25 Years of road safety: The journey from thinking humans to systems-

thinking

Rich C. Mcllroy!'*, Victoria A. Banks', Katie J. Parnell!

1. Transportation Research Group, Faculty of Engineering and the Environment, Boldrewood
Campus, University of Southampton, Southampton, SO16 7QF, UK

* Corresponding author: r.mcilroy @soton.ac.uk

Abstract

Research into road safety has evolved from individual level component analysis to a much
broader, systemic approach that acknowledges the fusion of ‘socio’ and ‘technical’ system
elements. Over the past four decades, Professor Neville Stanton has contributed to over 179
journal articles, book chapters and conference papers in the field of road safety. The journey
from ‘thinking humans’ to ‘systems thinking’ is demonstrated in this paper through the novel
application of the Risk Management Framework (RMF) to the categorisation of research
activities. A systematic review of Neville’s contributions to the field of road safety
demonstrates that over the years, his research activities have evolved from investigating
single technological or human performance aspects in isolation (e.g., in-vehicle information
design and workload) through to the holistic analysis of much broader systems (e.g.,
investigating road safety as a whole). Importantly, this evolution goes hand in hand with a
change in the focus and emphasis of recommendations for improvements to safety. Going
forward, Neville has helped pave the way for fundamental changes and improvements to be

made to road safety systems around the world.
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Introduction

Road traffic collisions kill an estimated 1.35 million people every year, with a further 20-50
million more being injured (World Health Organisation; WHO, 2020). Globally, road traffic
collisions are one of the top 10 leading causes of deaths; for those aged 15 to 29 years, it is
the primary cause of death. People of a lower socioeconomic status account for the largest
proportion of road traffic deaths and the most vulnerable road users are pedestrians, cyclists,
and motorcyclists, representing over half of all road traffic deaths (WHO, 2020). The rate of
death on the world’s roads has remained relative to the size of the world’s population,
suggesting things are not getting significantly worse; however, the commitment to reach the
UN’s Sustainable Development Goal (target 3.6) of a 50% reduction in road traffic deaths by
2020 has been far from achieved. There continues to be a strong association between the risk
of road traffic death and the income level of a country, with fatality rates being more than
three times higher in low-income countries (27.5 deaths / 100,000 population) compared to
high income countries (8.3 deaths / 100,000 population) (WHO, 2018). This imbalance is
further highlighted when it is considered that low- and middle-income countries (LMICs) are
home to 60% of the world’s registered vehicles and 85% of the global population yet see
93% of the world road traffic fatalities (WHO, 2018).

At the national level in the UK, fatality numbers have not decreased since around
2010; approximately five people die every day on the nation’s roads, with the vulnerable road
user groups (pedestrians, cyclists, and motorcyclists) over-represented in those statistics
(Department for Transport, 2020). Although the COVID-19 pandemic has influenced the way
we travel, road safety remains a priority for councils across the country, and organisations
around the world. It is a societal challenge that we have faced since before the advent of the
motor vehicle (e.g., Harper, 1903), and is an issue that will not solve itself. Just as the road
safety challenge is sizeable, so is the road safety research domain. Even in Applied
Ergonomics alone, it has represented a strong focus, with a cursory search of its back
catalogue returning 246 articles, going back to 1988, continuing the term “road safety”. New
approaches are, however, required.

The wider human factors and ergonomics domain has moved towards whole systems
perspectives. This is not a wholly new paradigm, with Applied Ergonomics having provided
a forum for researchers interested in applying the systems perspective to system safety and
performance going back to 1990 (with 197 articles containing the term “sociotechnical”).

That said, the sociotechnical systems paradigm has gained traction as a lens through which to



view road safety only since around 2010 (e.g., Larsson et al. 2010). To summarise, systems
thinking is a conceptual orientation that is concerned with the interrelationships that exist
between system components to create a functioning whole. In order to understand road
safety, we must also understand the intrinsic relationships between the ‘socio’ and ‘technical’
elements of the system. It is this sociotechnical paradigm that is emerging as the leading
candidate for the paradigm shift that many have argued necessary if we are to improve global
road safety (e.g., Salmon et al. 2012; Mcllroy et al., 2019). Moreover, it is a paradigm that
has attracted increasing attention from Neville Stanton as his career has progressed, as will be
seen below. Looking to the broader academic landscape (beyond Neville’s contribution to it),
academics are becoming increasingly active in applying system thinking to the road safety
challenge (e.g., Adanu et al. 2019; Gamero et al. 2018; Morgan, 2017; Naumann et al.
2020a). That said, research in this field to which Neville has contributed (either directly or
indirectly, through his mentorship legacy) is generally easier to find than research to which
he has not contributed.

Leaving for a moment these relatively recent developments in research, it is worth
drawing attention to the fact that road safety is a field in which Neville has been active and
influential for over 25 years, a period that has seen significant change in terms of technology,
legislation, and research practice. This paper aims to provide an overview of that work,
bringing together Neville’s activities in the road safety research domain over these past 25
years to review the breadth and value of his contribution to the field. To finish, we provide a

brief discussion on some potential next steps for road safety research and practice.

Method

To identify articles to include in this review, the Scopus author profile database tool
was used; no other databases were searched. At the time of review (November 2020), the
author profile page for Neville Stanton listed 535 documents. One of the current authors went
through the 535 titles selecting those concerning road safety (full texts were accessed where
there was ambiguity in the title). Given the importance of safety to all on-road research and
practice, all articles related to road transport were considered for inclusion, not only those
explicitly mentioning ‘safety’. The review included research on all modes of road transport,
including motorised and non-motorised vehicles, as well as pedestrian safety and cycling.
This resulted in the identification of 179 articles, conference papers, and book chapters. In a

number of cases, conference papers corresponded to journal articles (i.e., the former being a



simpler form of the latter), and journal papers to book chapters (where published research had
been collated and released as collected works). As such, in order to minimise repetition in the
review the decision was taken to exclude book chapters and conference papers. This resulted
in the inclusion of 126 articles for review, spanning from 1996 to 2020. Each of the current
authors then reviewed, in detail, one third of that sample.

The three current authors reviewed the collected works, inductively and
collaboratively developing a set of themes that characterised the articles reviewed in terms of
the methods used, the specific field of study considered, and the overall perspective taken by
the article. These characteristics aimed to give a sense of research direction, methodology,
recommendations made, and how this has changed over the years in which Neville has been
active in the road safety domain.

A popular framework through which road safety and systems thinking have been
combined is the Risk Management Framework (RMF; Rasmussen, 1997), a hierarchical
description of a system that typically describes six levels of organisational abstraction:
equipment and environment, end users, management, local government and industry,
regulators and associations, and central government. Just as the framework can describe a
system and its components, it can be used to categorise a process or activity in terms of the
system level at which it is undertaken or directed. To this end, each article was considered in
terms of two characteristics: 1) The level of the RMF to which the article as a whole was
most relevant, or through which it could be considered (using the six original levels described
by Rasmussen (1997)); and 2) the recommendations for road safety made in the article, in
terms of the RMF level to which each of those recommendations applied.

To give examples for point one, an article was identified as corresponding to the
upper-most level of the RMF if it explicitly took a whole-system perspective (e.g., ‘The big
picture on accident causation: A review, synthesis and meta-analysis of AcciMap studies’,
Salmon et al. 2020), and to the lower-most level if it corresponded to a focus on equipment or
the environment (e.g., ‘Good vibrations: Using a haptic accelerator pedal to encourage eco-
driving’, Mcllroy et al. 2017). Regarding point two, recommendations first had to be
identified. A ‘recommendation’ was considered as the explicit suggestion for an action or
decision phrased in terms of its direct and practical impact on road safety (e.g.,
recommendations for future research were not included). At the lowest RMF level,
equipment and environment, examples included “visual HMIs can assist drivers in making a
correct braking or lane change manoeuvre in a take-over scenario” (p.20, Ericsson et al.

2018); at the central technical and operational management level “future vehicle designers



should employ their technology in driver support systems rather than in automation to
replace the driver"” (p.365, Young & Stanton, 2002); and at the highest level, government
policy and budgeting, “There seems to be no simple solution to this problem, and new rules
of the road may be required.” (p.423, Stanton et al. 2020). Recommendation identification
was done individually by each author within their sub-sample of papers (by going through
each article and picking out specific recommendations), then discussed collaboratively until
full agreement was reached.

In addition to the RMF level, each article was also categorised in terms of the
methods used and the field of road safety with which the article was concerned. Regarding an
article’s method, each of the current three authors independently and inductively developed
categories as they went through their third of the selected articles. Categories pertaining to
the field of road safety at which each article directed its focus were also developed this way.
The authors then discussed the categories they had developed and collaboratively agreed
upon a single classification scheme for each method and field. Articles were then revisited,
and the updated classification schemes applied. The categories for the method and field of
road safety research are detailed in Table 1.

Regarding methods, surveys, focus groups, and interviews are those studies that focus
on the responses of individuals, or groups of individuals, to specific questions or topics;
systems analysis include methods such as Accimaps and STAMP; design methods talk
specifically of interface or system design using, for example, Design with Intent cards, or
Ecological Interface Design; on-road studies use instrumented vehicles driving on test tracks
or real roads; simulator studies represent all driving simulation research, whether desktop or
through a high-fidelity system; reviews and discussions draw on previously published work;
combination approaches include studies for which multiple methods have been used, for
example where on-road and simulator trials have both been used in a single piece of research.
The papers were also classified on the field of road safety research they related too. General
safety analysis and recommendations covers those studies targeted at road safety as a whole,
rather than focussing on any specific area (e.g., most systems-level research would come
under this); infrastructure relates to the physical world, for example in rail crossing or
junction design; vehicle design includes those studies focussed on in-vehicle information
design that is not related to eco-driving or automation; eco-driving safety includes all studies
focussed on energy use in the vehicle; automation: general covers studies related to
automation that could not be included in the latter two categories; automation: workload

includes work that explicitly investigates the effect of vehicle automation on driver workload



and attention; automation: driver interactions covers those studies interested in interface

design for vehicle automation, including handover of control considerations.

Table 1. Classification scheme for each article’s chosen method and field of road safety

Category

Example article

Survey, interviews, and
focus groups

Systems analysis

Design method

Should we pass on minimum passing distance laws for cyclists?
Comparing a tactical enforcement option and minimum passing distance
laws using signal detection theory (Lamb et al. 2020)

A sociotechnical approach to accident analysis in a low-income setting:
Using Accimaps to guide road safety recommendations in Bangladesh
(Hamim et al. 2020)

‘Ideation using the “Design with Intent” toolkit: A case study applying a
design toolkit to support creativity in developing vehicle interfaces for
fuel-efficient driving’ (Allison & Stanton, 2020)

Method On-road study  Breaking the cycle of frustration: Applying Neisser's Perceptual Cycle
Model to drivers of semi-autonomous vehicles (Revell et al. 2020)
Simulator study  Directability, eye-gaze, and the usage of visual displays during an
automated vehicle handover task (Clark et al. 2019)
Review / discussion A human factors perspective on automated driving (Kyriakidis et al.
2019)
Combination approach  Vehicle sensor data-based analysis on the driving style differences
between operating indoor simulator and on-road instrumented vehicle
(Qietal. 2019)
General safety analysis How do fatalistic beliefs affect the attitudes and pedestrian behaviours of
and recommendations road users in different countries? A cross-cultural study (Mcllroy et al.
2020)
Infrastructure  From interfaces to infrastructure: extending ecological interface design
to re-design rail level crossings (Read et al. 2019)
Vehicle design  In-vehicle information systems to meet the needs of drivers (Harvey et al.
2011)
Driver attention  Exploring the mechanisms of distraction from in-vehicle technology: The
Field of development of the PARRC model (Parnell et al. 2016)
road safety Eco-driving safety = Cognitive Work Analysis for safe and efficient driving (Birrell et al.

Automation: General

Automation: Workload
specific

Automation: Driver
interactions

2012)

Who is in responsible for automated driving? A macro-level insight into
automated driving in the United Kingdom using the Risk Management
Framework and Social Network Analysis (Banks et al. 2019)

Acclimatizing to automation: Driver workload and stress during
partially automated car following in real traffic (Heikoop et al. 2019)

Is partially automated driving a bad idea? Observations from an on-
road study (Banks et al. 2018)




Inter-rater reliability

To assess inter rater reliability, five articles from each author’s third of the 129
articles included in the review (i.e., 15 articles, 11.6% of the total) were randomly selected
for reliability assessment by all three authors. The articles were assessed as a whole (i.e., its
level on the RMF), the recommendations made in that article, the methods used, and the field
of road safety it addressed. Where each article was assigned to a single category for RMF
level, method, and road safety field, the 15 articles contained within them 34 distinct
recommendations, with a range of one to six recommendations in each article (hence IRR
calculations for recommendations was performed on 34 items, representing 8.2% of the 417
recommendations made across all 129 articles).

Fleiss’ kappa and percentage agreement were calculated to determine the level of
agreement between the three authors in their assigning of each article to a level of the RMF, a
method, and a field of study (i.e., on 15 ratings in each category), and of each
recommendation to a level of the RMF (i.e., on 34 ratings). Table 2 displays results. Fleiss’
kappa indicated substantial (.61 — .80) or almost perfect (.81 - .99) agreement between raters

on all aspects (Landis & Koch, 1977).

Table 2. Inter-rater reliability statistics for article RMF level, method, and field, and for the RMF

level of each of the recommendations made, in 15 of the 129 articles included in the review

Fleiss’ kappa Percentage agreement between raters
Kappa 95% CI p KP/RM KP/VB RM/VB
RMF Level .614 608 - .621  <.0005 66.7% 80.0% 80.0%
Method  .824 .819-.828  <.0005 100% 86.7% 86.7%
Field .784 780 - 788  <.0005 100% 73.3% 73.3%
Recommendations 7156 752 -.759  <.0005 76.5% 79.4% 91.2%

Results

As would be expected from an active academic, Neville has contributed to
progressively more published articles as his career has advanced, with a lower proportion of
works on which he is first author and an increasing number of works on which he is co-
author. This illustrates a move towards the mentoring of the next generation of researchers.
The total number of articles related to road safety he co-authored, and those on which he was
first author, each year from 1996 to 2020, is presented in Figure 1. The figure also shows the
number of distinct road safety recommendations made per published article; as can be seen,

this has also increased as time has progressed. Note that this is not the raw number of



recommendations made that year, but the average number of recommendations made per
article published in a given year. This reveals the trend towards offering more practical road

safety advice per research study as time has gone on.
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Figure 1. Total number of published articles per year (1996 to 2020) and number of those
articles on which Neville is first author (on the left axis), and average (mean) number of road
safety recommendations made per article (on the right axis).

In addition to a tendency to make more recommendations per paper as time has gone
on, there has also been a tendency towards making recommendations that apply to higher
levels of the road safety system. Table 3 shows the average number of recommendations
made per paper that were categorised as being relevant to each level of the RMF.
Recommendations made at the ‘equipment and environment’ and the ‘end users’ levels have
been commonly made across all articles, regardless of the year of publication; however, it is
in the past ten years (and the last three or four in particular), that recommendations at the

higher levels of the RMF have been made.



Table 3. Average number of recommendations per paper assigned to each level of the RMF

Year of publication: 1996 1997

1998 1999 2000 2001

2002 2003 2004 2005 2006 2007 2008 2009 2010

2011

2012 2013 2014 2015 2016 2017 2018 2019 2020

Central government 0.0 0.0 0.0 0.0 00 00 00 00 00 00 05 00 10 00 05 03 00 01 03 07 05 09 14
Regulators and associations 0.0 0.5 0.0 0.0 00 00 0.0 00 00 03 00 00 10 00 03 00 04 01 02 02 02 04 09
Local gov and industy 0.0 0.0 1.0 0.0 05 00 00 00 05 01 05 00 00 02 00 07 00 03 03 03 03 07 11
Management 0.0 0.5 0.0 05 00 10 0.0 00 00 05 05 03 00 02 08 00 06 09 03 08 08 09 16

Endusers 1.0 0.5 0.0 0.0 05 0.0 00 00 00 02 10 03 00 03 00 03 06 03 03 01 03 04 06

Equipment and envi 1.0 05 0.0 05 00 1.0 1020 15 03 108300 12 00 10 14 1019 09 05 08 10

Note: In 2009, Stanton and Salmon (2009) proposed 24 potential technological solutions relevant to the equipment level to

reduce driver errors, hence the outlier in bold (8.3) in that cell.
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Figure 2. Chart displaying the level at which individual publications were categorised as

being focussed. Bubble size represents the number of publications categorised as being at that

level in a given year (e.g., one article was categorised at the ‘end user’ level in 2000; in 2020,
four were categorised at the ‘central government’ level).

Further to the pattern of aiming individual road safety recommendations at a holistic,

systems level (shown in Table 3), papers as a whole have been positioned more in terms of

systems thinking and sociotechnical analysis as time has passed. Figure 2 displays the

number of papers categorised as being positioned at each level of the RMF. The size of the

bubble represents the raw number of papers published in a given year that were categorised



by the current authors at a given RMF level. The increase in the volume of papers produced
can be clearly seen, and just as with recommendations, research aimed at the lowest two
levels is common across all years; however, research that takes a true systems viewpoint has
only emerged in the past ten years or so.

This reflects a move towards systems thinking in human factors and ergonomics more
widely. This is true in the road safety domain, and in Neville’s contribution to it, with early
work focusing on (for example) the individual driver in driving simulation studies, and later
work analysing whole systems, using systems methodologies such as Accimap and STAMP
(Figure 3). This trend is also reflected in the field of road safety to which the research directs
its attention (Figure 4). The earliest articles included in our review looked primarily at
automation and in-vehicle information design. As time went on, this focus expanded, with a

greater focus on general system safety analysis and recommendation generation.

1996-2000 2001-2005 2006-2010
2011-2015 2016-2020

= Surveys, interviews, focus groups
= Systems method
A = On-road study
= Simulator study
4' A = Review / discussion

= Combination approach

Figure 3. Break down of the number of papers utilising the different methods though the

years



1996-2000 2001-2005 2006-2010

AR,

2011-2015 2016-2020

= General safety analysis and recommendations
= Infrastructure
= Vehicle design
Driver attention
= Eco-driving safety
= Automation: General

= Automation: Workload specific

= Automation: Driver interactions

Figure 4. Break down of the number of papers studying the different fields of road safety
through the years

Discussion

The review presented above gives an overview of work spanning 25 years, in a
variety of sub-domains, using a multitude of method types, from desktop simulation with
single human participants to sociotechnical methods analysing whole systems. Neville’s
career in road safety research has its beginnings in the very early stages of drive-by-wire
systems and vehicle automation in the 1990’s (Stanton & Marsden, 1996; 1997, Stanton et al,
1997). This work was important to the development of Adaptive Cruise Control (ACC)
systems as they started to be integrated into road vehicles in the late 90’s. Since then, his
career has followed the development of increasingly more advanced and autonomous road
vehicle technologies, developments which continue to the current day. As the above review’s

results demonstrate, he has also broadened his study of road safety as time has passed, from



an initial focus on those technologies to an interest in multiple fields that impact upon road
safety, including (but not limited to) driver training (Stanton et al, 2007), driver workload
(Young & Stanton, 2007), automated vehicle system functionality (Stanton, 2019a), driver
error (Stanton & Salmon, 2009) and collision analysis (Stanton et al, 2019).

In terms of methods, something that has featured throughout Neville’s career is
driving simulator research, where he has worked with progressively more advanced testing
platforms. Figure 1 shows the different iterations of the Southampton University Driving
Simulator through the years, equipment with which he has addressed a wide variety of
research questions. Early driving simulator software was much more rudimentary than
modern-day systems, and the first Southampton University Simulator was the front half of a
Ford Orion, registered in 1993, with an Acorn Archimedes RISC PC. Data was recorded
every 0.5 seconds. Partnerships with Jaguar Land Rover led to upgraded driving simulation
with the full Jaguar XJ6 with a 140-degree field of view, before the latest update to the
current Range Rover Evoque. This has a customisable HMI, a separate control room and two
simulation software packages, allowing for a high degree of customisation. It can model all
forms of road environment and specify the behaviour of Al cars, motorbikes, bicycles and
pedestrians using scripting. It also generates a wide range of data on driving performance,

such as vehicle speed, lane position and headway, doing so at up to 100Hz.

b.

Figure 1. The Southampton University Driving simulator over the years. Taken from:
a. Stanton & Pinto (2000); b. Stanton, Young & McCaulder (1997) c.

https://www .southampton.ac.uk/news/2015/10/driverless-cars-epsrc-funding.page; d.
https://www .southampton.ac.uk/engineering/news/2017/06/driverless-cars.page



In addition to simulation, Neville has highlighted the importance of ‘real-world’
research, especially in the form of on-road user trials. The first instance of such work came in
a 2007 study exploring situation awareness in drivers and motorcyclists (Walker et al. 2007).
In more recent years, this has included some of the earliest examples of on-road automated
driving trials (Eriksson et al, 2017; Banks et al, 2018; Revell et al, 2020). The use of
combinations of methods can also be seen from 2007 onwards, with Stanton et al.’s (2007)
evaluation of an advanced driver coaching system, where the authors combined on-road
investigations with driver interviews. It is important to point out that, in the above review, the
‘combination approach’ category has been applied where there are distinct method types
being used together, with other examples including Parnell et al.’s (2018) study of interaction
with technology both on the road and in the simulator or Read et al.’s (2018) use of document
review combined with on-road observations to investigate pedestrian behaviour and safety.

Not included in our ‘combination approach’ category are uses of the systems methods
that have emerged over the past decade. These methods require data as an input, data that
itself can be gathered using a variety of methods (with document review and stakeholder
engagement particularly common), so one could also consider them as combination
approaches. Due to their prominence, however, they were assigned their own category in our
review: ‘systems analysis’. Their growth in importance is highlighted not only by our
categorising of articles by method, but by the positioning of the articles (and the safety
recommendations presented within them) on the Risk Management Framework (RMF),
Rasmussen’s (1997) hierarchical description of complex systems. Indeed, Neville’s work has
championed the systemic approach and the application of sociotechnical systems theory and
methods to road safety (e.g., Salmon et al, 2013; Parnell et al, 2017; Salmon et al, 2018;
Mcllroy et al, 2019), with the approach going far beyond the in-vehicle technology focus of
early work.

This move towards systems thinking in road safety mirrors (or is mirrored by) the
wider literature, beyond Neville’s contribution to it. As described in the introduction, Larsson
et al.’s (2010) seminal work marked the beginning of this shift. Subsequent work by Salmon
and colleagues (e.g., Read et al. 2013; Scott-Parker et al. 2015; Salmon et al 2016) provided
developments in the field, with a variety of other researchers contributing to the literature by
offering descriptions of the application of systems methods to road safety (e.g., Underwood

& Waterson, 2014; Zhang et al. 2018) and discussions of how sociotechnical approaches and



systems thinking are, or could be applied when thinking about land transport and safety (e.g.,
Hughes et al. 2015; Naumann et al. 2020b). This has evolved to the point that even some of
the published work focussing on just one aspect of the system (e.g., its end users; Salmon et
al. 2019) recognises the importance of the whole system and how system factors (e.g.,
structure, interactions, complexity, emergent properties, etc.) shape the behaviour and
performance of those system components.

A good example of this is in Neville’s work with Guy Walker and Paul Salmon in the
on-road study of road user interactions (e.g., Walker et al. 2011; Salmon et al. 2014a; 2014b).
According to our RMF categorisation system, above, these papers are positioned at the end
user level; ostensibly they explore the experiences and cognition of the road transport
system’s end user (i.e., cyclists, drivers, and motorcyclists). That said, they are concerned
with the interactions between those users, and the compatibilities (or lack thereof) in situation
awareness therein. One could argue, therefore, that they take systems view of the matter. This
is characteristic of Neville’s work; although there may sometimes be a focus on a particular
sub-system, it is in the dynamic interactions within that sub-system that Neville’s research
has directed its focus.

Although Neville has championed the use of multiple human factors methods (having
written perhaps the most highly cited methods handbook; Stanton et al. 2017) his two
strongest areas, at least in terms of road safety research, have been in systems approaches and
in the use of driving simulation. Although the two approaches may not seem directly
compatible, with one focussing ostensibly on the end user (i.e., a driver) the other taking a
whole-system perspective, they can, in fact, be complementary. A good example of this is
found in Beanland et al. (2018), work in which Neville was involved. Over an extended
programme of work, researchers investigated rail level crossings using systems methods and
developed three systems thinking-based new designs. In Beanland et al. (2018), those three
physical environments were built in a simulated environment and tested with human drivers.
This represents a potentially fruitful means to provide evidence for the efficacy of designs
borne out of systems thinking. This is a challenge for sociotechnical systems thinkers and
researchers within and beyond the road safety domain; to provide the necessary evidence for
the benefit of systems thinking on which industry and policymakers can base decisions.

The work reviewed above is characterised by the increased use of systems methods
(e.g., Accimaps, STAMP, CWA) as time has passed. This coincides with the increase in the

number of road safety recommendations made, particularly those that target higher levels of



the system. This is indicative of the desire to have a deeply impactful influence over road
safety as a whole, not just over individual aspects of the system. In the early part of Neville’s
career, much of his research focussed on human performance with new automation
technologies, commonly using driving simulation to explore the inherent challenges (e.g.,
Stanton et al. 1997). Many of the recommendations for safety that arose from that work
focussed on the way the human interacts or communicates with the technology. For example,
Stanton et al. (1997) pointed out that “ACC [Adaptive Cruise Control] systems need to
effectively communicate the status of the ACC system to driver” (p.157).

Later examples of research on autonomous driving systems contain similar
recommendation types, but also go further. For example, Banks et al. (2019) used the RMF,
in combination with Social Network Analysis, to frame discussions around responsibility and
automated driving. In addition to making recommendations aimed at users and their
equipment (e.g., “Drivers must understand the limitations and capabilities of the automated
system in use”, p.7), they also proposed safety recommendations at higher levels of the
system, going beyond the government level to include considerations of actors at the
‘national committees’ and ‘international committees’ levels, yet higher levels that Parnell et
al. (2017) added on to the original six-level RMF (e.g., “Provide clearly worded legislation
surrounding the design, use, testing of and implementation routes of automation to vehicle
manufacturers”, p.7, Banks et al. 2019). Key recommendations from other recent work
suggest a need for new standards for the development and testing of vehicle systems (Stanton
et al., 2019a) and, more broadly, the need for an integrated approach to road safety across all
levels of the system to move the blame away from the driver (Hamim et al, 2020).

This work is now starting go beyond academia. In 2019, Neville was asked by the
Royal Automobile Club (RAC) foundation to author a guide for policy makers and
practitioners on the models and methods for collisions analysis. In that work he presented the
need to utilise systemic approaches to address the complexity of road safety (Stanton, 2019b).
In particular, he stated the value in applying the RMF and the associated Actor and Accimap
methods (Svedung & Rasmussen, 2002). These are methods that Neville has applied,
modified, and improved within the road safety domain with much success (e.g., Salmon et al,
2012; Parnell et al, 2017; Mcllroy et al, 2019; Hamim et al, 2020; Salmon et al, 2020).
Importantly, they are methods that lead the analyst to consider more than just the end users
and environmental factors that dominate many discussions of road safety culpability and

blame. It is in the opinion of the current authors, of an ever-growing body of researchers,



policy makers, and practitioners (e.g., Peden & Puvanachandra, 2019), and ostensibly in
Neville’s, that this is the approach in which the future of road safety lies.

There are of course some challenges looking forward. Systems thinking and the
sociotechnical paradigm are still relatively new to road safety discussions (despite the latter
having a history going back to the 1950s; Trist & Bamforth, 1951) and their uptake beyond
academia (and even within academia) is limited. The oft-cited gulf between research and
practice (e.g., Underwood & Waterson, 2013) is, therefore, a very real and present challenge.
Neville has had influence beyond academia on the design and uptake of some in-vehicle
technologies (e.g., ACC, mentioned above; Stanton & Marsden, 1996; 1997, Stanton et al,
1997), and is beginning to have further impacts on collision investigation through the RAC-
funded work described above; however, the widespread uptake of Human Factors and
Ergonomics (HFE) approaches to safety in the road transport domain is yet to be seen.
Although this is a challenge experienced across HFE, it is most acutely seen in the systems
HFE field (Salmon et al. 2020). Despite the work of a researcher as prolific and influential as
Neville, penetration into the practice and policy world is still lacking.

Although Neville’s own work as an HFE consultant may be driven by his own (and
others’) research practices and findings (see Salmon et al. 2020), he represents more the
exception rather than the norm. There are many reasons for this (several of which are
summarised by Salmon et al. 2020), one being the lack of understanding and partnership
between academia and industry (or, in the case of road safety, academia and policy and
practice). A good example of where improved partnership has the potential for significant
road safety benefits is in the interpretation, uptake, and implementation of the ‘Safe System’
approach. This is a way of thinking rooted in Sweden’s Vision Zero strategy of the late 1990s
(Ministry of Transport and Communications, 1997) that is characterised by an expanded view
of road safety, one that understands responsibility for safety outcomes as shared across
systems actors, not just placed on the shoulders of the end user. This is a welcome step in the
right direction, and the fact that it is being taken up by a variety of governments and non-
governmental organisations (e.g., UN, 2020; Gov. of Western Australia, 2020; Department
for Transport, 2019; US Department of Transportation, 2020) is encouraging.

That said, ‘Safe System’ is not a true example of systems thinking (e.g., Larsson et al.
2010; Salmon et al. 2012). Unlike the sociotechnical approach, the ‘Safe System’ philosophy
is not underpinned by complex systems theory or research evidence (for example, it does not

place the same emphasis on emergent properties arising from component interconnections),



nor is it associated with any established methods with which a practitioner or policy maker
can address the challenges of the setting in which they are active (where the sociotechnical
paradigm does have such methods). Indeed, some would argue that despite its acceptance of
the influence of hierarchically abstract factors over system outcomes, ‘Safe System’ places
excessive focus on the end user and the ‘errors’ they commit (noting that this is generally
considered an outdated and unhelpful perspective; Salmon & Lenné, 2014). That said, ‘Safe
System’ is still a somewhat nebulous idea, with significant variation in the ways it is
expressed in policy and strategy documents; different actors in the road safety domain
describe it in a variety of different ways, with some of those descriptions more (or less) end-
user focussed than others. This is where the HFE and systems thinking community could
have some meaningful influence, i.e., through influencing the way ‘Safe System’ develops as
an approach (or philosophy), and how it is formalised and implemented.

Currently, ‘Safe System’ has only been discussed by large, international organisations
(e.g., the WHO and the UN) and by charities and governments in high-income settings (e.g.,
Australia, the UK, the US). The uptake (or even discussion) of such approaches in low- and
middle-income countries (LMICs; where the need for reform is greatest) is almost entirely
lacking. This is where systems thinking can have even more profound effects, something that
has started to happen with a UK aid-funded programme of research led by Neville (e.g.,
Hamim et al. 2020, 2021; Vu, 2019; Vu et al. 2020). This represents a promising opportunity;
it may be easier for researchers to influence the interpretation and direction of ‘Safe System’
(i.e., to align more closely with contemporary systems thinking) and to encourage its uptake
in lower-income settings, where it has not yet been adopted in any form, (i.e., is especially
novel), than in high-income settings where strategies and policies already exist to some
extent (ones that can vary in their alignment with contemporary systems thinking). Moreover,
if the HFE and sociotechnical systems research community is to truly influence global road

safety, it must direct its attention to these settings, where the burden is most keenly felt.

Conclusions

This review paper has given a summary of work that spans four decades (to clarify:
the 1990s, 2000s, 2010s, and 2020s, should Neville read this and object to the implications of
our phrasing). While fatalities from road traffic collisions have been on the rise in recent
decades, historically, enhancements to the design of vehicles to protect the occupants, as well

as the legislation and regulation targeting drivers, has dramatically improved road safety



relative to population and motorisation rates. Nevertheless, in recent years there has been
growing awareness of the need for collaborative effort between the multiple sectors
responsible for the road transport system to reduce and eliminate road traffic fatalities
(Mcllroy et al, 2019; Parnell et al, 2018). This is further motivated by the increased presence
of automation and the projections for automated vehicles (Banks et al, 2019). Neville has
been highly influential across these areas, with his continued and impactful contribution to
road safety persisting not only through his own continued work, but also through that of the

many researchers he has supported along the way (the current authors included).
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