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Abstract

Work-related road safety is a government priority. A Safe System analysis of 300 driving
for work (DFW) crashes was carried out, along with an exploratory socio-technical analysis
of one significant case to better understand the context around DFW crashes. The Safe
System analysis showed three distinct crash types: 1) multiple vehicle crashes often
involving work vans, utes, and SUVs in side impact crashes; 2) vulnerable road users often
involving professional drivers; and 3) single vehicle crashes involving people driving vans
or light trucks for work losing control on rural roads with fatigue, non-seat belt use, and
speed often implicated. There was a range of unique characteristics of DFW crashes, in
particular, injuries to others who were implicated in DFW crashes but not those DFW
themselves. Socio-technical systems analyses show promise for understanding the context
around DFW crashes, but arrangements for better data access, coordination, and use are

needed.

Key Findings

the influence of different systems factors

crashes

» The characteristics of driving for work (DFW) crashes differed from non-work related crashes, suggesting

» DFW crashes were most often linked to multiple failures across the Safe System
» A Safe System analysis identified three distinct crash types across the DFW crashes
» Socio-technical systems analysis is a promising approach for understanding the full context around DFW

Introduction

In New Zealand, road traffic fatalities make up around 30
percent of all worker fatalities (McNoe et al., 2005) and
between 22-36 percent of the national road fatalities in-
cluding workers, bystanders, and commuters (Lilley et al.,
2019). Although not reported, it may be that similar pat-
terns exist for serious injury and minor injury crashes. As
a result, work-related road safety is a strategic priority in
New Zealand’s road safety strategy, Road to Zero (Ministry
of Transport, 2019). Also, safety when working in and
around vehicles is a priority for the national health and
safety regulator, WorkSafe.

Beyond analyses of driving for work (DFW) crash preva-
lence and specific crash characteristics, there remains a

knowledge gap in terms of understanding the context
within which work-related motor vehicle traffic crashes oc-
cur. This understanding is essential to the development and
implementation of effective, evidence-based safety initia-
tives.

One method for better understanding the context of, and
factors involved in, crashes is to analyse crash records from
a Safe System perspective. Safe System analysis frameworks
have proven useful in determining factors associated with
casualties and crashes (Hirsch et al., 2017, 2018; Mackie et
al., 2017; Thorne et al., 2020).

In road transport, Safe System factors are generally
grouped into four areas: speed, roads and roadsides, vehi-
cles, and road users. The approach encourages a broader
examination of the immediate crash context, particularly
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consideration of factors other than driver error. It enables
patterns of factors associated with specific types of crashes
to be identified. For example, Safe System studies have
shown that higher severity crashes are more likely to in-
volve multiple system failures, and fatal crashes were more
likely to involve extreme behaviours compared to serious
injury crashes (Hirsch et al., 2017).

There are, however, limitations in focusing exclusively
on serious and fatal crashes, as is often the case with Safe
System approaches. These crashes represent a small per-
centage of the overall crashes, conflicts, and interactions
that happen daily on our roads. Although they are of strate-
gic importance, they do not tell the whole story (Hydén,
1987). Extending examinations to less severe crashes and
more common conflict scenarios could potentially provide
useful insights into DFW crashes.

Additionally, there is increasing interest amongst safety
practitioners and researchers in examining the broader so-
cial and organisational context within which all types of
crashes occur. Broadening the focus from the immediate
road environment and crash circumstances can enable con-
sideration of ‘upstream’ factors that contribute to, or lay
the foundations for, crashes. To support building this more
contextualised view, systems methods for analysing safety
incidents are moving towards ‘socio-technical’ system ap-
proaches (Mackie et al., 2017; Salmon, 2020; Salmon &
Lenné, 2015; Stanton, 2019).

Although socio-technical systems theory was originally
developed in the 1950s, it has only more recently become
prominent in mainstream risk management (Stanton,
2019). Socio-technical methods aim to dig deeper, beyond
immediately identifiable crash factors, to understand the
technical and social context that contributes to incidents.
For example, while a Safe System analysis can help to iden-
tify that fatigue is frequently suspected in particular kinds
of fatal work crashes or under certain road conditions, a
socio-technical systems analysis can obtain more informa-
tion about the context that led to the driver being fatigued.
This can include data on what planning, funding, or main-
tenance actions may have contributed, thereby helping to
pinpoint organisational actions that can ultimately lead to
the prevention of fatigue crashes.

There are, however, challenges with socio-technical
analyses that must be resolved if the approach is to be
broadly applied to the problem of road safety, and to work-
related road safety in particular. The availability and quality
of appropriate data (Hirsch et al., 2018; Mackie et al., 2017)
and gaining acceptance of Systems approaches within the
road safety eco-system are key to obtaining value from this
approach.

The goals of this study were to 1) determine the Safe Sys-
tem factors associated with fatal, serious injury, and minor
injury crashes that occurred involving light and some ser-
vice vehicles while driving for work in New Zealand, and
2) to explore the potential of socio-technical methods for
analysing driving for work crashes or crash clusters.

Method

The work was carried out in three phases:

1. Scan of work-related causality studies

2. Safe System analysis of 300 DFW crashes

3. Case study of socio-technical AcciMaps approach
within DFW context

Scan of causality studies

Literature related to DFW crashes was reviewed with the
goals of identifying innovative methodological approaches,
key themes in the DFW literature, and to position the pro-
ject.

Key word searches were conducted in Science Direct and
Google Scholar using search terms “driving for work”,
“crash”, “work-related”, “fatality”, “occupational”, “injury”,
“contributing factors”, and “system influences”. The ma-
jority of the initial literature found was related to heavy
trucks, which were not the focus of this study, so “light ve-
hicle” became a key area of focus as the search progressed.
Given the existing focus on heavy vehicles, the focus of
this study was on driving for work in lighter vehicles in a
range of contexts, but also including specific service vehi-
cles. Literature was selected where it included methodolo-
gies relevant to the project scope and findings that revealed
common characteristics of DFW crashes. Fifty-one relevant
papers were identified and reviewed, including peer-re-
viewed publications, technical reports, and conference pre-
sentations.

Research methods were reviewed and summarised. The
project team used this information to identify methodolog-
ical approaches and coding protocols based on variables
found to be relevant in other studies. A summary of the lit-
erature was also produced that highlighted key themes and
findings.

Safe System analysis method

A Safe System analysis of 300 DFW crashes was undertaken
to explore the characteristics of DFW crashes and differ-
ences in minor, serious, and fatal crash trends. The sample
included 100 fatal crashes, 100 serious injury crashes, and
100 minor injury crashes. Consultation with industry ex-
perts indicated that this sample size would be sufficient
to gain a broad understanding of factors involved in DFW
crashes, noting that the aim was not to gather a fully repre-
sentative sample of DFW crashes.

Waka Kotahi’s (NZ Transport Agency) Crash Analysis
System (national crash database) was used as the primary
case identification tool. Crash Analysis System data are
available to approved users, are de-identified and do not
require ethics approval. Crash classification (fatal, serious,
minor) was provided within the Crash Analysis System data
and followed Waka Kotahi’s classification system whereby
serious is classified as injuries requiring medical treatment
or removal to and retention in hospital, and minor is clas-
sified as injuries requiring first aid, or which cause discom-
fort or pain to the person injured. These data were sup-
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plemented by publicly available, de-identified work-related
fatalities data from WorkSafe to identify additional work-
related fatal driving crashes. Fatalities involving a worker
driving from the WorkSafe dataset were matched with fa-
talities in the Crash Analysis System (confirmed by worker
age, work industry, month and year of crash). The case
identification process was completed in stages so that more
recent DFW crashes were prioritised and to enable random
sampling where possible.

Crashes occurring from 2019 onwards were prioritised
due to the introduction of the ‘Vehicle Usage’ attribute in
the Crash Analysis System, which assisted in confirming
the crash occurred while someone was using their vehicle
for work-related purposes. All minor and serious crashes
were identified using Crash Analysis System data alone and
occurred between 2019-2020. However, due to the infre-
quency of fatal crashes, it was necessary to sample back to
2011 and utilise WorkSafe data to identify 100 fatal crashes,
with the most recent crashes in this dataset being selected
for analysis.

The crashes included were limited to light vehicles able
to be driven on a Class 1 driver licence (cars/wagons, SUVs,
utes, vans, and light trucks). However, some service vehi-
cles, (e.g., buses, 9-seater and above, and rubbish trucks)
were included because the literature review indicated that
they have not typically been examined in studies looking at
trucks/heavy freight driving for work.

Cases were restricted to people driving in the course of
their work. Therefore, commuting to or from a fixed loca-
tion of work was not included, but travelling to and from
non-fixed locations of work was. Additionally, crashes in
which someone was engaged in work activities that in-
volved driving for work, but not actively driving their work
vehicle at the time of the crash, were included, e.g., they
were involved in a traffic crash while working after exiting
their vehicle.

The 300 crash cases identified were then coded using a
Safe System analysis coding framework. The coding frame-
work was a modified version of coding frameworks used in
previous Safe System analyses, in particular the Serious In-
jury Crashes study previously undertaken by several mem-
bers of the research team (Hirsch et al., 2017, 2018; Mackie
et al., 2017; Thorne et al., 2020). The most substantial
modification to the framework entailed splitting the User
pillar into two sub-pillars, DFW Users, and Other Users, in
order to differentiate crash factors related to the primary
driver for work from those of Other Users involved in the
crashes (i.e., to explore ‘exposure’ factors as well as those
directly relating to driver).

The final framework contained 134 qualitative variables
with predefined categories (Figure 1). For each pillar of the
Safe System, relevant variables (crash factors) were coded.
The values of the variables in each pillar then determined
whether that pillar was ‘triggered’ in each crash, i.e., impli-
cated in either the occurrence or the severity of the crash.
In addition, some Road User pillar variables were used to
determine whether ‘reckless’ or ‘extreme’ behaviour was a
key factor in the crash, as opposed to a relatively equitable
contribution by multiple system factors. This approach was

based on the Wundersitz and Baldock (2014) methodology
adapted in a Serious Injury Crashes study (Mackie et al.,
2017) with some further modifications.

The data used to code each variable included: traffic
crash reports; Safer Journeys risk assessment tool (Mega
Maps); vehicle safety rating tools (e.g., Rightcar); WorkSafe
fatality data, and Google Street View. During coding, cases
with insufficient crash detail, or where it became clear the
study criteria were not met, were removed and replaced
with a new crash case.

The inter-rater reliability between multiple coders was
calculated using kappa score — a measure of the rating re-
liability between two or more raters for qualitative vari-
ables corrected for the likelihood that raters may agree by
chance. A free-marginal kappa score was used as there were
no restrictions on how many cases could be assigned to
each category. Of the 134 variables coded, 100 had per-
fect agreement between raters, scoring 1.0. For the remain-
ing 34 variables, kappa scores ranged from -0.55 to 0.77.
The overall average for all variables was 0.81. Following in-
ter-rater assessment, discrepancies in coding were reviewed
and discussed, a consistent approach was agreed, and re-
coding was undertaken as required.

Once coding was completed, a brief analysis was con-
ducted to identify any impacts of COVID-19-related restric-
tions on DFW crashes. This involved separating the data
into ‘pre-COVID-19’ and ‘post-COVID-19’ time periods -
the latter including crashes from 21 March 2020 onwards.
Relevant crash factors were then compared between the
two periods.

Following the review of the data to assess COVID-19’s
impact, descriptive analyses were completed for each vari-
able coded, using total crashes at each severity as the de-
nominator. This enabled comparisons across crashes re-
gardless of the number of crash parties or road users
involved or the number of people injured in the crash.

A Multiple Correspondence Analysis (MCA) of the final
coded dataset was then undertaken to identify and define
‘clusters’ of crash factors (variables) that tended to occur
together. The aim was to summarise and visualise the data
and to identify groups of individuals with similar profiles in
their attributes. Statistical analyses were performed using
software R (version 4.0.3). In addition, statistical packages
‘FactoMineR’ and ‘factoextra’ were utilised.

MCA is a technique that looks for underlying structures
and relationships within datasets with multiple cases of
the same factors (i.e., vehicle type). It finds these relation-
ships by reducing the dataset to dimensions, which can be
thought of as relationships within the dataset. These re-
lationships are not clusters, but in fact often variations
within the data that show a pattern (i.e., size of vehicle,
or number of vehicles involved). Each dimension explains
a percentage of the variation within the dataset, and di-
mensions are ranked so that those which show the most
variation are first. In this analysis, missing data were nei-
ther discarded nor imputed, instead, a missing category was
created for each of the variables with missing values. As
the dataset contained a range of crash types, it meant that
some variables were missing by nature. For example, for
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ANALYSIS PROTOCOL FOR ALL CRASHES

Roads and Roadsides Vehicle

TCR coding = Number of TCR coding Other Vehicle(s)
* Time, date, day  parties = Location (mid-block/ - Road side object —max 2
= Region, locality  (vehicles/road intersection, carpark, struck TCR coding - Trailer use
= Crash ID no. users outside driveway) o Y/N - Vehicle type: car/ - Vehicle usage TCR coding
» Fatal/serious/ vehicle) involved * Intersection type o What was struck ute/van/SUV - Vehicle ownership | * Vehicle type:
minor = Crash code, = Traffic control (categories) truck/bus - Extraordinary car/ute/fvan/
- Weather, movement = Number of lanes « Other notable factor - Vehicle year, age  vehicle factors e.g. SUV/light truck/
lighting - Crash impact « If relevant: mentioned in the TCR - Make, model bald tyres ;'r‘fci'!“b";';ﬁ""’
= Road surface type o Street lighting « Current WOF/COF T
bicycle/none
Other data coding Google Street View: Other data coding - Anti-lock braking = Vehicle year,
Mega Maps * Sealed/unsealed Right Car system (ABS) age
= Road alignment = Divided/undivided - Overall safety star » Electronic stability = Make, model
TCR coding « Other vehicle * Road function (OMRC) = Road_side barriers rating control (ESC) = Current
+ Speed limit speeds (if * Land use * Fog lines (USCR/ANCAP)  MUARC 2017 report || WOF/COF

- Speed advisory  present) = Infrastructure Risk = If relevant: - Driver safety - Aggressivity

« DFW vehicle Rating (IRR) o Traffic calming rating Web search
speed » Annual Average Daily o Footpath present - Engine size - Bonnet shape
Traffic (AADT) o Crossing facilities (=/>2000cc) - Gross vehicle
= Shoulder width = Shoulder compaosition

= Dual front airbags
= Side airbags

mass (GVM)

Other data coding— Mega Maps
= Safe And Appropriate Speed (SAAS)

Road System Pillar trigger (one or more):

= Speed management priority N 4
R = Struck non-frangible road-side object Vehicle Pillar trigger (one or more):
- IRR medium high or high - DFW vehicle = 14 years
Speed Pillar trigger [one or more): e DL

= If relevant:
o DFW vehicle has no front airbags
o DFW vehicle has no side airbags

= Undivided 280km,/h road + crossed the center
line
= If relevant:

» Travel speed (any vehicle) » SAAS
= Travel speed (any vehicle) = speed

advisory o Presence and composition of shoulder * DFW vehicle has safety star rating 1-3
= Top 10% priority for speed o Nostreet lighting = DFW vehicle has no ABS
management o Nofootpath or crossing facilities » DFW vehicle has aggressivity rating = 20% benchmark

= If relevant (i.e. VRU involved):
o Travel speed = 30km/h

= DFW vehicle has no WOF/COF
» Large difference in vehicle mass/shape
= Any other relevant stated DFW vehicle defects

= Other notable road and roadside factors

oo ik o) s

TCR coding = Evidence of distraction + descript. TCR coding descrip.

= Mode « Emotional state+ descrip. - Mode = Evidence of fatigue

= Injury level = Too fast for conditions = Injury level = Use of technology

- Age, gender, ethnicity = Start of driver day, hours driving = Age, gender, ethnicity « Evidence of distraction + descript.

» Occupation * Sleep in 24 hours prior » Occupation = Emotional state+ descrip.

= Trip purpose descrip. = Evidence of fatigue = Trip purpose: DFW as per study = Too fast for conditions

» Licence type/status = Hit and run definition/ other DFW/not « Hit and run

» Driver role in crash = Ran red light DFW/uncertain * Ran red light
(blameworthiness) » Loss of control * Licence type/status « Loss of control

= Restraint use = Crossed centre line = Driver role in crash = Crossed centre line

= Alcohol presence + reading » Left road to left (blameworthiness) » Left road to left

» Drug use suspected » Unsafe overtaking * Restraint use * Unsafe overtaking

= Medical condition contributing +  « Other notable behaviour * Alcohol presence + reading « Other notable behaviour
descrip. * Passenger numbers, types * Drug use suspected » Passenger numbers, types

» Evidence of fatigue = Passenger injury levels * Medical condition contributing + . passenger injury levels

= Use of technology

User Pillar trigger (one or more):

=Licence — learner, oversess, =Medical event directly =Poor emotional state DFW User only: Other User only:
disqualified/no licence contributing to crash = Hit and run = Age =75 =Age 216, 275

*Clearly intoxicated =Distraction evident = Ran red light = No seat belt

+z10% posted speed limit “Fatigue evident » Unsafe overtaking = Hours driving 26

=Too fast for conditions

Reckless or extreme behaviour:

=BAC over limit for age = reckless =220km/h posted speed limit = reckless = Hit and run = reckless

=Suspected alcohol = contributes »=10km/h posted speed limit = contributes » Unsafe overtaking = reckless

Restricted or learner licence + alcohol * No licence or disqualified = reckless DFW User only:
presence/suspected = reckless = Attempted suicide or murder = reckless = No seat belt = contributes

Figure 1. Safe System DFW Analysis Coding Framework
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single car crashes, other party mode would, by default, be
missing. Imputation does not make sense for cases like this.
All variables included in the MCA analysis were treated as
nominal variables, and having a missing level retained as
much information as possible and did not change the vari-
able’s type.

In order to identify crash characteristics that often oc-
curred together, cluster analysis was performed using the
axes from the MCA. To achieve the best clustering out-
comes, a Hierarchical Clustering on Principle Components
(HCPC) approach was employed. This approach conducts a
clustering algorithm based on the MCA results and allows
for consolidation between hierarchical clustering and parti-
tioning clustering. More specifically, partitioning clustering
uses k-means algorithm to split the data into groups.

Socio-technical AcciMaps case study

Following the literature review of socio-technical analytical
methods in a DFW and broader road safety context, the Ac-
ciMap methodology (Rasmussen, 1997) was chosen. Creat-
ing an AcciMap involves the construction of a multi-lay-
ered diagram in which various causes of an incident are
arranged according to their causal remoteness to the inci-
dent (Branford et al., 2009). The approach is theoretically
driven and provides a structured methodology for analysing
incidents. Additionally, in New Zealand, AcciMaps has been
successfully used in a study of cyclist fatalities which pro-
vided some assurance that appropriate data were accessible
(Mackie et al., 2016).

To create an AcciMap for DFW crashes, WorkSafe pro-
vided the research team with a list of 20 work-related road
fatalities occurring between 2013 to 2020. Each case was
reviewed to determine its suitability and the list was nar-
rowed to four possible cases. Traffic Crash Reports (TCR)
were sourced for three of the four cases. Applications were
also made for Coroner’s reports of which three of the four
were publicly available. Information provided by the Coro-
ner’s Office included Police reports, expert analyses, wit-
ness statements, medical information (with sensitive infor-
mation redacted in the original file), and other supporting
information used to make conclusions on the case. The fi-
nal case was selected based on the availability of suitable
data.

The data for the selected case were reviewed, and an ini-
tial list of causal factors was created and fitted to an Ac-
ciMaps model. Where possible, factors were triangulated by
cross checking information across the various documents.
The suitability of the prescribed AcciMap levels was also re-
viewed to ensure that they adequately reflected the context
of the case under consideration. Certain elements of the
case that could potentially be identifying were changed for
the AcciMaps and reporting, while ensuring that the rele-
vant system factors remained to provide an adequate exam-
ple of that nature of a driving for work crash.

Completing the AcciMap was an iterative process: levels
were refined, causal factors grouped, and further informa-
tion sought from new sources to help fill in upper levels.
The final map was reviewed internally by the research team
and by project stakeholders. It was also recommended that

a stakeholder group of experts in the field be brought to-
gether to discuss the map, the causes, and in particular the
causal pathways between each cause. However, this consul-
tation could not be completed within the timeframe of the
project.

Results

This section provides findings from the Safe System analy-
sis and the Socio-Technical AcciMap analysis. The Safe Sys-
tems analysis was conducted for 300 DFW crashes (100 of
each of minor, serious, and fatal), and included both a de-
scriptive analysis of the crashes and a statistical cluster
analysis. The Socio-Technical AcciMap analysis was con-
ducted for one fatal crash.

Safe System analysis

The descriptive component of the DFW Safe System crash
analysis, similarly to more general crash analyses, showed
that DFW injury crashes are often linked to multiple system
failures across the Roads and Roadside, Speed, Vehicle, and
User components of the Safe System. However, in multi-
party crashes, DFW drivers were given a primary role in the
crash in 42 percent of cases and DFW drivers were less likely
to have primary responsibility in fatal crashes than non-
DFW crashes.

When minor injury crashes were included, a strong rela-
tionship between the number of system pillars implicated
and the severity of the crash was found. This suggests that
concentrations of minor injury crashes may be a useful in-
dicator of the potential for more severe crashes to occur,
but also, that the addition of other system failures to minor
crashes, may cause them to become serious injury or fatal
cases.

In common with other areas of road safety, DFW crashes
were frequently linked to rural roads, a lack of traffic di-
vision, seat belt non-use, low star-rated vehicles, and user
distraction/inattention and fatigue. The following factors
were found to be prominent or relatively unique to DFW
crashes:

1. Crashes were disproportionately more likely to in-
volve males but had a more even age distribution
than non-DFW crashes (young male drivers (aged
21-40 years) made up a slightly larger number of
overall crashes, but the proportion of crashes result-
ing in fatality increased from age 51 years).

2. Large vehicles (e.g., buses, vans, utes, and light
trucks) were frequently involved in DFW crashes.

3. There was a notable involvement of vulnerable road
users (motorcyclists, cyclists, and pedestrians, in-
cluding people using scooters or motorised mobility
devices) in urban DFW crashes, with buses often in-
volved.

4. Injuries tended to be sustained by another party
rather than the individual driving for work.

5. There was some indication that unpredictable ma-
noeuvres were a more common factor in DFW
crashes, in particular, when DFW drivers were trav-
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elling at lower speeds and engaging in manoeuvres
such as pulling into and out of traffic.

6. DFW crashes involved a high proportion of vehicles
with no available star rating (39% of DFW vehicles in
the sample), perhaps as more common cars were less
likely to be work vehicles. There was little observed
effect of vehicle age.

When compared to non-DFW road crashes, DFW crashes
in general, were less likely to involve:

1. Both speed and alcohol, although very low speeds by
heavy vehicles were often implicated in high severity
injuries and speed was found to be a factor for single
vehicle rural road crashes.

2. Extreme and/or reckless user behaviours.

Given the timeframe included in the datasets for this
analysis, a comparison of crashes that occurred before
COVID-19 lockdown restrictions were implemented (on 21
March 2020) to those which occurred after this date was
undertaken. While restrictions were not continuous from
March 2020, they were in place for several months and
Auckland experienced a second lockdown later in the year.
It should also be noted that COVID-19 impacts can extend
beyond immediate restrictions. Therefore, data were split
into a simple pre- and post-analysis to assess whether
COVID-19 and associated restrictions impacted on DFW
crashes.

Overall, analyses did not point to considerable differ-
ences in the types of crashes that occurred during, and
post-COVID-19 restrictions compared to pre-COVID-19.
The main differences in the dataset post-COVID-19 were
fewer professional drivers being involved in crashes relative
to other occupations (e.g., Labourers, and Technicians and
trades workers), slightly more crashes occurring in strip
shopping and rural residential areas, and a slight exac-
erbation of trends of driving too fast for the conditions
among Labourer occupation types. These findings would
seem to be consistent with the changes in daily patterns
that COVID-19 lockdowns and subsequent periods have
caused.

Analyses of the interactions between the different fac-
tors implicated in DFW crashes from the Safe System analy-
sis (HCPC analysis) yielded three data clusters, each con-
taining 188, 72, and 40 crash cases respectively. Figure 2
shows a graphical picture of the clusters. The graph has
the first dimension of the MCA on the x axis, and the sec-
ond dimension on the y axis. Together, these dimensions
explained 11 percent of the variation in the dataset. Each
crash has a score in each of the dimensions, which is de-
noted by its location on the graph. The clusters the algo-
rithm detected have been highlighted in red, green, and
blue.

The crash factors that most strongly defined the clusters
included: number of crash parties/vehicles involved; other
user vehicle type; mode/activity; other user injury level;
other user alcohol or drug use; other user distraction inat-
tention, and crash impact type. In summary, the clusters
can be characterised as follows:

« Multiple vehicle crashes (n=188), often involving
work vans, utes, and SUVs in side impact crashes, oc-
curring across all land use types, and typically re-
sulting in injury to non-driving for work drivers.

» Vulnerable road user crashes (n=72), often involving
professional drivers in vans or buses colliding head
on with a pedestrian in an urban or commercial
shopping area.

» Single vehicle crashes (n=40) involving people dri-
ving vans or light trucks for work losing control on
rural roads and hitting an object or rolling, with fa-
tigue, non-seat belt use, and speed often implicated,
and resulting in high worker injury rates.

Socio-Technical AcciMap Analysis

The purpose of the AcciMap component of this work was
to pilot the methodology with crash data available for DFW
crash cases in New Zealand to assess its suitability for fur-
ther roll out. One crash was chosen for analysis, the results
of which are presented in Figure 3. Aspects of the crash
were de-identified for privacy reasons while retaining data
relevant to the socio-technical analysis.

In summary, the fatality crash case study involved a taxi
driver driving a 2009 Mitsubishi van with a current War-
rant of Fitness (a document ensuring that the vehicle meets
required safety standards). The driver was contacted late
at night and requested to make a pick up at 5:00 am the
following morning. The driver got lost and arrived visibly
stressed. At roughly 5:25 am the driver failed to follow a
right bend in the road, drove onto soft gravel on the left
side of the road, and overcorrected, causing the van to roll
and rotate around. The driver was not wearing a seatbelt
and was ejected from the vehicle and died at the scene. En-
vironmental factors were also involved: the road was undi-
vided with a speed limit of 100 km/h. The shoulder was nar-
row, unsealed and running into a ditch.

The Coroner’s report identified the driver had medical
issues and was taking medication which came with a rec-
ommendation against driving. Communication regarding
driving while taking the medication may have been insuffi-
cient. The Coroner’s report deemed the advice provided by
the prescribing General Practitioner contradictory because
in some places the driver was advised against driving and in
other places it was suggested that the driver should be care-
ful driving. In addition, it is unclear whether advice against
driving was reinforced by the pharmacist who provided the
medication or the drivers’ employer. The driver remained
available to work according to employer records. The day
before the fatal crash, the driver slept in his van, an unusual
event due to a family emergency.

The AcciMap developed for this case study crash success-
fully demonstrated the range of factors that contributed
to the fatality. These included decisions, actions, policies,
and ways of working contributed to the crash, from societal
norms around driving while fatigued and organisational
pressures to accept jobs, to medication side effects and
non-seat belt use. Of note, was conflicting medical advice
to the driver around whether they were fit to drive, and the
lack of fatigue management on the part of the employer.

Journal of Road Safety 40



Driving for Work Crashes: A Systems Analysis

Dim2 (4 &%)

clusier

Dirm1 (6.5%)

Figure 2. Cluster result achieved using the Hierarchical Clustering on Principal Components algorithm -

consolidated with K means

Overall, the analysis showed multiple factors were involved,
and multiple points at which better policies or intervening
actions could have prevented the crash from occurring or
mitigated its severity.

It is acknowledged that data of this nature contains sen-
sitive information and respect needs to be given to individ-
uals involved. However, if crashes while driving for work are
to be reduced, then broader systemic trends must be iden-
tified via methods such as AcciMaps. The benefits of using
AcciMaps are particularly evident when maps are based on
clusters of similar cases, allowing trends to emerge. Inter-
ventions can then be designed to address causes at higher
system levels.

Discussion

This study has utilised two different system methods to
examine the characteristics of DFW crashes. The analyses
have highlighted some key trends and provided useful in-
sights into what would be needed to undertake broader sys-
temic analyses using methods such as AcciMaps.

The Safe System analysis showed that in DFW crashes,
failure across a greater number of Safe System components
is associated with higher crash severity. Moreover, the bur-
den of injury from these crashes is largely borne by other
road users, including vulnerable road users. Statistical
analyses yielded three distinct clusters of DFW crashes.
These clusters provide useful opportunities for targeted

DFW safety interventions. Although further analysis is re-
quired before interventions are developed.

The completion of the AcciMap mapping exercise
yielded useful insights into the suitability of this method-
ology. The AcciMap was developed to a point but, given
project constraints, could not be fully pursued to include
a deeper understanding of contextual factors. Using this
method at scale would require easier access to relevant data
sources. It would also require the creation of data sets that
more easily allow for the identification of ‘upstream’ con-
tributing factors to crashes. It was challenging to obtain the
information required for this one case.

In reality, greater availability of data would benefit both
Safe System and AcciMap type approaches. For the Safe
System analysis, variations and limitations in CAS data
were identified, possibly relating to the associated Serious
Crash Unit (SCU) report for any case. However, SCU reports
are generally unavailable for analysis purposes despite the
rich array of contextual information they likely contain.
Likewise, for both analyses, ACC and WorkSafe data (be-
yond publicly available data for supplementary purposes)
was deemed too difficult to obtain within the parameters of
this study, and yet these combined data sets may be valu-
able 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 that agreed pathways
for data use and access are determined, so that approved re-

Journal of Road Safety 4 1


https://journalofroadsafety.org/article/82017-driving-for-work-crashes-a-systems-analysis/attachment/168379.png

Woark
Context

Immediate
Context

Outcomes

Poor understanding of
what fit-to-drive’
means

Driving for Work Crashes: A Systems Analysis

Driving fatigued
narmalized

Goal conflict between
job, family, money

Driving without a
seathelt

Health practitioners not required to get
patients” receipt of advice not to drive

Deemed unnecessary to inform Waka
Kaotahi on driver’s unfit stateto drive

Meadical fitness required for license
renewal but not in between

Wark time hours do not consider
accumulative fatigue for taxi drivers

¥

GP gave advice not to drive but did
nat confirm it was understood

h J r

Contradictory advice
on whether safe to
drive ar not

Despite deemed unfit
to drive remained
available towark

rlf — —

Company without a fit- T
to-drive palicy in place ¥

Pay, pay rates and
remuneration structures

Driver was called at

1
1

1

1

1

1

Company withaut afatigue Family-owned business :
management plan in place . . . 1
1 1 1 :

y v ¥ L

1

1

1

Driver was unsure about

+

Contractortothe
taxi company

Used the vehicle

B
L

¥

& 11:45pm totake a taking thejob but = —
g for parsonal use
hooking at 4:45am eventually agreed
Multiple long-term | Demanding In a hurry, got lost on Speed limit 100km /h, SAAS
health conditions [ home life N — 80Km/h, recommended
+ + e ¥ speed 75km/h. No signage
1
an medication (side Returned home in the early :
effects include hours before leaving at 4am to 3| narrow/unsealed Thick fog, dark, dry, rural Driver not waaring =
sleepiness, drowsin ess) pick up the family : shoulder road, no streetlights, main aseathelt
: arterial road, undivided road
1 l
¥ X S r
: Drove erratically, vehicle skidded around Laost control on a bend : :
Fatigue : = —b{ Driver ejected from the seat
——————— L corners, poor gear changing, and L and rolled thevan
inappropriate speed i

Figure 3. Pilot AcciMap of fatal crash case

Journal of Road Safety

Family of & seriously injured

Driver suffered fatal injuries



https://journalofroadsafety.org/article/82017-driving-for-work-crashes-a-systems-analysis/attachment/168387.png

Driving for Work Crashes: A Systems Analysis

searchers and/or studies can access necessary data without
undue difficulty. Significant effort and resources are used to
collect and store this data, and hence while there is an ethi-
cal obligation to ensure individual data is protected, we be-
lieve there is also an obligation to ensure the usefulness of
the data is maximised.

Study limitations

There were several limitations in the Safe System analysis
component of this work. These primarily related to the ac-
curacy and representativeness of the traffic crash reports
(TCRs) recorded in CAS. TCRs are generally completed at
the scene of the crash (or shortly after) by the attending po-
lice officer. They provide a wide range of useful crash infor-
mation, particularly around roads and roadsides, vehicles,
and people involved, and they are relatively easily accessi-
ble. However, as noted in the literature, the accuracy and
level of detail included in TCRs is variable and often re-
lies on driver and witness statements, particularly for speed
estimates and driver behaviours at the 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 part due to the difficulty/impossibility of
obtaining witness statements from people who are seri-
ously or fatally injured in a crash, but also because more
severe crashes require SCU investigations to be completed,
and the information from these appears to be rarely back-
filled into the TCR. As a result, some crash factors, such as
speed, driver behaviours, and work activities, are likely to
be underreported and therefore may be underestimated in
this study. In addition, the distinction between minor and
serious injury crashes can be quite subtle, with the poten-
tial for 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 some-
one was driving a light vehicle or service vehicle for work.
Due to the difficulties in identifying work activity in crash
records, the sample is unlikely to capture the full range of
these types of crashes, though we are confident that it in-
cludes a sufficiently useful range from which conclusions
about common crash factors can be drawn. In addition, the
sample is likely to include some crashes in which the iden-
tified Driving for Work User was not actually driving for
work at the time of the crash. However, we expect this latter
proportion to be small.

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

Finally, with regard to the cluster analysis, the internal
validity of the identified clusters is governed by the HCPC
algorithm. However, we were unable to assess the external
validity of those clusters, that is, the extent to which the
current clustering results can be generalised to other crash
events. Additional data on which external validity checks
could be performed was not available.

Conclusions

The aims of this work were to determine the Safe System
factors associated with fatal, serious injury, and minor in-
jury crashes that occurred in light vehicles, and some ser-
vice vehicles, while driving for work in New Zealand, and
to explore the potential of socio-technical methods for
analysing driving for work crashes or crash clusters. A Safe
System analysis of 300 DFW crashes was carried out, along
with an exploratory socio-technical analysis of one signif-
icant case, to better understand the context around DFW
crashes.

Results of the Safe System analysis identified a range
of similarities and differences in crash characteristics be-
tween DFW and non-DFW crashes. Notably, DFW drivers
were given a primary role in the crash in 42 percent of cases
and were less likely to have primary responsibility in fatal
crashes than non-DFW crashes.

Statistical analyses identified three distinct crash types:
1) multiple vehicle crashes often involving work vans, utes,
and SUVs in side impact crashes; 2) vulnerable road users
often involving professional drivers; and 3) single vehicle
crashes involving people driving vans or light trucks for
work losing control on rural roads with fatigue, non-seat
belt use, and speed often implicated.

The Social-technical AcciMaps analysis approach
showed promise. For the case study crash reviewed, the ap-
proach successfully demonstrated how decisions, actions,
policies, and ways of working contributed to the crash -
from societal norms around driving fatigued and organisa-
tional pressures to accept jobs, to medication side effects
and non-seat belt use.

For Safe System and AcciMap type methods to be used
more broadly to understand DFW crashes in New Zealand,
easier, safe, and agreed access to relevant data sources
would be required, as would new data sources that enable
the identification of ‘upstream’ contributing factors to
crashes. Waka Kotahi has recently added a ‘driving for work’
variable into their CAS reporting system which should im-
prove the ease of identifying these types of crashes. How-
ever, identifying ‘upstream’ factors requires connections to
be built between datasets held by Waka Kotahi, Ministry of
Health NZ, Ministry of Justice NZ and other government
agencies. Clearly identifying DFW crashes within linked
datasets would provide a significant opportunity to better
understand these crashes and develop well targeted inter-
ventions.
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