road user (motorcyclist, cyclist, pedestrian), SAAS = Safe And Appropriate Speed; percentages may not add up to
exactly 100% due to rounding.

Cluster 1 summary

Overall, cluster 1, the multiple vehicle crash profile, is defined by a large proportion of vans, utes, and SUVsand a low
injury rate for Driving for Work Users. Alcohol or drug use onthe part of Other Users likely contributes to a fifth of this
typeof crash. These crashes occur across all land use typesincluding half in rural areas, and half of them involved a side
impact to the driving forwork vehicle.

Cluster 2 summary

Cluster 2 was made up of VRU crashes and defined by driving for work vehicles with high, one-boxbonnets (especially
vans and buses) impacting pedestrians and cyclists head onin urban or commercial shoppingareas. Professional drivers
such as bus and taxi drivers were the most common driver occupation, and Driving for Work Users were almost entirely
uninjured. Other Users, on the other hand, were usually seriously or fatally injured, with distraction or inattention
implicated frequently on the part of the Other User.

Cluster 3 summary

Cluster 3, entirely single vehicle crashes, was the smallest cluster, comprisingonly 13% of crashes, and tended to involve
vans and light trucks hitting an object or rolling. The large majority occurred in rural areas. The Driving for Work Users in
this cluster were more likely to be labourers, and to be fatigued, to not wear a seatbelt, and to exceed the Safe And
Appropriate Speed for the road compared to Driving for Work Users in the other two clusters. This type of crash resulted
in the mostinjury to Driving for Work Users, with over half seriously or fatally injured.
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The aim of Phase 2 was to explore the Safe System factors associated with fatal, serious injury,
and minor injury crashes occurring in 236 light vehicles and 64 specified service vehicles (55
buses, 7 rubbish trucks, 2 road works trucks) whiledriving for work. The study examined crash
factorsacross 300 such crashesfrom 2011 to 2020 to describe common patterns and crash
profiles that can be used to better understand and address driving for work safety issues.

The findings reinforce previous Safe System analyses showing thatinjury crashes often occur in
the context of multiple system failures (Hirsch et al., 2018; Hirsch et al., 2017; Mackieet al.,
2017; Mackieet al., 2018; Thorneet al., 2020). Similarly, with theinclusion of minor injury
crashes, we observed a strong relationship between the number of system pillars implicated
andthe severity of the crash, suggesting that concentrations of minor injury crashes may be a
usefulindicator of the potential for more severe crashes to occur (Hydén, 1987), if other system
failures are added.

Vehicle, speed, and roads and roadsides factors were also more frequently implicated in more
severe crashes. Rural roads, which generally involve higher vehicle speeds thanin urbanand
commercial areas, were the site of almost two thirds of fatal crashes, compared to 44% of total
crashes. Further, over half of fatal crashes occurred on undivided roads with 100 km/h speed
limits, demonstrating the consequences of not protecting traffic in high speed environments.

Vehicle factorsin particular were identified more often than in the Serious Injury Crashes study,
with the size or mass of driving for work vehicles playing a major role in determining crash
outcomes. Towed trailers or cars also played a role in several crashes, in some cases due to
loading or attachmentissues. In addition, a quarter of driving for work vehicles had overall
safety ratings of two or fewer stars, which were more likely to be implicated in serious and fatal
crashes. Technicians and trades workers, along with labourers, were over-represented in low
safety-rated vehicles, especially vans.

Higher speeds were also associated with more severe crashes, though to a lesser extent thanin
the Serious Injury Crashes study (Mackieet al., 2017), with 18% of crashes occurring at driving
forwork vehicle speeds of 20 km/h or less. This in part reflects the inclusion of pedestrians,
cyclists, and motorcyclists in the present study, who arevulnerable to injury when impacted
even at relatively low speeds (Hirsch et al., 2018, Thorneetal., 2020). However, as has
previously been noted, speed estimates are lacking for a fifth to a quarter of vehicles, and tend
to rely on witness estimates, thereforethe role of speed is likely underestimated ( Boufous &
Williamson, 2009). Moreover, anumber of crashes where driving for work users were travelling
at low speedsinvolved other users at higher speeds, with some indication that unpredictable
manoeuvres such as turninginto or out of driveways or pullinginto or out of trafficwere
implicated.

Though user factors were implicated to a similar extent tothe earlier Serious Injury Crashes
study and other Safe System analyses, extreme or reckless behaviours such as speeding and
intoxication were observed less frequently in drivingfor work crashes. This applies especially to
thosedriving forwork, but also to other road usersinvolved. In part, thisis likely because
people are more likely to be ‘on good behaviour’ whileworking as they may feel there is more
at stake(e.g. losing job), as well as reflecting the inclusion of people walkingand cycling in this
study. However, in particular with regard to speeding, it may also be related to the increasing
use of telematic softwareto monitordriver speeds and other behaviours (Pyta, Gupta, Stuttard,
Kinnear, & Helman, 2020). Speeding whiledriving for work that did occur in this study was
associated with police, labourer, and tradespeople occupations, including across a range of
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speed limits and crash types. While police speeding was related to pursuits and call-outs, it may
be that work-related factors such as time pressures and fatigue contributed to speedingamong
labourers and tradespeople, particularly with regard to crashes occurring on bends with low
speed advisories relative to the posted speed limit.

Work-related factors were generally difficult to assess based on TCRs alone. While variables
such as evidence of fatigue, use of technology, hours driving, and employment details were
coded, information on these factors was rarely available. The limited data on fatigueshowed
thatthis was a contributing factor for people driving for work in this study, particularly in single
vehicle crashes, though likely substantially underestimated (Boufous & Williamson, 2009).

Occupationinformation was, however, available for most drivers, and reflects industry
representation in overall occupational safety statistics: drivers were the most commonly
represented occupation group (i.e. the transport sector; Driscoll, et al., 2005; Lilley, et al., 2021;
Sultanaetal., 2007), followed by technicians and tradespeople, and labourers (i.e. the
construction industry; Driscoll, et al., 2005). In contrast to the international literature (Boufous
& Williamson, 2009; Husain et al., 2019), however, taxi drivers were more frequently
represented in minorcrashes than moresevere ones. This makes sense in the context of lower
speed urban environments, butitis unclear why this should be different overseas. Bus drivers,
on the otherhand, made up the single most common driving for work occupationin the crashes
in this study, though they tended not to be attributed fault for the crash by the attending
officer, similar to research by Clarke et al. in the UK (2005).

Research into the burden of WR MVTC crashes in Aotearoa New Zealand has found a high
proportion of crashes occurring among people driving forwork aged 35 and over, with
involvementin serious and fatal crashes generally increasing with age (Lilley et al., 2021, Sultana
etal., 2007).Similarly, inthe present study, driver age was distributed fairly evenly across age
groups from 21-70, with serious and fatal crashes increasing with age from around 50 years old.
This differs substantially from crashes in the general population, in which younger age groups
are morefrequently involved, particularly in high severity crashes (Mackie et al., 2017). Women
were also much less frequently involved as drivers forwork compared to general crashes, which
likely reflects lower participation in occupations involving driving for work, but also potentially a
bias in the data toward occupations and vehicles which are more easily identified as driving for
work, such as tradespeople and vans or trucks, while women are more likely to drive cars for
work (Stuckey etal., 2010).

Injuries in the crashes included in this study were most often sustained not by the person
identified as driving for work, but by other road usersinvolved in the crash. This was especially
the case for fatalities, reflecting literature showing that over half of people killed in WR MVTC in
Aotearoa New Zealand are bystanders who were not working at the time of crash (Langley et
al., 2006; Lilley et al., 2019). This analysis provides furtherinsightinto how and why thisis the
case. The higher burden of injury to bystanders should taken into account when evaluating
driving for work risks, also keeping in mind the likely pyschologicalimpacts that involvementin a
serious or fatalcrash presents even for those who avoid physicalinjury.

Vulnerable road users were especially likely to sufferserious or fatal injury in crashes with
people driving for work in the current study. Intotalthey made up a quarter of people seriously
injured or killed. This reflects in part the generally large or one-boxbonnet shaped vehicles
frequently used as driving for work vehicles, particularly buses and vans.

A particular strength of this analysis was the inclusion of a wide range of crash types, enabling
an understanding of the diverse contexts in which driving for work crashes can occur. While this
created a nuanced dataset from which it was difficult to generalise factors across all crashes, it
helps to painta broad picture of driving for work safety issues.

MACKIE RESEARCH | CONTEXTUALFACTORS IN DRIVING FOR WORK CRASHES 56



Through conducting a cluster analysis, we were further able to identify three common crash
profiles, each of which was associated with different crash factors. Thefindings showed that
driving for work crashes are most strongly defined by road user and vehicle types, with cluster 2
entirely made up of crashes with VRUs. This reinforces a broadertrend across the data about
vehicle mass and the circumstances in which we allow large work vehicles and VRUs in
particular to mix. Also of note is that the third and smallest cluster, made up of single vehicle
crashes, demonstrated the most similar pattern of user factors to general crashes in the Serious
Injuries study (Mackieet al., 2017), such as fatigue, exceeding safe speeds, and non-seat belt
use. It was also most similar to the 'Driving for Work’ profilein the Non-seat belt use study
(Hirsch et al., 2017), with crashes occuring primarily in rural locations and mostly involving vans
and trucks.

Interestingly, no major effects related to COVID-19 spread orrestrictions were observed in the
data. There was some exacerbation of existing trends, such as high numbers of fatal crashes on
rural residential roads, and possibly more speeding or risky driving related to fewer vehicles on
the road. Professionaldrivers also made up a smaller proportion of crashes during/post-COVID
restrictions, which likely reflects that only somewould have been designated as essential
workers, and thereforethey travelled fewer kilometres overall.

There are a number of limitationsin this study, primarily relating to the accuracy and
representativeness of the data. Traffic crash reports (TCRs) recorded in CAS were the primary
resource used both toidentify relevant crashes and to analyse them. TCRs are generally
completed at the scene of the crash (or shortly after) by the attending police officer. They
provide a wide range of useful crash information, particularly around roads and roadsides and
vehicles, and they are relatively easily accessible. However, as noted in the literature (see
APPENDIX B: LITERATURE SCAN REPORT), theaccuracy and level of detail included in TCRs is
variable and often relies on driver and witness statements, particularly forspeed estimates and
driver behaviours atthe time of the crash. Information relating to work activities is also often
absent or sparse, making both identification of driving for work crashes and coding of work-
related crash factors difficult.

Of particular concern is the, on average, lower level of detail contained in serious injury and
especially fatal crash TCRs. This is in partdue to the difficulty/impossibility of obtaining witness
statements from people who are seriously or fatally injured in a crash, but also because more
severe crashes require Serious Crash Unit investigations to be completed, and the information
fromthese appearsto be rarely backfilled into the TCR. As a result, somecrash factors, such as
speed, driver behaviours, and work activities, are likely to be underreported and therefore
underestimated in this study. In addition, the distinction between minor and serious injury
crashes can be quite subtle, with the potential for quite a bit of overlap. This could lead to an
underestimate of the extent to which the crash factors examined influence crash severity.

Another limitation of the research is that the results cannot be generalised to all injury crashes
in which someone was driving a light vehicle or service vehicle for work. Dueto the difficultiesin
identifying work activity in crash records, the sample is unlikely to capturethe full range of
these types of crashes, though we are confident thatit includes a sufficiently useful range of
these types of crashes, from which conclusions about common crash factors can be drawn. In
addition, the sampleis likely to include somecrashes in which the identified Driving for Work
User was not actually drivingfor work at the time of the crash. However, we expect this latter
proportionto be small.
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Moreover, and partially related to the lower level of detail in TCRs for more severe crashes,
different sampling processes were used to identify fatal crashes than those for minor and
serious driving forwork crashes. As such, the fatal crash sample encompasses a longer time
period andincludes older crashes, and may be more biased toward easily identifiable types of
driving for work, forexample, bus or taxi driving, than the minorand seriousinjury crash
samples. However, given the smaller overall ‘population’ of fatal driving forwork crashes
(comparedto lower severity crashes), we expect the sample of fatal crashesincluded in this
study represents a greater proportion of the population of fatal driving for work crashes, which
would help with their representativeness. By contrast, representativeness in serious and minor
crashes was achieved more so by a randomisation process.

The COVID-19 impact analysis was a brief exercise and did not explore trends beyond ‘pre’ and
‘post’ COVID restrictions being introduced. The ‘post-COVID’ dataset thereforeincludes periods
during which nocommunity spread was occurring and no restrictions were in place.
Furthermore, the post-COVID dataset was much smaller than the pre-COVID dataset,
particularly forfatal crashes, and these smaller samplesizes mean the results should be
interpreted with due caution.

Finally, with regard to the cluster analysis, theinternal validity of the identified clusters is
governed by the HCPCalgorithm. However, we were unable to assess the external validity of
thoseclusters, thatis, the extent to which the current clustering results can be generalised to
other crash events. Additional data to perform external validity checks on was not available.
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This study aims to develop and apply two levels of analysis to understand both theimmediate
and wider contextual factors associated with driving forwork crashes. The first level of analysis
was designed to understand the immediate context of different types of crashes usingthe Safe
System analysis. The second level of systems analysis, outlined below (and Phase 3 of the
study), employs a socio-technical system framework and accompanying pilot AcciMap to
capture the direct and indirect contextual factors that led to a crash while driving for work.

Rasmussen’s socio-technical Risk Management Framework (left side of Figure 42), chosen as the
basis for the Phase 3 analysis is made up of a hierarchy of levels, and although not rigidly set,
the layers typically comprise the following groups, which make up the system:

e Government

e Regulators/Associations

e Company

e Management

e Staffand

e Work(Salmonetal., 2010).

The premise of the approach is that crashes or harm incidents depend on the contextual
mechanisms in place at various system levels. Safety emergent behaviour arises from
interactions between the actors and other system artefacts at each level. Vertical integration is
an importantaspect of the framework; information and influence should transferdownward
but should also transfer upward. This means that decisions made at top levels should reflect the
work doneat lower levels, and the work should also directly inform decisions made above.
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Figure 42: Rasmussen’s Risk Management Framework and accompanying AcciMap diagram
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4.2.1. Socio-technical applications

Various frameworks exist forthe analysis of systems. One method stands outin particular
because it is theoretically driven and provides a structured methodology foranalysing incidents
—namely the AcciMap (right side of Figure 42). Itis based on Rasmussens (1997) model of socio-
technical complex system by identifyingthe contributing factors to an incident. The method
can be used to map system elements (actors, procedures), failures, decisions, and actions that
link together to explain incident causation. Itis a useful method because of its generality and
flexibility to assess different work systems (Hulmeet al., 2021). Hulmeetal’s earlier work
identified 20 AcciMaps that were successfully applied in different contexts including public
health, aerospace, led outdoor recreation, emergency response, transport, and civil engineering
(Hulme et al. 2019). In New Zealand, AcciMaps were also used in an earlier study of cycling
fatalities (Mackieet al. 2016).

The socio-technical approach and AcciMaps were applied to transport, postal, warehousing and
manufacturingin a recent WorkSafe project (Tedestedt George et al., 2021). The project sought
to capture contextual factors from throughout the supply chain which were contributing to
harm in and around vehicles in New Zealand. Data was collected from across the supply chain
andthe system. The AcciMaps produced during this project visually showed that undesirable
outcomes resulted from decisions and actions made throughout the system. Importantly, they
also showed that no one individual or organisation was at fault, and that any improvements
must be made collaboratively at various system levels.

The AcciMap was chosen for Phase 3 of this project to further understand the utility of this
method within the context of driving forwork crashes. The following section outlines the

recommended method forcreating an AcciMap and the process we undertook, included to
show how this method can be applied in a driving for work context. A pilot AcciMap is then

MACKIE RESEARCH | CONTEXTUAL FACTORS IN DRIVING FOR WORK CRASHES 60



included, showingthe contextual factors that led to the death of a taxi driver and injury to the

Six passengers.

4.2.2. AcciMap method

Creating an AcciMap involves the construction of a multi-layered diagram in which various
causes of an incident are arranged according to their causal remoteness to the incident
(Branford, Naikar & Hopkins, 2019). Thefirst columnin Table 4 below shows the recommended
stepsfor creating an AcciMap (Branford etal., 2019), and the second column explains how we

carried outthese steps.

Table 4: AcciMap method

1. Select a case to map and collect
available data from a wide variety of
sources.

2. Create ablank AcciMap format guided
by the Risk Management Framework
and identify the negative outcome(s) of
the case. From the data collected
identify all the causes inthe incident
data. The causal factors are only
included if their occurrence contributed
to the incident.

There could be a great number of
causes for any incident, therefore it is
necessary to draw boundaries around
what will be included and what will not.
It is suggested that only causes of
practical significance be considered
(Branford et al 2019). These are causes
that something could conceivably be

done about. For example, causes such as

“had the driver taken a different route”
will not be included because they are
not of significance as no action can be
taken to address this.

3. Place each of the causes at an AcciMap
level, review the level titles as

Using investigation records, WorkSafe provided a list
of 20 work-related road fatalities from between 2013
and 2020. Ease case was discussed to determine the
suitability of for this project and for mapping. The list
was narrowed to four possible cases.

Traffic Crash Reports (TCR) were sourced for three out
of the four cases. Applications were made for
Coroner’s reports; three of the four were available.
Information provided by the Coroner’s office included
Police reports, expert analyses, witness statements,
medical information (sensitive information redacted),
and other supporting information used to make
conclusions on the case.

The final case selected based on the availability of
data.

The data for that case was read through, and an initial
list of causal factors was created. The outcome was the
fatality of the driver and injuries to the six other
passengers. A list of causal factors was created. Factors
included inappropriate speed, distraction, driver
fatigue as well as inconsistent medical advice, driving
while on medication, challenging family life, and
inadequate notice of the job from the employer. These
factors were triangulated as much as possible (though
this was not possible for all factors) by cross checking
information across the various documents.

As the data was reviewed and causal factors begun
emerging, it was apparent that to understand this case
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appropriate. Determine what
information is missing and how to go
about collecting it.

Arrange the causes inthe AcciMap so
that the causes lie directly above their
effects (whether the effects are inthe
same level orin the level(s) below).
Check the causal logic and determine
whether if it had not occurred that the
incident itself may not have occurred.

Address any gaps in information. The
process will result in the contributing
upper-level system failures being
identified from the causal pathway
diagrams, which can then be linked to
the lower-level factors determined from
the crash reports.

Discuss any findings to ensure all causal
pathways make sense and allow the
input of content experts.

more fully, the suggested AcciMap levels needed to be
renamed for example, we added in “Societal norms,
culture, values” as a level in the map to include causes
such as normalising driving while fatigued as a factor.

Each of the causal factors were placed at an AcciMap
level. This was an iterative process in which the levels
were refined and causal factors grouped.

Further information was sought from government
websites to help fill in upper levels.

As suggested, the causes were placed above their
effects and causal logic was indicated by arrows. This
was also and iterative process requiring many
attempts and a discussion among the research team.

An example of this is the driver not wearing a seatbelt
led to them being ejected from the seat and through
the windscreen. Another example is the driver
receiving conflicting advice about fitness to drive and
the driver remaining available to work (drive).

Further information was sought from policy
documents, government reports and websites, and
media to shed light on higher levels such as
regulations, policies and procedures.

It is recommended that as this project concludes, a
stakeholder group of experts in the field be brought
together to discuss the map, the causes, and in
particular the causal pathways between each cause.
The discussion with these stakeholders could include
how this method could be used more broadly in the
driving for work context and limitations including
access to data (discussed below) can be overcome.

4.2.3. PilotAcciMap

Below is the pilot AcciMap (Figure 43) that resulted from the method outlined above. Following
the map, is an accompanying description of the case.
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Figure 43: Pilot AcciMap of fatal crash case
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ACCIMAP KEY

White box = causal factors

Yellow box = outcome of the incident / injuries sustained

Grey box = causal factors assumed from the evidence but not confirmed

Solid arrow = relationship between factors found in evidence

---* Dashed arrow = relationship assumed from evidence but not confirmed

Description of the case

A taxi driver was rung by their employer just before midnight and asked to pick up a family
before 5:00am thefollowing morning. Thedriver reluctantly took the job and left homefor the
fare just before4:00am. Thetrip should have taken roughly 25 minutes, howeverthe driver got
lost and needed to be redirected to the correct address arriving 15 minutes late. Presenting as
stressed and out of breath, one of the passengers helped the driver load the van. They later
commented that the driver droveinappropriately for the conditions down their driveway.

During the time leading up to the crash, the driver was reportedly riding the clutch and not
taking corners appropriately, at times skidding on the road. The full beams were left on
throughoutthetrip despite the presence of oncoming traffic.

In the years prior to the crash, the driver had had their license cancelled after presenting unwell
and consequently deemed unfitto drive. The license had been reissued a shorttime later after
seeing an appropriate medical practitioner. Also during the previous years, the driver had fallen
asleep at the wheel and had been involved in a crash where they were hit by another car. This
left the driver with injuries that hindered full-time work.

Roughly a week before the crash, the driver presented to their GP with dizzy spells and had also
been unwell requiring an overnight stay in hospitalthe week before that. They were offered
time off work by the GP though refused. The GP prescribed medication of which has side effects
including sleepiness and drowsiness. While on this medication, patients are advised against
driving. It is noteworthy to mention that the advice from the GP was deemed contradictory by
the coroner because in some places they were advised against drivingand in other places “the
affected person has to be careful with driving”. Even though advised againstit, the driver
remained available to work according to employer records.

In additiontotheiill health and injury, the driver appeared to have a demandinghomelife,
which, on this night prior to the crash meant they had slept in the vehicle rather than returning
hometo sleep.

At roughly 5:25amthedriver failed to turn at a right bend, travelled straight onto soft gravel on
the left side of the road, and overcorrected which caused the vanto roll several times and then
rotate around. The driver was not wearing a seatbelt and was ejected from the vehicle and died
at the scene of the incident.

Environmentalfactors played a role. The roadis undivided and the speed limit 200km/h. The
safe and appropriate speed is 80km/h and TCR records recommend a speed limit of 75km/h,
howeverthere is no signhage to indicate this, just arrows. This road is in the top 10 percent

priority for speed management. Theshoulderwas narrow, unsealed and runninginto a ditch.
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This incident occurred partly because the driver was unfitto drive —a symptom of a series of
interrelated contextual factors. They were given contradictory medical advice, allocated the
work only fourhours prior to beginning, and remained available to drive despite being fatigued
and under the influence of medication. Waka Kotahiwere approached by the coroner, aswas
the GP, each with reasons for not suspendingthelicense or taking further intervening action.
There was agreement that although license suspension was not possiblein this case, there is
scope forimprovementsin the current guidelines.

4.2.4. Dataavailability and access

The AcciMap analysis was developed to a point, but given project constraints was not able to be
fully pursued to include a deeper understanding of the contextual factors surrounding the
crash. Using this method at scale will require greater and easier access to relevant data sources.
It will also require the creation of datasets that more easily allows forthe identification of
"upstream’ contributing factors to crashes. It was challenging to obtain the information required
forthis one case and yet there is a strong need to carry out more ‘system’ focussed analyses of
crashes.

It is acknowledged that data of this nature contains senstiveinformation and respect needs to
be given to individuals involved. However, if crashes while driving for work are to be reduced,
then broadersystemictrends must be identified via methods such as AcciMaps. The benefits of
using AcciMaps are particularly evident when a maps can be created from clusters of similar
cases, allowing trends to emerge. Interventions can then be designed to address causes at
higher system levels with the aim of preventing crashes at a larger scale.

Socio-technicalanalyses such as AcciMaps show promisein developinga more contextual
understanding of the conditions associated with driving for work crashes. However,
collaborative effort across the system is needed to improve access to data so that socio-
technical analyses of crashes and groups of crashes can be carried out. New arrangements for
data collection and amalgamation of current data sets are needed however, and it is currently
very difficult to obtain the relevant data (which mostly exists in various places) to effectively
carry outthese analyses. Work in otherareas such as the Led Outdoor Activity sector (see the
work of Goode, Salmon, Lenné, Finch, & Cassell, 2012) sector have shown that some of the
factorsthat contributeto minorincidents are the same as those leading to those of a more
serious and fatal nature. This means that by understanding and acting on contributing factors to
even minorincidents can help improvethe design of the system. However, this requires greater
access to work-related data from across the system and an ongoing commitment to the analysis
of contextual factors when a crash for work occurs.

MACKIE RESEARCH | CONTEXTUALFACTORS IN DRIVING FOR WORK CRASHES 65



This study has utilised two different system methods to examine the characteristics of driving
forwork crashes. The analysis has highlighted somekey trends and these are summarised

below:

Failure across a greater number of Safe System components is associated with higher
crash severity

The burden of injury from driving forwork crashes is largely borne by other users,
particularly by other drivers and vulnerable road users

There is often a large differencein massand level of protection between road users,
suchas in crashesinvolving a bus or light/medium truck and a pedestrian

As in previous studies, most severe crashes occurred on rural roads, particularly
undivided roads with 100 km/h speed limits — though severe crashes involving
vulnerable road users were more common in urban areas

Speed factors were strongly linked to crash severity —however severe crashes also
occurred at very low driving for work travel speeds, particularly wherevulnerable road
users were involved (e.g. pedestrian and rubbish truck) or another driver was travelling
much faster

Driving for work vehicles often had quite low safety ratings, especially vans, and
especially for technician and trades workerand labourertype occupations

Reckless or extreme behaviours were less commonin driving for work crashes,
particularly among thosedriving forwork

There are broader, systemic factors that contributeto driving forwork crashes. Trends
among systemiccausal factors can be identified using methods such as AcciMaps.
Benefits of the method are evident when maps can be created from clusters of similar
cases which allow trendsto emerge

Collecting data on contextual factors that contributeto driving for work crashes will
mean interventions can be designed to address causes at higher levels, preventing
crashes on a larger scale.

The cluster analysis has shown that driving for work cases are often associated with three crash
context types:

Multiple vehicle crashes (n=188), often involvingwork vans, utes, and SUVsin side
mh.l

i

impact crashes, occurring across all land use types, and typically resultingin injury to
non-driving forwork drivers.

s Vulnerable road user crashes (n=72), ofteninvolving professional driversin vans or
buses colliding head on with a pedestrian in an urban or commercial shopping area.

Single vehicle crashes (n=40)involving peopledriving vans or light trucks for work
losing controlon rural roads and hittingan object or rolling, with fatigue, non-seat
belt use, and speed oftenimplicated, and resulting in high worker injury rates.
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A theme of datalimitations existing across both system analysis methods. For the Safe System
analysis variations and limitations in CAS data were identified, possibly relating to the adjoining
SCU report forany case. However, SCU reports are generally unavailablefor analysis purposes
despite the rich array of contextual information they likely contain. Likewise, for both analyses
ACC and WorkSafe data was deemed too difficult to obtain within the parameters of this study,
andyet these combined data sets may be valuable in understanding work related road safety
trends and cases.

If more system focussed analysis of road safety issues are deemed useful, then it is suggested
thatagreed pathwaysfordatauseand access are determined, so that approved researchers
and/or studies can access necessary data safety, without undue difficulty. Significant effortand
resources are used to collect and store this data, and hence while there is an ethical obligation
to ensure individual datais protected, there is also an obligation to ensure the usefulness of the
data is maximised.

Based onthe study findings, we proposethe following actions:

e Develop a deeper understanding of the context around examples from the crash
clusters, so that advocacy and policy responses can be accurately targeted.

e Useminorcrash frequency as a potentialindicator of more severe crash risk in work
and other settings

e Improve CAS data quality by ensuring relevant information from SCU reports is
backfilled into TCRs, or that CAS reports are adequately completed in any case.

e Establish data access procedures, across various datasets, for valid crash analysis
purposes

e Examine how common work-related factors such as fatigue, time pressures, and work
stress can be better recorded in TCRs

e Explore the differentcrash clusters identified in more detail to further understand the
crash factors associated with each

e Further develop socio-technical methods and data collection/analysis procedures for
different crash types to identify and address contextual trends present at higher system
levels.
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APPENDIX A: SUPPLEMENTARY TABLES

AND GRAPHS

Table 5: Number of crashes in each region of New Zealand by severity

Northland
Auckland
Waikato

Bay of Plenty
Gisborne
Hawkes Bay
Taranaki
Manawatd-Whanganui
Wellington
Tasman
Nelson
Marlborough
West Coast
Canterbury
Otago
Southland
Total

Minor Serious Fatal Total
2 3 7 12
31 33 29 93
18 14 16 48
2 1 3 6
2 0 2 4
3 2 3 8
2 6 3 11
6 7 8 21
14 9 5 28
0 0 0 0
1 0 0 1
1 2 1 4
0 0 2 2
7 15 13 35
9 4 6 19
2 4 2 8

100 100 100 300

Figure 44: Proportion of crashes triggering multiple Safe System pillars by crash severity — with User pillar
separated into DFW driver and Other user pillars
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Background

Work-related road safety is a strategic priority in the new road safety strategy Road to Zero and
is of strategic interest acrossa number of government agencies (e.g., MOT, Waka Kotahi,
WorkSafe, ACC). It has been identified that the prevalence of work-related fatalinjuries which
were road traffic fatalities make up 30% of all worker fatalities (McNoe, Langley, & Feyer, 2005)
and between 22%-36% of the national road toll (including workers, bystanders, and commuters)
(Lilley, et al., 2019). While definitions of driving for work vary internationally, overseas studies
have similarly shown that work-related motor vehicle traffic crashes (WR MVTC) are the
greatest cause of occupationalinjury and fatalities in Australia (Mitchell, Bambach, & Friswell,
2014; Safe Work Australia, 2017) and the UK (Clarke, Ward, Bartle, & Truman, 2005), and that
they are responsiblefor 40% of road fatalities in Europe (Adminaite, Jost, Stipdonk, & Ward,
2017).

Definitions of driving for work vary from country to country in terms of what counts as driving
to work; forexample, in some European countries, commuting to and from workis included
while in most English-speaking countries it is not, and in some places the vehicle is only
considered to be a workplacewhen used on worksites (Mathern, 2019). Within this, existing
studies focus on different types of driving for work, forexample, heavy freight drivers, light
truck and short-haulvehicle (up to 12 tonnes) drivers, and company fleet drivers. Business-
owned or managed vehicles (work orcompany fleets) are also often differentiated from
privately-owned vehicles used forwork (grey fleets), or employees from owner-operators
(Mathern, 2019). Lilley et al. (2019) use a broad definition of driving for work in their study,
which includes volunteer work and activities occurring duringa non-work period but to which
work contributed.

For the purposes of this study, drivingforwork is defined as all on-road drivingforthe purposes
of work, excluding commuting. In addition, because relatively more research hasfocussed on
truck drivers and less is known about other kinds of work-related trips, we are focused on
driving for work in light vehicles, especially cars, butalso including light trucks, and buses.

Beyond understanding the overall burden of WR MVTC, and in order to address some of their
underlying causes, we need to develop a better understand of the factors contributing to their
occurrence. Recent research into the factors associated with WR MVTC in New Zealand has
identified a range of government policy, organisational, and worker level risk factors associated
with heavy freight driving (Mathern, 2019; Tedestedt George, 2018), and how upstream factors
linked to supply chain pressures can be addressed (Tedestedt George, et al., 2021). However,
comparatively little research has been doneinto the contextualfactors associated with WR
MVTC in light vehicles such as cars and small trucks.

This study seeks to address this knowledge gap by examining the factors associated with WR
MVTC using three methods:

e A brief scan of key literature on WR MVTC that occurred in light vehicles (as part of
Study Phase 1)
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e Ananalysis of the Safe System factors associated with WR MVTCthat occurred in light
vehicles in New Zealand in recent years (Phase 2)

e A socio-technical systems analysis of the upstream factors associated with WR MVTC
occurring in light vehicles in New Zealand (Phase 3).

This report summarises the findings of the first of these methods, theliterature scan.

Scope

The scope of this brief scan of literature is to help to identify methodologies, key themes, and to
position this project. The literature scan will inform the next phases of this project. Note that
this was nota comprehensivereview of literature, but rather a scan of key methodologies and
themes to inform our study.

As above, driving for work is defined for the purposes of this literature scan as all driving forthe
purposes of work, excludingcommuting and off-road (e.g., worksite) driving. However, studies
thatinclude commuting and off-road driving willalso be considered where relevant. Likewise,
the literature scanfocuses on driving for work in light vehicles, but due to the limited evidence
available specific to light vehicles, literature ondriving forwork in heavy vehicles, or a mix of
both, is included whererelevant.

An initial step wasto review academic and non-academicliterature related to driving for work
crashes. A literature search was conducted using the databases Science Direct and Google
Scholar. Key wordsin the search terms began with “driving forwork”, “crash”, “work-related”,
“fatality”, “occupational”, “injury”, with “contributing factors”, “system influences” and “light
vehicles” as examples of secondary search terms where appropriate. The majority of initial
literature found was related to heavy truck-driving, which is not the focus of this project, so
“light vehicle” became a key area of focus as the search focus progressed. Literature was
selected based on methodologies that seemed relevant to our work and with findings that
revealed common characteristics of driving for work crashes.

Research to understand the nature of driving for work crashes have employed many different
methods depending on the study objective. These methods and objectives are summarised in
Table 1 below. This review of methods willassist in the coding protocols we will usefor our
analysis based on variables found to be relevant in other studies, whilealso informing areas of
focus forfurtherphases of our study.

Table 1: Methods researchers have used to understand driving for work crashes.

Method Primary Objective References

Coronial data (provides To determine burden of drivingfor  Driscoll, et al. (2005); Lilley, et al.

accurate injury and work related fatal injuries and (2019); Lilley, et al. (2021);

demographicinformation) providedemographicand other McNoe, Langley, & Feyer (2005)
context
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Injury claims (typically
easily filterable and pre-
selected forwork-related
incidents)

Police reports and crash
records (recording and
reporting of this data has
variable accuracy)

Vehicle-use registration
data

Stakeholderinterviews
andfocus groups

Diary studies

Surveysand
questionnaires

To determine incidence rates and
associated costs of work-related
injury claims

To identify work-related traffic

incidents and provide demographic,

roading environment, and crash
context

To cross-reference and identify
specific vehicle typese.g.,

occupationallight vehicles or load-

shaped vehicles

Gaining driver or organisational
stakeholders’ perspectiveon
specific contributing factorse.g.,
fatigue or safety culture

Tracking changes amongdrivers in
an identified variable e.g., fatigue
or perceptions of job strainand
determining its relationship with
poordriving safety

Gaining further perspective and
understanding on any number of
contributing factors e.g., fatigue,
speeding, safety culture, or work
demands

Boufous & Williamson (2009);
Copsey, et al. (2010); McNoe,
Langley, & Feyer (2005); Sultana,
Robb, Ameratunga, & Jackson
(2007)

Boufous & Williamson (2009);
Clarke, Ward, Bartle, & Truman
(2005); McNoe, Langley, & Feyer
(2005); Rowland, Wishart, &
Davey (2005); Stuckey, Glass,
LaMontagne, Wolfe, & Sim
(2010); Ward, Christie, & Walton
(2020); Wishart, Rowland,
Freeman, & Davey (2011)

Stuckey, LaMontagne, Glass, &
Sim (2010); Stuckey, Glass,
LaMontagne, Wolfe, & Sim (2010)

Husain, Mohamad, & Idris (2019);
Ward, Christie, & Walton (2020);
Rowland (2018); Rowland,
Wishart, & Davey (2005);
Tedestedt George (2018);
Wishart, Rowland, Freeman, &
Davey (2011)

Anderson, et al., (2018); Husain,
Mohamad, & Idris (2019)

Freeman, Wishart, Davey, &
Rowland (2008); Friswell,
Williamson, & Dunn (2006);
Husain, Mohamad, & Idris (2019);
Marcus & Loughlin (1996);
Montoro, Useche, Alonso, &
Cendales (2018); Newnam,
Watson, & Murray (2004);
Newnam, Griffin, & Mason
(2008); Rowden, Matthews,
Watson, & Biggs (2011); Rowland,
Wishart, & Davey (2005);
Rowland (2018); Useche,
Cendales, Alonso, & Orozco-
Fontalvo (2020); Williamson,
Friswell, & Dunn (2006); Wills,
Watson, & Biggs (2009); Wishart,
Somoray, & Evenhuis (2017)
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Literature review To identify current knowledgebase = Newnam & Watson (2011);

of driving forwork crashes and Salmon & Lenné (2015); Stuckey,
identifying potential gaps e.g., LaMontagne, & Sim (2007)
socio-technicalapproachin

intervention design

Thematic analysisof case  Broader review of general themes Copsey, et al. (2010); Copsey, et
studies and safety policies commonly foundin organisational  al. (2011); Wishart, Rowland,

safety policy, safety interventions,  Freeman, & Davey (2011)
and crashes

Analysis considerations

The methods usedin the literature above have highlighted some potentially useful elements
that could be incorporated into the coding protocolforthe current study. These include:

Include pedestrians and/or bystanders during the analysis of driving for work crashes to
properly represent the burden of work-related fatalinjuries (Lilley, et al., 2019; McNoe,
Langley, & Feyer, 2005; Sultana, Robb, Ameratunga, & Jackson, 2007).

Considerdrivers participating in the gig economy e.g., ridesharing and food delivery,
and grey fleet e.g., driving personal car for work purposes, in analysis. Thisis important
as this is a large sector and has not received adequate attentionin the literature (Ward,
Christie, & Walton, 2020)

Include ‘work activity’, defined as “working for pay, profit or paymentin kind, assisting
with work in an unpaid capacity, or being engaged in work-related activities even when
on a break or away fromthe workplace, forexample, rest stops taken duringwork-
related travel” (Lilley, et al., 2021, pp. 124-125)

Consider “blameworthiness” ratio — “drivers could be either ‘to blame’, ‘at least partly
to blame’, or ‘notto blame’ in any given incident”. This coding allows for an analysis of
“blameworthiness” by othervariables e.g., vehicle type and severity of injury (Clarke,
Ward, Bartle, & Truman, 2005, p. 14). Notethat takinga more systemicview of crashes
is the goal of this and other more contemporary road safety research, rather than
focussingon blame. However, it is stillimportantto understand the contributing factors
to crashes across the system areas of driver, roads, vehicles, and speed.

Code forfatigue and speeding, in the absence of police identification of these
conditions, by identifying characteristics of driving behaviourthat indicate fatigue (e.g.,
travelling on incorrect side of road for single vehicle crashes, running off road with no
evidence of speeding) or speeding (e.g., losing control ona curve) (Boufous &
Williamson, 2009, p. 468).

Code a wide range of variables as limited coding can potentially significantly
misrepresent the impact and effects of driving forwork crashes (McNoe, Langley, &
Feyer, 2005; Ward, Christie, & Walton, 2020).

Code vehicle, road environment, and work factors as well as thoserelated to drivers
and passengers (Stuckey, Glass, LaMontagne, Wolfe, & Sim, 2010) —see example of
coding protocolin Figure 1 below.
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Figure 1: Occupational Light Vehicle (OLV)-use systems model with potential crash determinants at each
level (Stuckey, Glass, LaMontagne, Wolfe, & Sim, 2010)

Work Arrangements

Fleet size of registrant - <3 light vehicles or =3 Jight vehicles
Wehicle registered work purpose - general business or farmer use*# / taxi use
Wehicle registered work purpose: general public# or government/govi. services*
Registrant’s work arrangement: orgamsation or sole-trader (e, unincorporated organizations)
Fleot size & work arrangement: Large floet (=5 light vehicles) or
<= 5 light vehicles - organization / = 5 light vehicles - sole trader®
Vehicle use time - day (hour) — 8 00-12 00 or 12.00-16.008 / 16 00-20,00 / 20.00-24 00*# /00.01-4,00%# / 4.00-8.00
Vehicle use time - time of vear - April-Sept, (cooler ) or Oct -March {warmer}*
Vehicle use time - day of week - Tuesday or - other weekdays*/'weekends®

Road Environment
Ambient light - Dark/dawn/dusk*# or dayvlight
Road confi ion — lane’ tion
Road alignment - curved *#/straight
Surface type — unscaled */scaled  Road weather - Surface wet or dry
Road region — Sydney metropolitan area or - country non-urban®# / country urban*#
Road class - Freeway/Motorway or other classified road/state highway*/unclassified road
Ambient weather - Raining/fog/mist or fine/overcast
Traffic signal present - No signal on*# / traffic signal on
Crash speed zone — <60kph limit zone or - 60-99kph zone* or =100kph zone*#

Vehicles
Crashworthiness - vehicle type hit — lightheavy vehicle
Crashworthiness - vehicle weight - =2000ka/<2000kg *

Crashworthiness - vehicle power - Enging <20010c*/20oc

WVehicle shape - Load# (vans, utilities, light-trucks; small-buses, 4-wheel drives or

Car* (sedans, coupes, convertibles, station wagons)
Vehicle color — white/other* ‘Wehicle Light-use: on®#/off
Crast il — safety feondition - Vehicle <5 yrs old or 5-15 yrs old*/>15 yrs old#
Crashworthiness — other vehicle impact - Single vehicle crash*#/ =2 vehicles

Drivers & Passengers

Driver gender — male#female® Dnver speeding - ves* or nofunk
Diriver experience - Younger driver (<30 yrs)older driver (=30 yrs)L
Diriver at fault - OLV at fault#/other vehicle fault
OLV-user exposure - occupants — 1/ >1%  Driver tired - fabigued - ves*# or no/unknown
Crash impact type: angled or - head-on *# / rollaver*# [ hit object*# / rear end*®
Driver distracted: ves or no/unknown L. Driver made error: ves*# or no/unknown
Driver experience - license status - non-standard* or standard
Scat belt use — worn/ not worn or not fitted*#

Legend:

* Unadjusted increased rask Factor for all casually crashes

i Unadpusted increased risk factor for a casualty crash
having a fatality sutcvme

L Not significant in the wnivariste analysis but supparted in
the literatire.

Analysis limitations

It is widely understood that the accuracy of such analyses is dependent on the availability of
data and accuracy of recording at time of the crash, usually by police officers. Inconsistent
reporting of whether the driver was participating in a work activity, severity of injury or other
important standard contextualfactors can lead to incomplete and often inaccurate databases
which under-report the severity of the issue (Clarke, Ward, Bartle, & Truman, 2005; McNoe,
Langley, & Feyer, 2005; Ward, Christie, & Walton, 2020). Itisalso important to recognise the
limitations of ethnicity coding if the personidentifies with multiple ethnicities and only one is
recorded at time of crash (Sultana, Robb, Ameratunga, & Jackson, 2007).

Further, data sourced from insurance claims or worker compensation claims are limited by
accurate self-reporting within organizations, drivers’ willingness to lodge a claim, or unclear
knowledge of claim eligibility, particularly for self-employed or grey fleet drivers (Boufous &
Williamson, 2009; Sultana, Robb, Ameratunga, & Jackson, 2007; Ward, Christie, & Walton,
2020).

There are clear trends in the literature around how work-related driving injury and fatality affect
people of different ages and genders, and a small amount on ethnicity. These trends are
summarised in this section.
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Age

The rate of fatal injuries or permanent disability after a work-related crash generally increases
with age, with the highest fatality rate occurring amongthose aged 65 years and older (Boufous
& Williamson, 2009; Driscoll, et al., 2005; Lilley, et al., 2021; McNoe, Langley, & Feyer, 2005;).
This age effect was attributed to the age profile of driving occupations and the increased risk of
fatal injury due to the physical effects of aging. Studies differed in their findings of which New
Zealand age group bore the highest burden in absolute numbers, but all fell between 35-54
years old (Lilley, et al., 2021; Sultana, Robb, Ameratunga, & Jackson, 2007).

Gender

Males are significantly over-represented in work-related fataland non-fatalinjury statistics
internationally and in New Zealand (Boufous & Williamson, 2009; Driscoll, et al., 2005; Lilley, et
al., 2021; McNoe, Langley, & Feyer, 2005; Sultana, Robb, Ameratunga, & Jackson, 2007), though
females may be more prominently featured in ‘company car’ crashes compared to other vehicle
types (Clarke, Ward, Bartle, & Truman, 2005). Furthermore, in an Australian study specific to
occupationallight vehicles (OLV), the authors found that females had anincreased risk of injury,
but not fatality, in OLV crashes. This was in part attributed to females being less likely to drive
load-shape occupational vehicles and instead more likely to drive car-shaped vehicles which
have a better chance of safety features and airbag deployment, which may increase the risk of
trauma, but protect from fatal injury (Stuckey, Glass, LaMontagne, Wolfe, & Sim, 2010).

Ethnicity

This demographicstatistic was not reported often across the different studies, however Lilley,
etal. (2021) reported that therate of work-traffic fatalities for Maoriworkers was almost three
times higher than other ethnic groups in New Zealand.

Contextualfactorsinvolved in work-related crashes identified in the literature tended to focus
on factors related to the driver and to their organisation. Where vehicle and environmental
factors were discussed, it was mainly in relation to freight and road haulage (Clarke, Ward,
Bartle, & Truman, 2005; Copsey, etal., 2010). In addition, Australian working drivers were found
to report that external factors were not as important as organisational or personalones
(Rowland, 2018).

The key findings related to driver and organisationalfactors reported in the literature are
summarised below. Notethat all findings are for work-related driving.

Driver factors

Fatigue

Fatigue has been identified as a common experience amongst drivers for work across multiple
industries (Anderson, et al., 2018; Friswell, Williamson, & Dunn, 2006; Husain, Mohamad, &
Idris, 2019; Marcus & Loughlin, 1996) and a significant factorin increasing the risk of severe and
fatal injuries (Boufous & Williamson, 2009; Clarke, Ward, Bartle, & Truman, 2005; Stuckey,
Glass, LaMontagne, Wolfe, & Sim, 2010). Further, itis noted that the effects and scale of fatigue
amongst professional driversis at risk of being severely underreported dueto issues in
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collection of contextual crash information, manifestation of fatigue in different crash factors
such as driver distraction or swerving, and reluctance of drivers to self-report fatigue (Clarke,
Ward, Bartle, & Truman, 2005; Friswell, Williamson, & Dunn, 2006).

Speeding

Speeding was also found to be a significantand common issue among work-drivers (Freeman,
Wishart, Davey, & Rowland, 2008; Hirsch, etal., 2017) and arisk factor which increases the
likelihood of severe and fatal injuries in driving for work crashes ((Boufous & Williamson, 2009;
Stuckey, Glass, LaMontagne, Wolfe, & Sim, 2010; Clarke, Ward, Bartle, & Truman, 2005;
Wishart, Somoray, & Evenhuis, 2017). While speeding was found to be the most common
driving violation incurred by working drivers, drivers report it to be their least problematic
driving behaviour (Freeman, Wishart, Davey, & Rowland, 2008; Newnam, Watson, & Murray,
2004). Further, Wishart, Somoray, & Evenhuis (2017) found that drivers who report thrill-
seeking and adventurous behaviourare more likely to display risky work driving such as
speeding. This behaviouralso seems to be regulated by the safety climate of the organisation.

Other driver factors associated with work-related traffic crashes

o Notwearing a seatbelt, iliness or otherimpairment (Copsey, etal., 2010; Hirsch, et al.,
2017; Lilley, et al., 2019)

e Driver distractions, such as mobile phones, maps, in-vehicle technology (Rowland, 2018;
Salmon & Lenné, 2015)

e ‘Reckless and Careless’, ‘Anxious’, and ‘Angry and Hostile’ driving styles can exacerbate
work stress and job strain, which are positively associated with increasing work traffic
crashes (Useche, Cendales, Alonso, & Orozco-Fontalvo, 2020)

e Employmentandvehicle type: Workers driving company cars, vans/pickups, and large
goods vehicles in the UK were more likely to be deemed at faultthan the other parties
they were involved in crashes with, for reasons of excess speed, observationalfailures,
andfatigue or vehicle defects respectively. In contrast, workers driving buses, taxis, and
emergency vehicles were more likely to be deemed victims of the road behaviour of
other parties (Clarke, Ward, Bartle, & Truman, 2005).

Organisational factors

Industries

People drivingfor work in the transport sector (including postal, warehousing, public utilities,
storage and communication) werefound to be the most frequent victims of driving forwork
fatalities and injuries in New Zealand (Driscoll, et al., 2005; Lilley, et al., 2021; Sultana, Robb,
Ameratunga, & Jackson, 2007). Interestingly, the construction industry in New Zealand was
foundto have higher driving for work fatality rates than Australia and the USA (Driscoll, et al.,
2005).

Somestudies also highlighted the varying needs and challenges of differentdriving forwork
industries. For example, gig economy and grey fleet workers (e.g., Uberdrivers) in the UK face
challenges related to blurring of the lines between self-employment and being part of an
organisation (Ward, Christie, & Walton, 2020). Taxidrivers in Australia and Malaysia have also
been found to experience high levels of both work stress and serious crash risk (Boufous &
Williamson, 2009; Husain, Mohamad, & Idris, 2019).
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Time pressure/Work demands

Risky and unsafedriving behaviouris found to be linked to the time pressureand stressfulwork
demands placed on work-drivers, with “productivity [taking] precedence over safety” (Rowland,
2018, p.205). Intransport and delivery industries, this time pressure can also be exerted by
customerand client stakeholders (Copsey, etal., 2011). Consistent work demands can also lead
to increasing effects of fatigue and reducing motivation to follow safe-driving behaviour
(Husain, Mohamad, & Idris, 2019).

Safety culture

A strongand defined safety culture within a driving for work organisation is found to strongly
influence organisational safety behaviourand reduce driving errors (Copsey, et al., 2010; Wills,
Watson, & Biggs, 2009; Wishart, Somoray, & Evenhuis, 2017). Theimportance of an
organisational understanding—from thedrivers to the fleet managers, to organisational safety
policies — is also highlighted (Newnam, Griffin, & Mason, 2008). Moreover, safety culturein
driving for work organisations may be particularly difficult to implement because many drivers
workindependently and are away from a fixed base of operations (Ward, Christie, & Walton,
2020).

As demonstrated by the findings above, whilesome influences on driving for work safety seem
clear, thereis still a significant knowledge gap in understandingtherange of contextualfactors
influencinginjury and fatality occurring while driving light vehicles for work. In particular, while
thereis a large amount of information on driver factors, it is highly variable and not necessarily
relevant to the New Zealand context, and there is very little on vehicle, environmental, and
wider contextual factors. Similarly, though anumber of organisational factors are identified, our
understanding of the upstream causes is limited beyond somekey recent studies. A holistic and
comprehensive systems approach is therefore required to understand the range of influences
on work-related road safety and to design appropriateinterventions (Rowland, 2018).

One way of considering the different levels at which we can seek to understand theinfluence of
differentfactorson WR MVTCis shown in Figure 2.

Figure 2: Levels of analysis of factors contributing to vehicle crashes

Contemporary Human

Factors system methods

Problem definiti Early systems methods
roblem definition -
- Safe System Why crash happened

- What happened
- Immediate context

- Size of problem

- Socio-technical system

- who, when, where approach

- Influences of system
components on others

One modelthat has been used to understand theimmediate context of different types of
crashes is the Safe System analysis framework used to examine Safe System factors in studies of
vehicle occupants not wearing seatbelts, pedestrian crashes, and differences between crashes
causing seriousinjury and those causing fatality (Hirsch, Mackie, Scott, & Thorne, 2018; Hirsch,
etal., 2017; Mackie, et al., 2017; Thorne, Hirsch, Blewden, & Mackie, 2020). These studies have
facilitated an understanding of the types of environmental, vehicle, and road user factors
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associated with injury and fatal crashes, and how multiple system factors come together in
crashes.

Taking the system approach a step furtheris research into the widerand upstream factors
influencing road safety, such as organisationalarrangements and government policies (Salmon
& Lenné, 2015; Salmon, 2020). Taking socio-technical and socio-ecological approaches, these
kinds of analyses have recently been carried outfor workplace safety related to people driving
heavy vehicles for work in New Zealand (Tedestedt George, 2018; Tedestedt George, et al.,
2021).

An example of a systems approach applied specifically to light vehicles used for work purposes
is the Occupational Light Vehicle (OLV)-usesystems model (Figure 3) developed by Stuckey,
LaMontagne, & Sim (2007).This model offers a framework by which the range of research
needs and policy and practice interventions can be determined, and looks at both the
immediate crash context and upstream factors. It attempts to simplify the complexities of and
recognises the relationship between the different spheres of influence on driving for work
safety - Drivers & Passengers; Vehicle; Road environment; Work arrangements; Local, National,
International, Publicpolicy (Wishart, 2015).

Figure 3: Occupational Light Vehicle OLV)-use systems model (Stuckey, LaMontagne, & Sim, 2007)

Locus of Injuries &
Fatalities:
Drivers & Passengers

The application of a systems analysis on driving for work research is supported by a recognition
in the literature of the value it provides to fully understand the scale of the issue and the range
of interventions at different scales needed to make animpact on safety (Copsey, etal., 2011,
Newnam & Watson, 2011; Useche, Cendales, Alonso, & Orozco-Fontalvo, 2020). Further,
Tedestedt George et al. (2021) recommend that methods for monitoringand mappingrisk and
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harm related to drivingfor work are improved, and that ways of sharing data are established to
leverage existing datafrom outside government and across government departments

The current research project seeks to develop and apply two levels of systems analysis to better
understand theimmediate and wider contextual factors associated with crashes while driving
forworkin light vehicles. This deeper understanding of factors within the light vehicle driving
forwork context will fill this knowledge gap and facilitate decision-makingaround how best to
reduce harm related to driving for work.

Adminaite, D. J. (2017). Tapping the potential for reducing work-related road deaths and
injuries. PIN Flash Report 33. Brussels: European Transport Safety Council.

Adminaite, D., Jost, G., Stipdonk, H., & Ward, H. (2017). Tapping the potential for reducing work-
related road deaths and injuries. PIN Flash Report 33. Brussels: European Transport
Safety Council.

Anderson, C., Ftouni, S., Ronda, J., Rajaratnam, S. M., Czeisler, C. A., & Lockley, S. W.(2018).
Self-reported drowsiness and safety outcomes while driving after an extended duration
work shiftin trainee physicians. Sleep, 41(2).

Boufous, S., & Williamson, A. (2009). Factors affecting the severity of work related traffic
crashes in drivers receiving a worker's compensation claim. Accident Analysis and
Prevention, 41,467-473.

Clarke, D.D., Ward, P., Bartle, C., & Truman, W. (2005). An in-depthstudy of work-related road
trafficaccidents - Road Safety Research Report 58. London, UK: Department for
Transport.

Copsey, N., Drupsteen, L., Kampen, J. v., Kuijt-Evers, L., Schmitz-Felten, E., & Verjans, M. (2010).
A review of accidents and injuries to road transport drivers. Luxembourg: European
Agency forSafety and Health at Work.

Copsey, S.,Rommel, A,, Cleal, Y., Kdrmeniemi, P., Stengard, J., Blobner, K., . . . Hassard, J. (2011).
Managing risks to drivers in road transport. Working Pa per. Bilbao, Spain: European
Agency forSafety and Health at Work.

Driscoll, T., Marsh, S., McNoe, B., Langley, J., Stout, N., Feyer, A.-M., & Williamson, A. (2005).
Comparison of fatalities from work related motorvehicle traffic incidents in Australia,
New Zealand, and the United States. Injury Prevention, 11, 294-299.

Freeman, J., Wishart, D., Davey, J., & Rowland, B. (2008). Driving safely for work: a study
investigating aberrant driving behaviours within a fleet setting. In M. Johnson (Ed.),
Proceedings of the 18th Canadiam Multidisciplinary Road Safety Conference, (pp. 1-12).
Whistler, Canada.

Friswell, R., Williamson, A., & Dunn, N. (2006). Driver perspectives on work, fatigue and
occupational health and safety in the light and short haulroad transpo rt sector. Sydney:
University of New South Wales, NSW Injury Rlsk Management Research Centre.

Hirsch, L., Mackie, H., Scott, R., & Thorne, R. (2018). Understanding the Safe System context
behind pedestrian roadtrauma in New Zealand. Wellington: Areport prepared by
Mackie Research for New Zealand Transport Agency.

MACKIE RESEARCH | CONTEXTUALFACTORS IN DRIVING FOR WORK CRASHES 82



Hirsch, L., Waters, G, Scott, R., Mackie, H., & de Pont, J. (2017). Vehicle occupants not wearing a
seatbelt: An analysis of fatalities and traffic offences in New Zealand. Wellington: A
report prepared for the AA Research Foundation.

Husain, N. A., Mohamad, J., & Idris, M. A. (2019). Daily emotional demands on trafficcrashes
among taxi drivers: Fatigue and safety motivation as mediators. IATSS Research, 43,
268-276.

Lilley, R., Maclennan, B., McNoe, B. M., Davie, G., Horsburgh, S., & Driscoll, T. (2021). Decade of
fatal injuries in workers in New Zealand: insights from a comprehensive national
observationalstudy. Injury Prevention, 27,124-130.

Lilley, R., McNoe, B., Davie, G., Horsburgh, S., Maclennan, B., & Driscoll, T. (2019).dentifying
opportunities to prevent work-related fatalinjury in New Zealand using 40 years of
coronial records: protocolfora retrospective case review study. /njury Epidemiology,
6(16). doi:https://doi.org/10.1186/s40621-019-0193 -z

Mackie, H., Gulliver, P., Scott, R., Hirsch, L., Ameratunga, S., & de Pont, J. (2017). Serious injury
crashes: How do they differ from fatalcrashes? What is the nature of injuries resulting
from them? Wellington: A report prepared for the AA Research Foundation.

Marcus, C. L., & Loughlin, G. M. (1996). Effect of sleep deprivation on driving safety in
housestaff. Sleep, 19(10), 763-766.

Mathern, C.(2019). Literature review of risk factors in the road freight transport industry.
Wellington: WorkSafe New Zealand.

Mathern, C.(2019). Literature review of risk factorsin the road freight transportindustry.
Wellington: WorkSafe New Zealand.

McNoe, B., Langley, J., & Feyer, A. (2005). McNoe, B., Langley, J. and Feyer, A.M., 2005. Work-
related fatal trafficcrashes in New Zealand: 1985-1998. The New Zealand Medical
Journal (Online), 118(1227).

McNoe, B., Langley, J., & Feyer, A. (2005). Work-related fatal trafficcrashes in New Zealand:
1985-1998.. The New Zealand MedicalJournal (Online), 118(1227).

McNoe, B., Langley, J., & Feyer, A.-M. (2005). Work-related fatal traffic crashesin New Zealand.
The New Zealand MedicalJournal, 118(1227).

Mitchell, B. &.(2014). Mitchell, R., Bambach, M., & Friswell, R. (2014). Work and non-work-
related vehicle crashes: The contribution of risky driving practices. Safety Science, 68,
65-72.

Mitchell, R., Bambach, M., & Friswell, R. (2014). Work and non-work-related vehicle crashes:
The contribution of risky driving practices. Safety Science, 68, 65-72.

Montoro, L., Useche, S., Alonso, F., & Cendales, B. (2018). Work environment, stress, and driving
anger: A structural equation model for predicting traffic sanctions of public transport
drivers. International journal of environmental research and public health, 15(3), 497.

Newnam, S. A., & Watson, B. C.(2011). Work-related driving safety in light vehicle fleets: a
review of past research and the development of an intervention framework. Safety
Science, 49(3), 369-381.

Newnam, S., Griffin, M. A., & Mason, C. (2008). Safetyin work vehicles: A multilevel study
linking safety values and individual predictors to work-related driving crashes. Journal of
Applied Psychology, 93(3), 632-644.

MACKIE RESEARCH | CONTEXTUALFACTORS IN DRIVING FOR WORK CRASHES 83



Newnam, S., Watson, B., & Murray, W. (2004). Factors predicting intentions to speed in work
and personal vehicle. Transportation ResearchPartF, 7,287-300.

Rowden, P.J., Matthews, G., Watson, B. C., & Biggs, H. C. (2011). Therelative impact of work -
related stress and driving environment stress on driving outcomes. Accident Analysis
and Prevention, 43(4),1332-1340.

Rowland, B.(2018). An exploration into work-related road safety: Amulti-dimensional approach.
A PhDthesis at the Centre for Accident Research and Road Safety. Brisbane: Queensland
University of Technology.

Rowland, B., Wishart, D., & Davey, J. (2005). Occupationalfleet safety research: A case study
approach. Proceedings 13thAnnual Occupational Health and Safety Conference (Visions
2005). Cairns.

Safe Work Australia. (2017). Safe Work Australia. (2017). Work-related traumaticinjury
fatalities, Australia.

Safe Work Australia. (2017). Work-relatedtraumaticinjury fatalities, Australia. Canberra: Safe
Work Australia.

Salmon, P. &. (2015). Miles away orjust around the corner? Systems thinking in road safety
research and practice. Accident Analysis and Prevention, 74, 243-249.

Salmon, P. H. (2020). The big picture on accident causation: A review, synthesis and meta-
analysis of AcciMap studies. Safety Science, 126, doi.org/10.1016/].ssci.2020.104650.

Salmon, P. M., & Lenné, M. G. (2015). Miles away orjust around the corner? Systems thinkingin
road safety research and practice. Accident; analysis and prevention, 74,243-249.

Stuckey, R., Glass, D., LaMontagne, A., Wolfe, R., & Sim, M. (2010). Risk factors for workerinjury
and death from occupational light vehicles crashesin New South Wales (Australia).
American Journalof Industrial Medicine, 53,931-939.

Stuckey, R., LaMontagne, A. D., & Sim, M. (2007). Workingin light vehicles - A review and
conceptual modelfor occupationalhealth and safety. Accident Analysis and Prevention,
39,1006-1014.

Stuckey, R., LaMontagne, A. D., Glass, D. C., & Sim, M. R. (2010). Occupationallight vehicle use:
characterising the at-risk population. Journal of health & safety research & practice,
2(1),17-28.

Sultana, S., Robb, G., Ameratunga, S., & Jackson, R. T. (2007).Non-fatalwork-related motor
vehicle trafficcrash injuries in New Zealand: analysis of national claims database. The
New Zealand MedicalJournal, 120(1267).

Tedestedt George, C. (2018). An Inquiry into Contextual Factors Impacting the Occupational
Health, Safety, and Well-Being of New Zealand Truck Drivers: An Ecological Systems
Approach. PhD Thesis at the Auckland University of Technology.

Tedestedt George, C. M. (2021). Managing vehicle-related risks from supply chain pressures. .
Wellington: Areport prepared for WorkSafe.

Tedestedt George, C., Mackie, H., Ashby, L., Hirsch, L., Tappin, D., Lamm, F., & Crawford, J.
(2021).Managing vehicle-related risks from supply chain pressures. Wellington: Areport
prepared for WorkSafe.

MACKIE RESEARCH | CONTEXTUALFACTORS IN DRIVING FOR WORK CRASHES 84



Thorne, R., Hirsch, L., Blewden, J., & Mackie, H. (2020). Understanding the Safe System context
behind pedestrian roadtrauma in Auckland in 2018. Auckland: Areport prepared by
Mackie Research for Auckland Transport.

Useche, S. A., Cendales, B., Alonso, F., & Orozco-Fontalvo, M. (2020). Amatter of style? Testing
the moderating effect of driving styles on the relationship between job strain and work-
related crashes of professionaldrivers. Transport Research PartF, 72,307-317.

Ward, H., Christie, N., & Walton, B. (2020). Driving for work: Astrategic review of risks
associated with cars and light vans and implications for p olicy and practice. London, UK:
UCL Civil, Environmentaland Geomatic Engineering.

Williamson, A., Friswell, R., & Dunn, N. (2006). Company perspectives on work, fatigue and
occupational health and safety in the light and short haulroad transport sector. Sydney:
University of New South Wales, NSW Injury Risk Management Research Centre.

Wills, A. R., Watson, B. C., & Biggs, H. C. (2009). An exploratory investigation into safety climate
and work-related driving. A Journalof Prevention, Assessment & Rehabilitation, 32(1),
81-94.

Wishart, D. (2015). Thechallenge of developing a fleet driving risk assessment tool: what can be
learned from the process? Queensland University of Technology.

Wishart, D., Rowland, B., Freeman, J., & Davey, J. (2011). Driving for work: A series of
organisationalauditresults. In D. Healey (Ed.), Proceedings of the ACRS National
Conference 2011, (pp. 1-12). Australiasian College of Road Safety.

Wishart, D., Somoray, K., & Evenhuis, A. (2017). Thrilland adventure seeking in risky driving at
work: The moderating role of safety climate. Journalof Safety Research, 63,83-89.

MACKIE RESEARCH | CONTEXTUALFACTORS IN DRIVING FOR WORK CRASHES 85



APPENDIX C: CLUSTER ANALYSIS

DFW ANALYSIS

Eileen Li

Jan 2022

Multiple Correspondence Analysis

Multiple correspondence analysis was applied to level 1 priority variables - that s,
applying numerical transformation on categorical variables: age group, occupation
classification, land use, crash impact type, crash severity, vehicle type, etc.
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Hierarchical Clustering

Hierarchical Classification
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Factor map
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Factor map

cluster
[#] 1
(4] 2
(m] 3

Dim2 (4.7%)

-0.5 0.0 I:I.IE 1.0 15
Dim1 (7.1%)

e Number of vehicles involved:
—  Cluster 1: two and more vehicles. 80% of crash cases in Cluster 1
involved 2 vehicles, and 20% involved 3 vehicles.
—  Cluster 2: two and less vehicles. 75% of crash cases in Cluster 2 involved
only 1 vehilce, and 25% involved 2 vehicles.
—  Cluster 3: purely 1 vehicle crashes.
. Occupation:
— Athird of Cluster 1 is made up of Machinery operators and drivers (Level
7), followed by Technicians and trades workers (Level 3, 22%) then
Unknown occupations (14%).
—  Half of Cluster 2 is made of Machinery operators and drivers (Level 7),
then Unknown (23%) and Level 3 Technicians and trades workers (17%).
—  Nearly a third of Cluster 3 is made up of Labourers (Level 8), followed by
Machinery operators and drivers (Level 7, 28%) then Technicians and
trades workers (Level 3, 18%).
e Agegroup:
— A quarter of Cluster 1 DFW drivers are aged between 25-34, followed by
55-64 (23%) then 45-54 (16%) and 35-44 (15%). The average age for this
clusteris 44.
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A quarter of Cluster 2 DFW drivers are aged between 55-64, followed by
45-54 (23%), then 25-34 (17%) and 35-44 (17%). The average age for this
cluster is 48.

Cluster 3 has less DFW drivers aged between 35-44 (10%), 23% are aged
25-34 and another 23% are aged 45-54. The average age for this cluster
is44.

Other party vehicle type:

Cluster 1: 54% cars, 15% SUV or ute, 12% motorcycles. For the third
party involved in crash, most are cars.

Cluster 2: 76% pedestrians, 23% bicycles and 1% motorcycles.
Cluster 3: none, since this cluster doesn’t not involve any other party.

Other party mode:

Cluster 1: 86% driving and 11% motorcycling.
Cluster 2: 99% active traveling and 1% motorcycling.
Cluster 3: mostly NA, 1 driving.

Other party presence of alcohol or drugs:

Cluster 1: majority no (67%), 13% unknown and 13% suspected, 7% yes.
Cluster 2: majority unknown (73%), 20% no and 6 % yes.
Cluster 3: NA, since no other party involved.

Other party injury level:

Cluster 1: relatively evenly distributed, more than 50% minor injured or
not injured.

Cluster 2: mostly seriously injured or fatal (79%).

Cluster 3: NA, no other party involved.

Other party distraction or inattention:

Cluster 1: No (51%) vs. Yes (39%).
Cluster 2: No (35%) vs. Yes (48%).
Cluster 3: NA, no other party involved.

Injury level (DFW driver):

Cluster 1: more than half (54%) no injury, 29% minor injury.
Cluster 2: 99% no injury.
Cluster 3: more than half (53%) seriously injured or fatal.

Land use group:

Cluster 1: 50% rural, 29% urban.

Cluster 2: 41% urban, 23% commercial strip shopping and 15%
commercial big box / industrial.

Cluster 3: 78% rural then 10% urban.

Vehicle type group:

Cluster 1: dominant vehicle types: van (26%), car (23%) and SUV or ute
(23%).

Cluster 2: dominant vehicle types: bus (32%) and Van (23%).

Cluster 3: dominant vehicle types: van (33%) and light truck (25%).
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Number of Vehicles Involved

150 -

100- ) .
Mumber.of vehicles.involved

O
| E
| K

count

9 2 3
cluster

myvar Freq_ 1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc_3

1 0 54 40 0.00 57.45 4255
2 152 17 0 89.94 10.06 0.00
3 37 0 0 100.00 0.00 0.00

myvar Freq 1 Freq 2 Freq_ 3 Perc_1 Perc_2 Perc_ 3

1 0 54 40 0.00 76.06 100
2 152 17 0 8042 2394 0
3 37 0 0 19.58 0.00 0
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60 -

40-

count

Occupation._classification

. 1-Managers

. 2-Professionals

3 -Technicians and trades workers

4 - Community and personal service workers

5 - Clerical and administrative waorkers

G - Sales warkers

20- . 7 - Machinery operators and drivers
. 8- Labourers
. Unknown
0-
L
cluster
myvar Freq_1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc 3
1-Managers 8 0 1 88.89 0.00 11.11
2 - Professionals 6 0 2 75.00 0.00 25.00
3 - Technicians and trades 42 12 7 6885 19.67 1148
workers
4 - Community and personal 20 3 1 8333 12.50 4.17
service workers
5 - Clerical and administrative 5 0 0 100.00 0.00 0.00
workers
6 - Sales workers 5 1 1 7143 1429 14.29
7 - Machinery operators and 63 36 11 57.27 32,73 10.00
drivers
8 - Labourers 13 3 12 4643 10.71 42.86
Unknown 27 16 5 56.25 33.33 10.42
myvar Freq_ 1 Freq 2 Freq 3 Perc_ 1 Perc_ 2 Perc 3
1-Managers 8 0 1 4.23 0.00 2.5
2 - Professionals 6 0 2 3.17 0.00 5.0
3 - Technicians and trades 42 12 7 2222 16.90 17.5
workers
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myvar

Freq_1 Freq 2 Freq 3 Perc_1 Perc_ 2 Perc 3

4 - Community and personal
service workers

5 - Clerical and administrative
workers

6 - Sales workers

7 - Machinery operators and
drivers

8 - Labourers

Unknown

20 3
5 0
5 1

63 36

13 3

27 16

1

1
11

12
5

10.58

2.65

2.65
33.33

6.88
14.29

4.23

0.00

1.41
50.70

4.23
22.54

2.5

0.0

2.5
27.5

30.0
12.5
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Total number of parties

150 -
100 -
Total.number of parties
= o
o | E
_E
50 -

2 3
cluster

—

myvar Freq_ 1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc_3

1 0 0 40 0.00 0.00 100
2 149 68 0 6866 31.34 0
3 40 3 0 93.02 6.98 0

myvar Freq 1 Freq 2 Freq_ 3 Perc_1 Perc_2 Perc_ 3

1 0 0 40 0.00 0.00 100
2 149 68 0 7884 9577 0
3 40 3 0 21.16 4.23 0
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Age Group

count

2

Missing

cluster
myvar  Freq_1 Freq 2 Freq 3 Perc_ 1 Perc_2 Perc 3
>75 3 1 2 50.00 16.67 33.33
16-24 21 3 6 70.00 10.00 20.00
25-34 47 12 9 69.12 1765 13.24
35-44 29 12 4 6444  26.67 8.89
45-54 30 16 9 5455 29.09 16.36
55-64 43 18 6 64.18 26.87 8.96
65-74 13 9 4 50.00 3462 1538
Missing 3 0 100.00 0.00 0.00
myvar  Freq_ 1 Freq 2 Freq_3 Perc_1 Perc 2 Perc_ 3
>75 3 1 2 1.59 1.41 5.0
16-24 21 3 6 11.11 4.23 15.0
25-34 47 12 9 2487 16.90 22.5
35-44 29 12 4 1534 16.90 10.0
45-54 30 16 9 1587 22.54 22.5
55-64 43 18 6 2275 2535 15.0
65-74 13 4 6.88 12.68 10.0
Missing 3 0 1.59 0.00 0.0
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Vehicle Type Other Party 1

100 -
Vehicle type.1.grp
. Bicycle
75- T Bus
. Car
. B Lignt truck (6000kg)
§ 50 - . Mediumiheavy truck(=6000kg)
° . Matarcycle
. NIA
95 - . Mone (i.e. pedestrian)
. SUV or Ute
. Van
0-
]
cluster
myvar Freq_1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc 3
Bicycle 3 16 0 1579 84.21 0
Bus 2 0 0 100.00 0.00 0
Car 102 0 0 100.00 0.00 0
Light truck (=6000kg) 4 0 0 100.00 0.00 0
Medium/heavy 13 0 0 100.00 0.00 0
truck(>6000kg)
Motorcycle 22 1 0 95.65 4.35 0
N/A 0 0 40 0.00 0.00 100
None (i.e. pedestrian) 54 0.00 100.00
SUV or Ute 29 100.00 0.00
Van 14 100.00 0.00
myvar Freq_.1 Freq 2 Freq 3 Perc_1 Perc_ 2 Perc 3
Bicycle 3 16 0 1.59 22.54 0
Bus 2 0 1.06 0.00 0
Car 102 0 5397 0.00 0
Light truck (=6000kg) 4 0 0 2.12 0.00 0
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myvar

Freq_1 Freq 2 Freq 3 Perc_1 Perc_ 2 Perc 3

Medium/heavy
truck(>6000kg)

Motorcycle

N/A

None (i.e. pedestrian)
SUV or Ute

Van

13

22

29
14

0

54

0

0
40
0
0
0

6.88

11.64
0.00
0.00

15.34
7.41

0.00

141
0.00
76.06
0.00
0.00

0

100
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Other Party Mode

150 -
other party mode
100 - . Active Travel

E . Driving

B Driving+

. Matarcycling
50 - L
0-
1 2 3
cluster

myvar Freq_1 Freq_ 2 Freq_3 Perc_1 Perc_2 Perc_3
Active Travel 3 70 0 411 95.89 0.00
Driving 163 0 1 99.39 0.00 0.61
Driving+ 2 0 0 100.00 0.00 0.00
Motorcycling 21 1 0 95.45 4.55 0.00
NA 0 0 39 0.00 0.00 100.00
myvar Freq_.1 Freq 2 Freq 3 Perc_1 Perc_ 2 Perc_ 3
Active Travel 3 70 0 1.59 98.59 0.0
Driving 163 0 1 86.24 0.00 2.5
Driving+ 2 0 0 1.06 0.00 0.0
Motorcycling 21 1 0 1111 1.41 0.0
NA 0 0 39 0.00 0.00 97.5
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Other Party Presence of Alcohol or Drugs

100 -
other party_alcohol drugs
2 o
E . Suspected
3 . Unknown
50 - L ves
B e
D_
1 2 3
cluster
myvar Freq_1 Freq_2 Freq 3 Perc_ 1 Perc_2 Perc 3
No 126 14 0 90.00 10.00 0
Suspected 24 1 0 96.00 4.00 0
Unknown 25 52 0 3247 67.53 0
Yes 14 4 0 7778 22.22 0
myvar Freq_1 Freq 2 Freq 3 Perc_ 1 Perc_2 Perc 3
No 126 14 0 66.67 19.72 NaN
Suspected 24 1 0 12.70 1.41 NaN
Unknown 25 52 0 13.23 7324 NaN
Yes 14 4 0 7.41 5.63 NaN
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Other Party Driver Licence

126-
100 -
other_party licence type
75" . Full
E . LIRes
3 Other
207 SusiMo
A
25-
':I -
1 2 3
cluster
myvar Freq_1 Freq_2 Freq_ 3 Perc_1 Perc_2 Perc_3
Full 120 1 0 99.17 0.83 0
L/Res 31 0 0 100.00 0.00 0
Other 23 0 0 100.00 0.00 0
Sus/No 12 0 0 100.00 0.00 0
myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_ 2 Perc_ 3
Full 120 1 0 6452 100 NaN
L/Res 31 0 0 16.67 0 NaN
Other 23 0 0 1237 NaN
Sus/No 12 0 0 6.45 NaN
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Other Party Injury Level

count

other_party injury level

. Fatal
. Minar Injury

Ma Injury
Serious Injury
MA

1 2 3
cluster
myvar Freq_1 Freq_2 Freq_3 Perc_1 Perc_2 Perc_3
Fatal 37 26 0 5873 41.27 0
Minor Injury 52 13 0 80.00 20.00 0
No Injury 57 2 0 96.61 3.39 0
Serious Injury 43 30 0 5890 41.10 0
myvar Freq_1 Freq 2 Freq_3 Perc_1 Perc_2 Perc 3
Fatal 37 26 0 1958 36.62 NaN
Minor Injury 52 13 0 2751 1831 NaN
No Injury 57 2 0 30.16 2.82 NaN
Serious Injury 43 30 0 2275 42.25 NaN
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Crash Impact Type

75-

Crash.impact type

. Head on
. I it object
o . Other
° . Rear end

. Rollover

25- . Sidefangled impact
0-
1 2
cluster

myvar Freq_1 Freq 2 Freq_3 Perc_1 Perc_2 Perc_3
Head on 50 44 0 5319 46.81 0.00
Hit object 2 1 17 10.00 5.00 85.00
Other 6 12 5 2609 5217 21.74
Rear end 39 90.70 9.30 0.00
Rollover 0 0 16 0.00 0.00 100.00
Side/angled impact 92 10 2 88.46 9.62 1.92
myvar Freq_.1 Freq 2 Freq_ 3 Perc_1 Perc_ 2 Perc_ 3
Head on 50 44 0 2646 61.97 0.0
Hit object 2 1 17 1.06 1.41 42.5
Other 6 12 5 3.17 16.90 12.5
Rear end 39 0 20.63 5.63 0.0
Rollover 0 0 16 0.00 0.00 40.0
Side/angled impact 92 10 2 48.68 14.08 5.0
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Other Party Evidence of Distraction Inattention

100 -
75-
other party distraction.inattention
- B o
-
3 307 . Unsure
O
. Yes
M
25-

1 2 3
cluster

myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_2 Perc_3

No 97 25 0 7951 20.49 0
Unsure 19 12 0 6129 3871 0
Yes 73 34 0 6822 31.78 0

myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_ 2 Perc_3

No 97 25 0 5132 3521 NaN
Unsure 19 12 0 10.05 16.90 NaN
Yes 73 34 0 3862 47.89 NaN
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150 -

Vehicle type 2 grp

. Car

100 -

. Medium/heavy truck(=a000kg)
E . Motorcycle
o | I

. Maone (i.e. pedestrian)

50 - I suvorute
. Van
':I -
]
cluster

myvar Freq_1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc 3
Car 24 0 0 100.00 0.00 0.00
Medium/heavy 5 0 0 100.00 0.00 0.00
truck(>6000kg)
Motorcycle 2 0 0 100.00 0.00 0.00
N/A 154 68 40 58.78 2595 15.27
None (i.e. pedestrian) 0.00 100.00 0.00
SUV or Ute 100.00 0.00 0.00
Van 1 0 100.00 0.00 0.00
myvar Freq_1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc 3
Car 24 0 0 12.70 0.00 0
Medium/heavy 5 0 0 2.65 0.00 0
truck(>6000kg)
Motorcycle 2 0 0 1.06 0.00 0
N/A 154 68 40 81.48 95.77 100
None (i.e. pedestrian) 3 0 0.00 4.23
SUV or Ute 0 1.59 0.00
Van 1 0 0.53 0.00
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Injury Level

100 -

T5-

count

Injury level

" Fatal

. Minor Injury
. Mo Injury
. Serious Injury

Freq_2 Freq_3 Perc_1 Perc_2 Perc_3

Freq_2 Freq_3

0.00 52.00
139 22.22
40.00 1.71
0.00  28.57

Perc 2 Perc_3

myvar Freg_1
Fatal 12
Minor Injury 55
No Injury 102
Serious Injury 20
myvar Freg_1
Fatal 12
Minor Injury 55
No Injury 102
Serious Injury 20

0.00 32.5
1.41 40.0
98.59 7.5
0.00 20.0
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Vehicle Type Group

50-

40-
Vehicle type grp

. Bus
307 . Car

§ . Light truck

° 20 - . Other truck
. SUV or Ute
. Van

10-
0-
1 2 3
cluster

myvar Freq_1 Freq_2 Freq 3 Perc_1 Perc_2 Perc 3

Bus 29 23 4 5179 41.07 7.14

Car 43 14 4 7049  22.95 6.56

Light truck 21 7 10 55.26 1842 26.32

Other truck 4 3 2 4444 3333 2222

SUV or Ute 43 8 7 7414 1379 12.07

Van 49 16 13 62.82 20.51 16.67

myvar Freq_1 Freq 2 Freq 3 Perc_ 1 Perc_ 2 Perc_ 3

Bus 29 23 4 1534 32.39 10.0

Car 43 14 4 2275 19.72 10.0

Light truck 21 7 10 11.11 9.86 25.0

Other truck 4 3 2 2.12 4.23 5.0

SUV or Ute 43 8 7 2275 11.27 17.5

Van 49 16 13 2593 2254 325
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Land Use Group

Th-
Land use.grp
. Commercial big box! industrial
E 50 - . Commercial Strip Shopping
3 . Other
. Rural
. Urban
25-
':I -
1 2
cluster
myvar Freq_1 Freq_ 2 Freq_3 Perc_1 Perc_2 Perc_3
Commercial big box/ industrial 18 11 1 6000 36.67 3.33
Commercial Strip Shopping 3 16 2 1429 76.19 9.52
Other 18 9 2 62.07 31.03 6.90
Rural 95 31 71.97 455 23.48
Urban 55 29 4 6250 32.95 455
myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_ 2 Perc 3
Commercial big box/ industrial 18 11 1 9.52 15.49 2.5
Commercial Strip Shopping 3 16 2 159 22.54 5.0
Other 18 9 2 9.52 12.68 5.0
Rural 95 31 50.26 8.45 77.5
Urban 55 29 4 2910 40.85 10.0
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Restraint Worn

150 -
1007 Restraint._worn
- o
B . Lncertain
. Yes
50 -
1 2 3
cluster

myvar Freq_1 Freq_2 Freq_3 Perc_1 Perc_2 Perc 3

No 17 15 10 4048 35771 23.81
Uncertain 17 20 5 4048 4762 11.90
Yes 155 36 25 7176 16.67 11.57

myvar Freq_1 Freq_ 2 Freq_3 Perc_1 Perc_2 Perc 3

No 17 15 10 8.99 21.13 25.0
Uncertain 17 20 5 8.99 28.17 12.5
Yes 155 36 25 82.01 50.70 62.5
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Driving Hours Group

100-
Driving_hours.grp
. ==10
*g . 0-5
o N a7
50 - M s
. Missing

9 2 3
cluster

myvar  Freq_ 1 Freq_ 2 Freq 3 Perc 1 Perc_2 Perc_3

>=10 0 2 1 0.00 66.67 33.33
0-5 53 14 14 6543 17.28 17.28
6-7 4 3 0 57.14 42.86 0.00
8-9 0 5 0 0.00 100.00 0.00
Missing 132 47 25 6471 23.04 12.25

myvar  Freq_1l Freq_2 Freq_3 Perc 1 Perc 2 Perc_3

>=10 0 2 1 0.00 2.82 2.5
0-5 53 14 14 28.04 19.72 35.0
6-7 4 3 0 2.12 4.23 0.0
8-9 0 5 0 0.00 7.04 0.0
Missing 132 47 25 69.84 66.20 62.5
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Crash Time Hour

Crash.time_hour

oo [ 12

01 13

4 e e o
b S = T & B 5

= T s e = T &) T ™ TE R %
=
1=}

—h
oo

- = o o O o O o O O

-4
BoRRE

myvar Freq_ 1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc_3
00 13 4 2 6842 2105 10.53
01 19 5 3 7037 1852 1111
02 13 10 2 52.00 40.00 8.00
03 19 4 4 7037 1481 1481
04 11 3 1 73.33 20.00 6.67
05 8 4 0 66.67 33.33 0.00
06 5 1 2 6250 1250 25.00
07 3 2 0 60.00 40.00 0.00
08 2 1 0 66.67 33.33 0.00
09 4 1 1 66.67 16.67 16.67
10 3 1 0 75.00 25.00 0.00
11 1 1 0 50.00 50.00 0.00
12 3 0 2 60.00 0.00  40.00
13 2 1 1 50.00 25.00 25.00
14 0 2 0 0.00 100.00 0.00
15 1 1 2 25.00 25.00 50.00
16 1 1 1 3333 3333 3333
17 7 1 3 63.64 9.09 27.27

MACKIE RESEARCH | CONTEXTUAL FACTORS IN DRIVING FOR WORK CRASHES

112



myvar Freq_1 Freq_ 2 Freq_3 Perc_1 Perc_2 Perc_3
18 15 5 2  68.18 2273 9.09
19 15 10 7 46.88 31.25 21.88
20 19 5 1 76.00 20.00 4.00
21 3 2 6154 2308 15.38
22 3 3 5714 2143 2143
23 2 1 7500 16.67 8.33
myvar Freq_1 Freq_ 2 Freq_3 Perc_1 Perc_ 2 Perc_3
00 13 4 2 6.88 5.63 5.0
01 19 5 3 10.05 7.04 7.5
02 13 10 2 6.88 14.08 5.0
03 19 4 4 10.05 5.63 10.0
04 11 3 1 5.82 4.23 2.5
05 8 4 0 4.23 5.63 0.0
06 5 1 2 2.65 1.41 5.0
07 3 2 0 1.59 2.82 0.0
08 2 1 0 1.06 1.41 0.0
09 4 1 1 2.12 1.41 2.5
10 3 1 0 1.59 1.41 0.0
11 1 1 0 0.53 1.41 0.0
12 3 0 2 1.59 0.00 5.0
13 2 1 1 1.06 1.41 2.5
14 0 2 0 0.00 2.82 0.0
15 1 1 2 0.53 1.41 5.0
16 1 1 1 0.53 1.41 2.5
17 7 1 3 3.70 1.41 7.5
18 15 5 2 7.94 7.04 5.0
19 15 10 7 7.94  14.08 17.5
20 19 5 1 10.05 7.04 2.5
21 3 2 4.23 4.23 5.0
22 3 3 4.23 4.23 7.5
23 9 2 1 4.76 2.82 2.5
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Crash Severity

count

Crash severity

. Fatal Crash
. Minor Crash
. Serious Crash

1 2
cluster
myvar Freq_1 Freq_ 2 Freq_ 3 Perc_1 Perc_ 2 Perc_3
Fatal Crash 59 26 15 59 26 15
Minor Crash 72 12 16 72 12 16
Serious Crash 58 33 9 58 33 9
myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc 2 Perc_3
Fatal Crash 59 26 15 3122 36.62 37.5
Minor Crash 72 12 16 38.10 16.90 40.0
Serious Crash 58 33 9 30.69 46.48 22.5
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Safety Rating

count

2
cluster

safety rating

. Mo rating

myvar Freq_1 Freq 2 Freq 3 Perc_1 Perc_2 Perc 3
1 12 3 2 70.59 1765 11.76
2 40 15 5 66.67 25.00 8.33
3 27 7 69.23 1282 17.95
4 21 7 6364 1515 21.21
5 46 16 2 71.88 25.00 3.12
No rating 43 27 17 49.43 31.03 19.54
myvar Freq_1 Freq 2 Freq 3 Perc_1 Perc 2 Perc_3
1 12 3 2 6.35 4.23 5.0
2 40 15 5 2116 21.13 12.5
3 27 7 14.29 7.04 17.5
4 21 7 1111 7.04 17.5
5 46 16 2 2434 2254 5.0
No rating 43 27 17 2275 38.03 42.5
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Max Other Party Post Speed Ratio Group

75~
max.other post. speed.ratio.grp
42 50+ o 0-08
-
2 M o5
O
L BE
. Missing
25-

1 2 3
cluster

myvar  Freq_ 1 Freq_ 2 Freq 3 Perc 1 Perc_2 Perc_3

0-0.5 39 9 0 8125 1875 0.00
05-1 89 2 0 97.80 2.20 0.00
1+ 16 0 0 100.00 0.00 0.00
Missing 45 60 40 31.03 4138 27.59

myvar  Freq_ 1 Freq 2 Freq 3 Perc 1 Perc_2 Perc 3

0-0.5 39 9 0 20.63 12.68 0
05-1 89 2 0 47.09 2.82 0
1+ 16 0 0 8.47 0.00 0
Missing 45 60 40 23.81 8451 100
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Traffic Control

100-
Traffic_control
e . Give way sign
-
2 B i
O
. Stop sign
50 -
. Traffic signals
':I -
1 2 3
cluster
myvar Freq_1 Freq_ 2 Freq_ 3 Perc_1 Perc_2 Perc 3
Give way sign 30 10 2 7143 2381 4.76
Nil 131 45 36 6179 21.23 16.98
Stop sign 19 4 0 8261 17.39 0.00
Traffic signals 9 12 2 39.13 5217 8.70
myvar Freq_1 Freq 2 Freq_ 3 Perc_ 1 Perc_2 Perc 3
Give way sign 30 10 2 1587 14.08 5
Nil 131 45 36 69.31 63.38 90
Stop sign 19 4 0 10.05 5.63 0
Traffic signals 9 12 2 476  16.90
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Ratio Post Speed Group

75—

count

25-

myvar  Freq_1

2
cluster

Freq_2 Freq_3

ratio_post speed.grp

" 0-05
. 0.5-1
o -
. Missing

Perc_1 Perc_2 Perc_3

0-0.5 59 28 5 6413 3043 5.43
05-1 89 26 20 6593 19.26 14.81
1+ 5 2 3 50.00 20.00 30.00
Missing 36 15 12 57.14 23.81 19.05
myvar  Freq_ 1 Freq 2 Freq 3 Perc 1 Perc_2 Perc 3
0-0.5 59 28 5 3122 3944 12.5
05-1 89 26 20 47.09 36.62 50.0
1+ 5 2 3 2.65 2.82 7.5
Missing 36 15 12 19.05 21.13 30.0
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Ratio SAAS Speed Group

60 -

ratio.saas.speed.grp
" o0-0s

. 05-1

o -

. Missing

count

1 2 3
cluster

myvar  Freq_ 1 Freq_ 2 Freq 3 Perc 1 Perc_2 Perc_3

0-0.5 53 25 4 6463 30.49 4.88
05-1 67 20 15 6569 1961 1471
1+ 33 8 9 66.00 16.00 18.00
Missing 36 18 12 5455 27.27 18.18

myvar  Freq_ 1 Freq 2 Freq 3 Perc 1 Perc_2 Perc 3

0-0.5 53 25 4 28.04 3521 10.0
05-1 67 20 15 3545 28.17 37.5
1+ 33 8 9 17.46 11.27 22.5
Missing 36 18 12 19.05 25.35 30.0
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Presence of Alcoholor Drugs

150 -
100 - Fresence. of alcohol OR._drugs
- B o
-
= . Suspected
O

. LInknown
50 - . Yes

cluster

myvar Freq_1 Freq_2 Freq 3 Perc_ 1 Perc_2 Perc 3

No 155 60 25 6458 25.00 1042
Suspected 14 5 4 6087 2174 17.39
Unknown 14 6 8 50.00 21.43 2857
Yes 6 0 3  66.67 0.00 33.33

myvar Freq_1 Freq 2 Freq 3 Perc_ 1 Perc_2 Perc 3

No 155 60 25 82.01 8451 62.5
Suspected 14 5 4 7.41 7.04 10.0
Unknown 14 6 8 7.41 8.45 20.0
Yes 6 0 3 3.17 0.00 7.5
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Evidence of Fatigue

150 -
Evidence of fatigue
§ Ma
o . Unsure

. Yes

50-

1 2 3
cluster

myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_2 Perc_3

No 172 65 31 64.18 2425 1157
Unsure 8 4 2 5714 2857 14.29
Yes 9 2 7 50.00 11.11 38.89

myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_ 2 Perc_3

No 172 65 31 91.01 91.55 77.5
Unsure 8 4 2 4.23 5.63 5.0
Yes 9 2 7 4.76 2.82 17.5
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DFW evidence of distration or inattention

a0 -
Evidence. of distraction.inattention
S 60- . No
B . nsure

. Yes

a0-

cluster

myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_2 Perc_3

No 113 33 14 70.62 20.62 8.75
Unsure 13 7 12 40.62 21.88 37.50
Yes 63 31 14 5833 2870 12.96

myvar Freq_1 Freq 2 Freq_ 3 Perc_1 Perc_ 2 Perc_3

No 113 33 14 59.79 46.48 35
Unsure 13 7 12 6.88 9.86 30
Yes 63 31 14 33.33 43,66 35
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