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Despite  significant  progress,  road  trauma  continues  to  represent  a global  safety  issue.  In  Queensland  (Qld),
Australia,  there  is currently  a  focus  on preventing  the  ‘fatal  five’ behaviours  underpinning  road  trauma
(drug  and  drink  driving,  distraction,  seat  belt  wearing,  speeding,  and  fatigue),  along  with  an  emphasis
on  a shared  responsibility  for road  safety  that  spans  road  users,  vehicle  manufacturers,  designers,  policy
makers  etc. The  aim  of this  article  is  to clarify  who  shares  the responsibility  for  road  safety  in  Qld  and
to determine  what  control  measures  are  enacted  to prevent  the  fatal  five  behaviours.  This  is  achieved
through  the  presentation  of  a control  structure  model  that  depicts  the  actors  and  organisations  within
the  Qld  road  transport  system  along  with  the control  and  feedback  relationships  that  exist  between  them.
Validated  through  a Delphi  study, the  model  shows  a diverse  set of  actors  and organisations  who  share
ontrol theory the  responsibility  for road  safety  that  goes  beyond  those  discussed  in road  safety  policies  and  strategies.
The  analysis  also  shows  that, compared  to other  safety  critical  domains,  there  are  less  formal  control
structures  in  road  transport  and  that  opportunities  exist  to add  new  controls  and  strengthen  existing
ones.  Relationships  that influence  rather  than  control  are  also  prominent.  Finally,  when  compared  to
other  safety  critical  domains,  the  strength  of  road  safety  controls  is  brought  into  question.

©  2016  Elsevier  Ltd.  All  rights  reserved.
. Introduction

The impact that road safety communities worldwide have had
n reducing road trauma is without question. However, current and
rojected levels of road trauma confirm that road crashes continue
o represent a problem with outcomes that are comparable to other

ajor public health issues such as cancer, and cardiovascular and
espiratory diseases (WHO, 2011, 2014). Notably, it is a problem
hat is forecast to become greater in many areas (WHO, 2014). In
esponse to this, a growing body of researchers and practitioners
ave argued that a new systems thinking approach may  be one
ay of achieving new and ambitious road safety targets (Larsson

t al., 2010; Salmon and Lenne, 2015; Read et al., 2013). Central
o this argument is that current deterministic approaches to the
roblem do not fully consider the inherent complexity in trans-
ortation systems or the full range of factors shaping behaviour
Cornelissen et al., 2015; Larsson et al., 2010; McClure et al., 2015;

almon et al., 2012; Salmon and Lenne, 2015). For example, existing
esearch has focussed on either parts in isolation, such as drivers
e.g. Stephens and Fitzharris, 2016) or pedestrians (e.g. Dommes

∗ Corresponding author.
E-mail address: psalmon@usc.edu.au (P.M. Salmon).
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001-4575/© 2016 Elsevier Ltd. All rights reserved.
et al., 2015), or a particular component of the road trauma problem
such as text messaging while driving (He et al., 2016) or percep-
tions of speeding (Knight et al., 2013). Such applications have their
place, particularly in support of targeted interventions; however,
systems thinking proponents argue that specific road user focussed
interventions, such as education and enforcement, may leave many
other factors that influence behaviour untouched, which in turn
could limit their effectiveness (Larsson et al., 2010; Salmon et al.,
2012). Whilst these kinds of interventions have contributed to sig-
nificant reductions in road trauma in many countries, it is argued
that they may  have hit a ceiling in terms of effectiveness.

It is important to note here that the systems thinking philoso-
phy referred to above is different to the ‘safe systems’ philosophy
that is currently prevalent in road safety strategies worldwide
(e.g. Johansson, 2009; Wegman et al., 2008). Although there are
similarities, Salmon and Lenne (2015) discuss the key differences
between the two. An absence of systems thinking in accident pre-
vention activities is acknowledged to be a flawed approach to
safety management (e.g. Dekker, 2011; Reason, 1997). Emphasis-
ing this, applications of systems thinking in other safety critical

domains have shed new light on the causes of accidents (e.g. Goode
et al., 2014; Newnam and Goode, 2015; Salmon et al., 2013; Zhang
et al., 2016). More generally, a review of 134 studies involving
applications of sociotechnical systems theory found that almost

dx.doi.org/10.1016/j.aap.2016.05.025
http://www.sciencedirect.com/science/journal/00014575
http://www.elsevier.com/locate/aap
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aap.2016.05.025&domain=pdf
mailto:psalmon@usc.edu.au
dx.doi.org/10.1016/j.aap.2016.05.025
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0% reported improvements in safety (88%) and productivity (87%)
Pasmore et al., 1982).

Based on successful applications such as these, it is argued
hat a more holistic consideration of road transport systems and
he factors underpinning road user behaviour and road trauma
ill support the development of new interventions that focus

pon aspects beyond the behaviour of road users (e.g. policy, road
afety strategies, design standards and guidelines). Early applica-
ions underpinned by systems thinking have confirmed that such an
pproach is applicable in road transport systems (e.g. Cornelissen
t al., 2013; Newnam and Goode, 2015; Salmon et al., 2012, 2016)
nd that it is possible to model road systems and the systemic influ-
nces on behaviour and trauma (Goh and Love, 2012; McClure et al.,
015). Although this early work shows promise, studies considering
verall road transport systems and the range of factors influencing
oad user behaviour are sparse.

The need to consider the overall road transport system derives
rom the notion that crash contributory factors may  also reside out-
ide of the ‘safe system’ elements of road users, vehicles, and the
mmediate road environment (Salmon and Lenne, 2015). Accidents
re known to be emergent properties of complex sociotechnical
ystems; that is, factors from across the overall ‘system’ interact to
reate them (Dekker, 2011; Leveson, 2004; Rasmussen, 1997). Road
ransport is a complex sociotechnical system, comprising many
nter-related components (Larsson et al., 2010; Salmon et al., 2012),
et the role and interaction of factors outside of road users, vehi-
les and the road environment in road trauma remains unclear. In
he Australian context, for example, there is limited information
egarding the systemic factors that interact to create the fatal five
ehaviours. The growing complexity of road transport systems may
ave outpaced our understanding of what they comprise, of what

actors interact to create road trauma, and of how to make them
afer.

To cope with this complexity, methods underpinned by com-
lex and sociotechnical systems theory are required to support
oth analyses of crash-related behaviours and the development
f countermeasures; however, such methods are only beginning
o gain traction in road safety circles (Salmon and Lenne, 2015).
s a first step in initiating a systems thinking approach to road

rauma, Larsson et al. (2010) and Salmon et al. (2012) discussed the
eed to use systems analysis approaches to describe road trans-
ort systems and the interrelations between entities within them.
imilarly, Salmon and Lenne (2015) argued that such approaches
hould be applied during crash and road system analysis efforts.
his paper responds to this call by presenting a Systems Theoretic
ccident Model and Process (STAMP; Leveson, 2004) control struc-

ure model of the road transport system in Qld, Australia. The aim
f the analysis was to identify the range of actors and organisations
ithin the Qld road transport system along with the key relation-

hips that exist between them. The intention was to clarify who
urrently shares the responsibility for the fatal five behaviours and
oad trauma in Qld, to examine how the responsibilities are cur-
ently enacted, and in turn provide a basis for identifying crash
ontributory factors outside of road users, vehicles, and the road
nvironment. While the analysis presented is based on the Qld sys-
em, the structure of road transport systems is sufficiently similar,
t least in developed nations, that we expect the findings of the
nalysis to be broadly generalizable to other jurisdictions.

.1. STAMP and control theory

STAMP (Leveson, 2004), originally developed as an accident

nalysis methodology, is underpinned by systems and control the-
ry. The method takes the view that accidents result from the

nadequate control or enforcement of safety constraints; when
isturbances, failures, or dysfunctional interactions between com-
d Prevention 96 (2016) 140–151 141

ponents are not handled by existing control systems (Leveson,
2004). In the road safety context, for example, the model might
suggest that accidents relating to drink driving (or drunk driving in
the US) occur when controls such as Blood Alcohol Testing (BAC),
driver penalties, and education campaigns fail to stop drivers from
driving under the influence. STAMP therefore views safety as an
issue of control and one that is managed through a control structure
that has the goal of enforcing constraints on actors within the sys-
tem. The STAMP methodology was  developed to support analysts in
identifying what controls exist and where particular controls were
ineffective in a particular incident.

Leveson (2004) describes various forms of control, includ-
ing managerial, organisational, physical, operational and
manufacturing-based controls. That is, behaviour is controlled
not only by engineered systems and direct intervention, but also
by policies, procedures, shared values, and other aspects of the
organisational culture. The first phase of STAMP involves using
a control structure modelling technique to describe the system
under analysis and the control relationships that exist between
components across its different levels related to both system
design and system operation. The control structure model views
systems as comprising interrelated components that maintain a
state of dynamic equilibrium through feedback loops of control
and information (Leveson, 2004). Accordingly, control struc-
ture models incorporate a series of hierarchical system levels
and describe the actors and organisations that reside at each
level. Control and feedback loops are included to show what
control mechanisms are enacted down the hierarchy and what
information about the status of the system is sent back up the
hierarchy.

A generic control structure model is presented in Fig. 1 (Leveson,
2004). The left hand side of Fig. 1 shows a generic control struc-
ture for system development whereas the right hand side shows a
generic control structure for system operation. The arrows flowing
down the hierarchy represent control relationships (or reference
channels, Leveson, 2004) and the arrows flowing up the hierarchy
represent feedback loops (or measuring channels, Leveson, 2004).
In relation to the drink driving example described above, the Police
would enact the control of ‘random BAC testing’ on road users. In
turn, BAC level would represent a form of feedback between drivers
and Police officers, and in turn statistics regarding the number of
positive and negative BAC tests would be communicated to those
at the higher levels of the system to enable road safety authorities
and policy makers to assess whether current controls are having
the desired impact.

Once the control structure is developed it can be used to sup-
port various analyses. For example, for accident analysis purposes
a taxonomy of control failures is applied to identify and classify
the control failures that played a role in the incident under analysis
(see Leveson, 2004). Alternatively, the control structure can be used
in risk assessment efforts to identify points of weakness or poten-
tial hazards within the system. An additional but less commonly
used component of STAMP involves using systems dynamics mod-
elling to analyse the behaviour of the system over time. This enables
the interaction of controls, control failures and feedback loops to
be demonstrated along with their effects on behaviour. Whilst
the method has typically been used for the analysis of large-scale
catastrophes (e.g. Kim and Nazir, 2016; Underwood and Waterson,
2014), the control structure component is useful in isolation as a
systems modelling tool. In the present case study the control struc-
ture component was used on its own  to demonstrate its utility in
providing a description of a complex system, without the need to

refer to specific incidents or accidents. The remainder of this article
therefore focuses on the control structure for system operations in
the Qld road transport system.
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Fig. 1. STAMP generic control structure model.
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Adapted from Leveson, 2004)

. Methodology

.1. Qld road transport system control structure development

Initially two researchers constructed a draft control structure
odel of the Qld road transport system. The process involved:

. Adapting the STAMP control structure levels shown in Fig. 2 to
fit the Qld Road transport system (see Table 1 for descriptions of
Qld road transport system levels);

. Identifying actors and groups who reside at each of the control
structure levels; and

. Identifying the control and feedback loops existing between the
different control structure levels.

Development of the control structure model was based on
nformation derived from various sources, including road system
ocumentation (e.g. road rules and regulations, road safety strate-
ies, policy documents), stakeholder websites (e.g. Transport and
ain Roads Queensland website), and the academic literature (e.g.

cott-Parker et al., 2015a; Newnam and Goode, 2015). Following

his, a third analyst reviewed the model and provided feedback.
ll three analysts then met  and worked through the model until
onsensus was reached regarding the structure, components and
elationships depicted in the model.
2.2. Qld road transport system control structure validation

A final draft of the control structure model was refined and
validated via a modified two- round Delphi study (Linstone and
Turoff, 1975). The aim of the Delphi study was  to gather feed-
back on the model from appropriate Subject Matter Experts (SMEs),
refine the model, and then reach consensus from the SMEs that its
contents were valid. Local and international experts in road safety,
systems thinking and complex systems modelling were identified
from authorship of peer reviewed papers and from professional
web profiles. The contact details of 288 potential participants were
identified from publicly available sources and these experts were
invited to participate in Round 1 of the study.

Forty-four participants (26 males, 18 females) responded to the
invitation and completed Round 1. An overview of the participants’
demographic information is presented in Table 2. Participants had
a mean age of 45 years (SD = 11.96 years—1 participant did not
indicate their age). The majority of participants were employed at
universities (22), then in government/the public sector (12), the
private sector (7), other (2) and not-for-profit (1). Participants self-
reported their level of expertise (high, medium, low, none) and
across the participant group, 20 (45.45%) participants had high level
of expertise in road safety, 23 (52.27%) participants had high level

of expertise in human factors and 14 (31.82%) participants had high
level of expertise in systems thinking. The majority of participants
(59.09%) reported a high to medium level of knowledge of the Aus-
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Fig. 2. Qld road transport sy

ralian road transport system while 40.91% had a high to medium
evel knowledge of the Qld road transport system specifically.

Participants were provided with the final draft of the Qld con-
rol structure model along with a written overview of the STAMP

ethod and the Qld control structure, and formal definitions for
ach control and feedback mechanism identified within the model.
dditionally, they were provided with a link to an online ques-

ionnaire. Following a series of demographic questions designed
o gather information on gender, age, experience, qualifications
nd expertise, the questionnaire requested participants to review
he model and associated definitions and then respond to a set of
uestions regarding the control structure levels and actors, control
echanisms, and feedback loops (see Table 3).
An understanding of the level of consensus on the model was
ought via the questions relating to the extent to which participants
greed that the model provided a comprehensive description of the
ctors, control mechanisms, and feedback loops embedded in the
perations control structure.

Qld road transport system. Consensus was  said to exist when at
least 80% of participants agreed that the overall model was appro-
priate and that no further modifications were required. Although
this is more conservative than the level used in other Delphi stud-
ies (Keeney et al., 2006), this criterion was  selected to represent as
close to a unanimous view as possible.

Responses to the overall question of agreement with the model
in Round 1 showed that 82.93% of participants agreed or strongly
agreed that the draft model provides a comprehensive description
of the Qld road transport system. However, a considerable amount
of feedback was provided in response to the open-ended questions.
On completion of Round 1, the analysts reviewed the feedback
provided by participants, discussing each point and modifying the

model where the feedback was deemed appropriate and within
scope of the wider research program (for example, comments relat-
ing to issues outside of the fatal five behaviours, such as specific
motorcycle and cyclist issues, were deemed out of scope). A revised
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Table 1
Qld road transport system STAMP control structure levels.

Level Description

Level 1: Parliament &
legislatures

In the Australian system of government, there are both federal and state governments represented at this level. Their powers to
legislate for different aspects of road transport are dictated by The Constitution of Australia, which is positioned at the top of this
level to demonstrate its role in controlling the distribution of legislative powers amongst governments.
Actors at this level include the state and federal parliaments, Ministers with transport portfolios, government committees and
councils (including COAG − the Council of Australia Governments) and federal research funding bodies (such as the Australian
Research Council and the National Health and Medical Research Council).

Level 2: Government
agencies, user groups,
industry associations,
courts, universities

Government agencies as well as regulators, industry associations and user groups and the courts reside at this level. Such actors
are  generally enacted by legislation or hope to influence the legislatures.
Actors at this level include government agencies and statutory bodies, safety regulators, user and industry associations and courts.
A  key government organisation at this level is the QLD Department of Transport and Main Roads (TMR).

Level  3: Operational
delivery and management

The operational delivery and management level includes a range of organisations who are involved in road transport operations
including the operational divisions of TMR  (responsible for driver licensing, vehicle registration, etc.), as well as employers of
professional drivers (such as heavy vehicle drivers, bus drivers, taxi drivers, etc.). It also includes groups such as ANCAP (who
provides consumer safety ratings of new and used cars), hospitals (who collect and classify data about injuries following crashes),
research groups and the media.

Level 4: Local management
and supervision

This level includes the actors that can directly supervise and/or influence the driving process (e.g. the Police, parents, friends and
peers). This level also includes actors such as the emergency services, schools, supervisors in the workplace, traffic controllers
who  direct drivers during roadworks, workers in the traffic management centre and vehicle mechanics/inspectors.

Level  5: Operating process
and environment

The operating process for the road transport system is defined as the interaction of road users with vehicles and vehicle systems.
This  occurs through road users manipulating controls within the vehicle and gaining information about the vehicle’s functioning
via  displays. Of course, in the road transport system there are many road users interacting with their vehicles, which are also
included at this level. Also included is the road and related infrastructure which is part of the driving environment. This includes
the  road surface, road layout, road markings, signage, etc.

Table 2
Delphi study participants.

Gender and Age Current Employment Expertise (rated as high) Knowledge of Australian and Qld Road Transport Systems

Round 1 respondents
26 Male University = 50% Road Transport = 20% Australian road transport system
18  Female Government/public sector = 27% Road Safety = 45% High to Medium = 52%
Mean Age = 45yrs (SD = 11.96) Private sector = 16% Human Factors = 52% Qld road transport system

Not-for-profit = 5% Systems Thinking = 32% High to Medium = 41%
Other = 2%

Round 2 respondents
15 Male University = 56% Road Transport = 11% Australian road transport system
12  Female Government/public sector = 22% Road Safety = 33% High to Medium = 57%
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Mean Age = 46yrs (SD = 13.89) Private sector = 15% Hum
Not-for-profit = 0% Sys
Other = 7.4%

ontrol structure model was developed through this process. In
ound 2, the revised control structure model was disseminated to
he original cohort of participants who were asked to respond again
o the set of questions described in Table 1. Participants were also
rovided with general information on the changes made in line
ith feedback from Round 1, so that they could assess whether

heir views aligned with those of other participants, and change
heir opinions if desired.

. Results

.1. Delphi study results

Table 4 shows the Delphi study results relating to the extent to
hich participants agreed that the model provided a comprehen-

ive description of the actors, control mechanisms, and feedback
oops extant within the Qld road transport system.

As shown in Table 4, following Round 2 of the Delphi study,
ver 90% of participants indicated that they agreed that the model
rovided a comprehensive description of the actors, control mech-
nisms, and feedback loops associated with the Qld road transport
ystem.
.2. Qld road transport system control structure

The final Qld road transport system operations control structure
odel is presented in Fig. 2. Within Fig. 2, the downward flowing
ctors = 41% Qld road transport system
hinking = 25% High to Medium = 44%

arrows and text linking the higher levels to the lower levels repre-
sent control mechanisms imposed by actors and/or organisations
at the level above on actors and/or organisations at the level below.
For example, Police officers at Level 4 of the model impose control
on the road users at Level 5 via monitoring, enforcement and penal-
ties. Likewise, at Level 1 national and federal parliaments impose
control on the level below (government agencies, industry associa-
tions, user groups and the courts) through national policy. It is also
worth noting that control mechanisms exist between non-adjacent
levels (as represented by curved arrows). For example, at Level 3
the Department of Transport and Main Roads imposes licensing and
registration controls on road users at Level 5.

The dashed arrows flowing upward through the model rep-
resent feedback mechanisms whereby actors and organisations
provide information regarding the status of the system to those
higher up in the system. This is a key component of system
functioning and enables higher levels to understand how the
system is operating at the lower levels, which in turn informs
decision-making. For example, ‘Government reports’ are a feedback
mechanism provided by Level 2 (government agencies, industry
associations, user groups and the courts) to Level 1 (parliament
and legislatures). At the lower levels of the system, crash reports
are provided to Police officers (Level 4) by road users (Level 5) who

were either involved in the crash or witnessed the crash. As with
the control relationships, feedback relationships may  exist between
adjacent levels of the control structure (shown by straight dashed
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Table  3
Delphi questions.

Control structure levels and Actors

Are the level descriptors appropriate for this system?
Are there any road transport-related actors missing that should be included in the control structure?

If  so, what are they and at what level should they be placed?
Are there any actors in the draft control structure that are expressed incorrectly or should not be included? If so, what are they?
Are  there any actors in the draft control structure that would be better placed at another level within the diagram? If so, where should they be placed?
Based on your knowledge of the Queensland road transport system or road transport systems generally, to what extent do you agree that the draft model

comprehensively identifies all relevant levels and actors involved in the Queensland road transport system? (Strongly agree, agree, disagree, strongly
disagree, don’t know)

Control mechanisms

Are there any control mechanisms missing in the draft control structure? If so, what are they?
Are there any control mechanisms in the control structure that are expressed incorrectly or should not be included? If so, what are they?
Based  on your knowledge of the Queensland road transport system or road transport systems generally, to what extent do you agree that the draft model

comprehensively identifies all relevant control mechanisms operating within the Queensland road transport system? (Strongly agree, agree, disagree,
strongly disagree, don’t know)

Feedback mechanisms

Are there any feedback mechanisms missing in the draft control structure? If so, what are they?
Are  there any feedback mechanisms in the control structure that are expressed incorrectly or should not be included?
Based  on your knowledge of the Queensland road transport system or road transport systems generally, to what extent do you agree that the draft model

comprehensively identifies all relevant feedback mechanisms operating within the Queensland road transport system? (Strongly agree, agree, disagree,
strongly disagree, don’t know)

Control/feedback within levels

Are there any important control mechanisms that exist between actors within levels of the control structure that you think should be identified in the model?
Are  there any important feedback mechanisms that exist between actors within levels of the control structure that you think should be identified in the

model?

Overall

Overall, to what extent do you agree that the draft model provides a comprehensive description of the actors, control mechanisms and feedback mechanisms
associated with the Queensland road transport system? (Strongly agree, agree, disagree, strongly disagree, don’t know)

Do  you have any additional comments on the draft control structure or suggestions for improving the model?

Table 4
Delphi study results relating to participants’ agreement with model contents.

Model
comprehensively
identifies all actors

Model
comprehensively
identifies all relevant
control mechanisms

Model
comprehensively
identifies all relevant
feedback mechanisms

Model comprehensively
identifies all relevant actors,
control mechanisms and
feedback mechanisms

Strongly agree 50% (13) 34.62% (9) 36% (9) 34.62% (9)
Agree 46.15% (12) 57.69% (15) 60% (15) 61.54% (16)

Total% agreement 96.15% (25) 92.31% (24) 96% (24) 96.16% (25)
Disagree 3.85% (1) 3.85% (1) 4% 3.85% (1)
Strongly disagree 0 0 0 0
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r

Total% disagreement 3.85% (1) 3.85% (1) 

Don’t  know 0 3.85% (1) 

rrows) or they may  exist between non-adjacent levels (shown by
urved dashed arrows).

A final feature of the model is the use of grey shading to denote
hose actors and organisations who have formal decision making
uthority. For example, at Level 1 the prime minister and cabinet
ode is shaded grey as they have formal decision making author-

ty around controls such as a policy, strategies and actions plans,
hile the Federal and Qld Parliaments are shaded as they have the

ower to determine the passing of laws that regulate and otherwise
nfluence the road transport system. Similarly, at Level 4, Police offi-
ers are shaded as they are able to enforce the road rules through
echanisms such as penalty notices.
.3. Australian society and international influences

The two outer boxes surrounding the control structure model
epresent the Australian societal and international context within
4% 3.85% (1)

0 0

which the Qld road transport system operates. Australian society
has an influence on road transport system behaviour at the var-
ious levels through social norms that influence people’s choices
(e.g. Meesmann et al., 2015) and the policies and strategies devel-
oped and adopted by organisations. The international context level
includes the different organisations that enact influences or con-
trols onto actors and organisations within the Qld road transport
system. Road safety strategy and policy in Qld  is impacted by deci-
sions and commitments made in international government forums,
such as the United Nations Road Safety Forum and the World Health
Organisation (WHO) through their decade of road safety action
plan (WHO, 2011). The vehicles designed and built by interna-
tional vehicle manufacturers (e.g. General Motors, Hyundai, Ford),
and the devices integrated within vehicles are required to con-

firm to standards set by international standards bodies, such as
the International Organization for Standardization (ISO) who pub-
lish standards around vehicle design, intelligent transport system
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esign etc. International road safety authorities and groups such as
he international Road Assessment Program (iRAP) and Global New
ar Assessment Program (Global NCAP) also influence many actors
nd organisations with Qld. For example iRAP provide assessment
nd ratings of roads and track road safety performance through
usRAP (see http://www.irap.org/en/about-irap/about-us).

In the context of the (control structure) model developed here,
he controls enacted by the international level include international
oad safety strategies (e.g. the decade of action road safety plan),
tandards and guidelines (e.g. ISO standards), products such as
ehicles, licensing schemes, and research funding. In turn, feedback
oming out of the Qld road transport system includes government
eports, research findings, financial reporting, and advocacy and
obbying.

.4. Level 1 parliament and legislatures

Level 1 and its control and feedback relationships with Level
 of the control structure are shown in Fig. 3. Level 1 of the con-
rol structure represents the highest level of the Qld road transport
ystem, comprising both federal and state governments and related
oordination agencies. With Australia being a federation, the law-
aking powers of the federal and state jurisdictions are delineated

y the Constitution of Australia. For example, the Constitution
tates that the Federal Parliament can make laws relating to free-
om of interstate trade and commerce. This allows for the making
f national heavy vehicle regulations. However, there is no general
ower for federal legislation around road transport. Therefore, the
tates, including Qld, make their own road rules. Underneath the
onstitution sit the state and federal parliaments, Ministers with
ransport portfolios, government committees and councils (includ-
ng COAG − the Council of Australia Governments), political parties,
ocal councils, the Australian Local Government Association and the
ld Local Government Association.

The primary control mechanisms enacted by this level are
ational policy, such as the National Road Safety Strategy
011–2020 (NRSS; Department of Infrastructure and Regional
evelopment, 2015) and laws and rules regarding operation of the

oad system. The NRSS includes a set of national road safety goals
nd actions and includes the target of reducing road deaths and
erious injuries by 30% by 2020. Responsibility for implementing
he NRSS is distributed across:

the Federal Government, who is responsible for allocating
resources for road networks and for regulating safety standards
for road vehicles;
state and territory governments, who are responsible for funding,
planning, designing and operating the road network, for man-
aging vehicle registration and driver licensing systems, and for
overseeing the enforcement of road user behaviour;
transport agencies (e.g. Transport and Main Roads Queensland,
2011), who are responsible for implementing actions laid out in
the NRSS and its associated action plan.

Other control mechanisms enacted from this level downward
nclude the provision of funding for activities such as infrastructure

anagement, road safety initiatives and research, coordination
nd agreements (e.g. the COAG inter-governmental agreement on
ost shifting), targets and performance measures (e.g. road safety
argets), and strategic research priorities (e.g. the Australian Gov-
rnment’s Science and Research Priorities, see http://science.gov.
u/scienceGov/ScienceAndResearchPriorities/Pages/default.aspx).
The feedback mechanisms coming into Level 1 primarily
elate to aggregated information regarding the overall safety and
fficiency-related performance of the road transport system. This
ncludes reports on the number of crashes and resulting fatali-
d Prevention 96 (2016) 140–151

ties and injuries, traffic flow and trip data, and information about
the financial performance of government and government-funded
agencies. Additional forms of feedback flowing into this level
include road safety research findings that influence policy and road
safety strategy, insurance data, advocacy and lobbying, and draft
legislation.

3.5. Level 2: government agencies, industry associations, user
groups, courts, universities

Levels 2 and 3 of the control structure are shown in Fig. 4. Level
2 of the control structure comprises federal and state government
departments and statutory bodies (e.g. Department of Infrastruc-
ture and Regional Development), safety regulators (e.g. Workplace
Health and Safety Qld), user groups and associations (e.g. Royal
Automobile Club of Qld) the courts, state Coroners and regulators
(e.g. the National Heavy Vehicle Regulator), the Motor Accident
Insurance Commission (who regulate the compulsory third party
insurance scheme in Qld) and the Qld Police.

There are various forms of control enacted by those at Level 2
on actors and organisations at Level 3, including standards (e.g. the
Australian Design Rules), road transport policies, procedures and
codes of conduct (e.g. transport infrastructure asset management
policy), targets and performance measures, legal penalties (e.g.
regulatory penalties issued on organisations), case law, research
funding, planning and policy development, funding and resources,
coronial recommendations, audits and inspections, and contractual
agreements (e.g. road maintenance contracts).

There are various feedback mechanisms informing Level 2 about
road transport system performance. Key feedback mechanisms
from Level 3 to Level 2 include reporting around infringements,
crashes, fatalities and injuries, traffic flow and trips, financial per-
formance, and registration and licensing. In addition, a key feedback
mechanism for level 2 is research findings, whereby research
groups provide reports and presentations to key road safety bod-
ies such as Transport and Main Roads Qld and Qld  Police. Finally,
insurance claims data is also fed up to the Motor Accident Insurance
Commission by insurance companies.

3.6. Level 3: operational delivery and management

The operational delivery and management level of the model
includes actors and organisations engaged in key road transport
operations tasks such as licensing and registration, employment of
professional drivers, and the allocation of safety ratings. In addi-
tion, research groups and the media are included at this level, since
they investigate and report on matters relating to the delivery and
management of road safety.

The actors and organisations included at this level are shown in
Fig. 5 and include the operational division of Transport and Main
Roads Qld who oversee all aspects of driver and vehicle licensing
and registration. Organisations who  employ professional drivers
are also placed at this level, including freight organisations and
public transport providers (e.g. bus and taxi services). Road safety
research groups such as the Centre for Accident Research and Road
Safety (CARRS-Q, see http://www.carrsq.qut.edu.au/) also reside at
this level, as do hospitals as they collect injury information relat-
ing to road trauma. A notable group at this level is the Australasian
New Car Assessment Program (ANCAP), an independent group who
provides ratings on the safety features of different vehicle models
available within Australia.

The actors and organisations at Level 3 enact many con-

trol mechanisms within the model. Some of the key control
mechanisms enacted on those at Level 4 include infrastructure
management planning, training (e.g. for professional drivers and
driving instructors), policy and procedures around driver training
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Fig. 3. Levels 1 and 2 of the Qld road transport system control structure.

Fig. 4. Levels 2 and 3 of the Qld road transport system control structure.
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nd employment (e.g. working hours within freight organisations),
ccreditation and licensing (e.g. accreditation of driving instruc-

ors), registration, insurance policies, and road auditing. A key
ontrol mechanism enacted on Level 4 is initiatives, which cover
ocal initiatives developed with the specific aim of improving road
ld road transport system.

safety (for example drink driving blitzes, community education
programs etc.).
The actors and organisations situated at Level 4 in the model
use a range of feedback mechanisms to update those operating
at Level 3. The feedback mechanisms provide information regard-
ing infringements, crashes, fatalities and injuries, traffic flow, and
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rips. In addition, complaints made to employers and local councils
egarding safety issues provide a key feedback mechanism between
evels 4 and 3, which in turn inform activities such as the devel-
pment of initiatives. Finally, maintenance and inspection reports
rovide a key mechanism for Level 3 actors and organisations to
nderstand the condition of roads and vehicles.

.7. Level 4: local management and supervision

Level 4 in the control structure comprises actors and organisa-
ions that either directly control, supervise or influence behaviour
n the roads. The primary actors at this level are Police officers
ho play a key role in supervising road user behaviour, enforcing

oad rules and regulations, and providing a traffic control function
hen necessary. The emergency services are also included as pro-

iding control mechanisms in the event of a road crash. Friends,
arents and peers, and the community are also present at this level.
or example, parents influence driver behaviour through various
eans including the strategies they use to teach their children

o drive, how they educate their children, and how they regu-
ate compliance with graduated licensing systems (Scott-Parker
t al., 2015b). In addition, the influence of passengers and peers
n driver behaviour is well known, particularly for young drivers
e.g. Taubman et al., 2015).

Additional supervisory controls are provided by parents and
eers, schools, and workplace supervisors (for professional drivers
nd those who drive for work purposes). Other important actors
t this level include driving instructors, traffic management cen-
res and traffic response units. Traffic control mechanisms are
acilitated by traffic management centres, which monitor traf-
c behaviour and work with the police, emergency services,
oad maintenance organisations and public transport providers to

aintain network flow. Finally, vehicle inspectors and mechanics
rovide critical control functions related to road vehicles and the
xtent to which they are fit to be used on the road.

The control mechanisms enacted by those at Level 4 relate
pecifically to the control of road user behaviour. Police officers
nforce the road rules through monitoring and measuring road
ser behaviour (e.g. speeds), alcohol and drug testing, examining
he condition of vehicles, and issuing warnings and fines. Super-
isory controls, such as monitoring driver behaviour, providing
eedback on performance, and educational activities are enacted
y parents, friends and family, workplace supervisors, and schools.
inally, mechanics and vehicle inspectors control the condition of
oad vehicles to ensure that they are within the standards required
y road licensing rules and regulations.

The primary feedback mechanism coming into Level 4 is offered
y road users who provide specific information regarding road
ser behaviour and road system performance. This feedback is
rovided through crash reporting (e.g. driver statements to police
nd emergency services), incident reporting (e.g. drivers reporting
o work supervisors regarding near miss incidents), maintenance
eports and infringement histories. Further, important feedback

echanisms between Levels 5 and 4 are observations of road user
ehaviour and driving performance and traffic flow data held by
oad cameras and traffic management centres.

.8. Level 5: operating process and environment

The final level in the model incorporates vehicles and their
uman operators along with the operating environment which

ncapsulates the surrounding natural and built environment,
eather and ambient conditions, the road infrastructure (e.g. road,

oad signage and signals) and other road users (e.g. drivers, passen-
ers, non-motorised and vulnerable road users).
d Prevention 96 (2016) 140–151

At this level the most basic form of control involves drivers
exerting control over their vehicles (e.g. acceleration, steering)
and, in turn, vehicle systems providing feedback about the sta-
tus of the vehicle and vehicle performance back to the drivers
(e.g. tachometer, speedometer). Outside of the vehicle, the oper-
ating environment enacts control on drivers through enforcement
and penalties (e.g. speed cameras, red light cameras), route guid-
ance through signage, information regarding rules and regulations
(e.g. speed limit signage), the design of the road and built environ-
ment (e.g. roadways, barriers, footpaths), the natural environment
(e.g. trees, hedges, grass verges) and social controls such as verbal
and non-verbal communications from other road users. In addition,
weather and the ambient lighting can also act as a form of control,
restricting some drivers and influencing the behaviour of others.
Feedback is provided to the operating environment by individual
drivers and their vehicles via their observable on-road behaviours
(e.g. compliance with speed limits and traffic signals) and com-
munications with other road users (e.g. indicator use, physical
gestures).

3.9. Control and feedback loops within levels and between
non-adjacent levels

It is worth noting that control mechanisms were found to exist
between non-adjacent levels (as represented by curved arrows in
Figs. 2–4). For example, at Level 3 Transport and Main Roads Qld
imposes licensing and registration controls on road users at Level
5. For feedback, road users at Level 5 of the model may make com-
plaints about the road system (e.g. poor design or maintenance) to
the Department of Transport and Main Roads Qld, advocacy groups,
research groups etc. at Level 3 of the model. In addition, interactions
(control, feedback, and other interactions) between organisations
within each of the levels were identified; however, it was not pos-
sible to identify and represent them all in this study.

4. Discussion

The aim of this article was  to present a STAMP control structure
model of the Qld road transport system. The model was  devel-
oped in response to recent calls for systems analysis methodologies
to be used in road transport system modelling applications (e.g.
Larsson et al., 2010; Salmon and Lenne, 2015). The control struc-
ture model depicts the range of actors and organisations operating
within the Qld road transport system and outlines the key control
and feedback relationships between them. The model represents an
important first step in identifying the factors outside of road users,
vehicles, and the road environment that play a role in the fatal five
behaviours and road trauma. The following discussion focuses on
some of the key implications of the model, namely who shares the
responsibility for road safety, the nature and impact of the control
and feedback mechanisms identified, and the extent to which cur-
rent systems support the identification of crash contributory factors
at the higher levels of the control structure model.

4.1. Who  shares the responsibility for road safety?

For some time now road safety strategies worldwide have been
driven by the accepted notion that road trauma in any given road
transport system is a shared responsibility of all actors and organi-
sations residing within that system. Despite this, discussion on who
actually shares the responsibility for road trauma has been sparse,
and has typically only referred to a sub-set of highly visible actors

and organisations. For example, the NRSS argues that “Achieving
lasting change in road safety will require governments, industry
and the broader community to work together” (p. 32, Australian
Transport Council, 2011), referring to a series of ‘system managers’
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ncluding road planners, designers, builders, vehicle engineers, fleet
perators, policy makers, business professionals, and individual
oad users (Australian Transport Council, 2011). A key contribution
f the control structure model is to go beyond this and provide some
larification around who actively shares the responsibility for road
rauma in Qld. By detailing the range of actors and organisations
nvolved in road system operation in Qld, the control model struc-
ure takes a step towards this. First, the actors and organisations are
escribed, and second, the key roles that they play can be inferred
y the control relationships and feedback mechanisms presented.

t can be concluded from the model that a diverse set of actors
nd organisations share the responsibility for road trauma in Qld.
otably, these go beyond the ‘system managers’ referred to above,

overing the Constitution and government, government agencies,
nions, research institutions, local government, road safety author-

ties, insurance groups, the media, driver trainers, advocacy groups,
he police and emergency services, road users, parents and peers,
nd schools to name only a few. Another important finding from the
odel is the role that international organisations play in shaping

he operation of Qld’s road transport system.

.2. What controls are enacted?

In her original article outlining the STAMP model, Leveson
2004) describes various forms of control, including manage-
ial, organisational, physical, operational and manufacturing-based
ontrols. It is interesting to note that all of forms of control outlined
y Leveson (2004) are extant in the Qld road transport system.
or example, managerial and organisational controls are present
hrough the government at the higher levels of the system and also
rganisations who employ professional drivers. Whilst the higher

evels are characterised by managerial and organisational controls,
he lower levels require more physical controls in the sense that
ttempts are made to actively control road users when they oper-
te on the road. For example, vehicles and the road infrastructure
rovide physical control over road users in terms of where they
an go, who they can interact with, and how fast they can travel. In
urn, road users provide physical control over vehicles and indeed
ther road users. Operational controls are provided by Police offi-
ers and road rules and regulations. Manufacturing-based controls
re also evident; for example, in international standards for vehicle
anufacturing.

In relation to the controls used to prevent the fatal five
ehaviours, the model shows how these are driven by road safety
trategy and policy at the higher levels, are managed through
rganisations such as the Police and Transport Main Roads Qld, and
re enacted on the roads either directly by Police, or indirectly by
thers such as parents, peers, and other road users. The primary
orm of control is enforcement of the road rules (e.g. random breath
esting, speed cameras). An interesting finding is the high reliance
laced on the Police in enacting controls (e.g. through enforce-
ent). It may  be worthwhile to identify other actors (human and

on-human) who can enact controls also. Examples of these already
n place include seatbelt warnings within vehicles and roadside
peed cameras. With the ever-increasing use of advanced technolo-
ies, future research should explore how technologies and other
ctors can be exploited to enact both existing and newly developed
oad safety controls. Examples include in-vehicle fatigue detec-
ion systems, alcohol interlocks, and mobile phones that become
nusable within road vehicles. Whilst new forms of control may
e required, an important finding is that the enactment of controls
hould exploit actors other than the Police.
The relative strength of the controls is also interesting, partic-
larly when compared to other more heavily regulated transport
ystems such as aviation and rail. Although similar forms of control
re enacted in other transport systems, it is apparent that some
d Prevention 96 (2016) 140–151 149

forms of control are weaker within road transport. As a conse-
quence there is more latitude for behaviour and, in turn, greater
potential for controls to be less than optimal. For example, con-
trols around driver impairment appear to be stronger in areas such
as civil aviation, whereby pilots have to comply with strict rules
around alcohol consumption and are often tested for alcohol before
flying the plane (major airlines are required to perform random
alcohol testing each year on at least 10% of their employees and drug
testing on at least 25% of their employees, FAA, 2015). Although
road users are bound by rules and can be tested via random breath
testing, the nature of the road transport system is such that the
controls around alcohol are less comprehensive and subsequently
there is more latitude for road users to drive under the influence.
The impact of this is seen through the prominent role of drink driv-
ing in road trauma. For example, in Qld between 2006 and 2011
over a quarter of all road crash fatalities involved a drink driver
or rider. This is in contrast with civil aviation, where an Australian
Transportation Safety Bureau (ATSB) database review of all crashes
between 1975 and 2006 found a total of 22 crashes in which alco-
hol was a contributory factor. These accounted for only 0.02% of all
occurrences recorded in the database for the same period (ATSB,
2006).

The same can said for the other key road trauma-related
behaviours (fatigue, speeding, distraction, failure to use seat belts)
whereby other transportation systems appear to have stronger,
more effective controls for similar issues through rules and regula-
tions, performance monitoring, and procedures. A challenge for the
road safety community is to strengthen the controls and influences
enacted on road users whilst at the same time ensuring that they
are practical to enact and do not become overly intrusive. It is likely
that this will involve new forms of control rather than attempting
to simply increase the frequency within which existing controls
are enacted through avenues such as more random breath testing
and more monitoring of road user behaviour and speeds. Rather,
new approaches to preventing the behaviours underpinning road
trauma may  be required. In the case of drink driving, for example,
alcohol interlocks represent one obvious means of strengthening
controls. However, whilst their effectiveness in preventing drink
driving has been shown (Ullman, 2016); the practicalities around
incorporating interlock devices into all vehicles are questionable.
A systems approach such as that taken in the present study will
enable the development of a suite of controls that target actors
and organisations across the entire road transport system through
identifying non-traditional avenues for intervention, particularly
at the higher levels of the system. For example, given that many
individuals will engage in work-related driving, subsidies provided
by government or insurers to companies to improve fleet safety
and driver training initiatives could have cross-over impacts on
drivers’ behaviours and expectations of employees when driving
in a personal context.

4.3. Road trauma as a systems problem

An important finding from the analysis presented is further evi-
dence that road trauma is a systems problem that is driven also
by factors outside of road users, their vehicles, and the road envi-
ronment. This is evidenced by the myriad actors and organisations
within the control structure model that influence how the road
transport system operates. In line with systems thinking it may
be more appropriate to consider driver, vehicle and road environ-
ment factors as consequences rather than causes. That is they can

be viewed as the consequence of issues within the road transport
system, and indeed wider society. This provides a different per-
spective and potentially offers different avenues when developing
road safety interventions.
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.4. What controls fail?

The next step in a full STAMP analysis involves examining what
ontrols fail in accident scenarios. In relation to road trauma-
elated incidents involving the fatal five behaviours, it is apparent
hat the known control failures reside at levels 4 and 5 of the con-
rol structure, including enforcement, education, social controls,
ehicle control, and rules and regulations. Unfortunately, little is
nown about the role played by control failures at the other levels
f the model. Indeed, a final important contribution of the model

s that it raises questions regarding the extent to which existing
oad crash data collection and analysis systems consider contrib-
tory factors (or control and feedback failures) across the levels,
ctors and organisations described. By describing the road system
n this manner, the model shows clearly that there are control
nd feedback relationships that can fail or be inadequate, which
n turn influence road system behaviour. In doing so, the model
uggests that interactions between these actors and organisations
an play a role in creating or enabling the fatal five behaviours
nd road trauma—either through inappropriate or ineffective con-
rols or a failure to implement controls. Other recent studies (e.g.
ewnam and Goode, 2015; Salmon and Lenne, 2015) also sug-
est that there are important contributory factors that reside at
he higher levels of road transport systems and that road crashes
re emergent properties impacted by the decisions and actions
f all actors within the road system, not just by the road users
lone. This raises important questions about current road crash
ata collection and analysis systems. In particular, whether they are
ufficiently identifying the range of contributory factors involved
n road trauma. Even with the most in-depth crash systems, the
dentified contributory factors are heavily oriented around drivers,
heir vehicles, and the road environment, with little information
egarding less direct contributory factors residing at the higher
evels of the system (Salmon et al., 2010). In relation to the con-
rol structure model presented, this suggests that currently only
he crash contributory factors residing at the operating process
nd environment level (e.g. driver, vehicle, and environmental fac-
ors) are well understood. Aside from selected additional factors
t the local management and supervision level (e.g. the role of
assengers), there is little understanding of, and no data avail-
ble on, a range of potential crash contributory factors across the
ve other levels specified in the control structure model. Examples
ight include issues related to driver training programs, work pres-

ures, traffic management, licensing and registration, road rules
nd policy, road design and manufacturing processes, funding etc;
owever, without the appropriate data collection and analysis sys-
ems it is not possible to identify these factors. A key contribution
f the model presented is to further emphasise this capability
ap.

The key to identifying these higher level contributory factors lies
n examining the relationships and interactions between the actors
nd organisations residing at the higher levels of the road system.
he development of systems thinking-based crash data collection
nd analysis systems is a key future research requirement that has
reviously been articulated (e.g. Salmon and Lenne, 2015) and is
ne that is further emphasised through this study. Notably, simi-

ar systems have been developed in other areas and have resulted
n advances in the knowledge base around the contributory fac-
ors involved in accidents (See Salmon et al., in press). As a key
rst step in the process of improving road crash data systems, the
uthors are currently mapping Qld’s road crash data onto the con-
rol structure in order to highlight where gaps in the knowledge

ase exist. Following this, SME  workshops will be held to identify
otential contributory factors at the higher levels of the control
tructure.
d Prevention 96 (2016) 140–151

4.5. How suitable is STAMP for road safety applications?

As a first of its kind application in road safety the analysis
revealed that while STAMP’s control structure could be usefully
applied to understand Qld’s road transport system, some impor-
tant methodological limitations were identified. One feature of the
control structure model is that many of the mechanisms identified
may not in-fact represent controls per se, rather they may  be more
accurately described as influencing mechanisms (for example, edu-
cation, supervision, initiatives). Whilst this shows the importance
of mechanisms for influencing behaviour in road transport systems,
it also points to a lack of formal controls, both at the lower (e.g.
road user) and higher levels of the system. In relation to the STAMP
method it potentially provides an important extension, whereby
differentiation is made between controls and influencing factors;
it could be useful for example to develop an influencing struc-
ture as well as a control structure. A second limitation relates to
its inability to represent some of the wider societal influences on
road user and road system behaviour. Such influences represent
key drivers underpinning driving behaviours (May et al., 2008;
Johnston, 2010); however, the explicit focus on control and feed-
back mechanisms ensures that it is difficult to incorporate such
influences in the model. This may  provide one avenue for method-
ological development that will enhance the utility of STAMP in the
road transport context. A third and final limitation is that, in the
present study at least, the control structure only describes control
and feedback interactions between levels (inter-level interactions),
whereas there are likely many important interactions occurring
within levels (intra-level interactions). Indeed, some of these were
raised by the Delphi study participants. It is recommended that
future studies examine this, and also that future applications of
STAMP in other areas seek to comprehensively identify relation-
ships both between and within different levels of the control
structure.

5. Conclusion

It is concluded that there are a diverse set of actors and organi-
sations involved in controlling road safety in Qld, Australia. Whilst
many controls are enacted, other mechanisms appear to offer influ-
ence rather than direct control, and the strength of some controls
is questionable, especially when compared to other safety critical
domains. Further research should explore the role of higher road
system levels in crash causation along with the potential for new
forms of control around the fatal five behaviours that drive road
trauma.

In closing, it is hoped that the systems thinking approach con-
tinues to gain traction in road safety circles. Applications continue
to emerge in the literature and the findings are compelling (e.g.
McClure et al., 2015; Newnam and Goode, 2015). Further applica-
tions in the road safety context are encouraged, particularly around
crash causation, the composition of road systems, and the influ-
ence of higher level actors and organisations on the behaviour of
important actors such as road users and road designers. It is these
authors opinion that the rich outputs from such applications will
support the optimisation of road transport systems and attainment
of further road safety gains.
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