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Abstract:

The heavy vehicle transport industry has been described as one of the most dangerous

occupations with a high death rate. It is part of a complex socio-technical system with
many interacting parts which can adversely influence a drivers decision leading up to
a crash. Drivers continued to be blamed for crashes without the underlying causes
being identified as investigation methods do not take these causes into consideration.
This paper explains the complexity of the socio-technical system and suggests it is
necessary to look beyond a driver’s behavior and focus on the actions and inactions
of other actors that have influenced the driver’s behavior to understand what has caused

a crash.
Keywords:

Socio-technical System, Drivers, Heavy Vehicle, Blame, Crashes, Underlying Causes.

Introduction

The heavy vehicle transport industry
in Australia is a vital lifeline, being an essential
mode of delivering freight and goods to all arecas
in Australia, particularly remote areas inaccessible
to any other modes of transport. The transport
activity contributes $122.3 billion (AUD) to
the economy making it the fourth largest industry in
Australia (RRATRC, 2021). The Rural and Regional
Affairs and Transport References Committee
(RRATRC, 2021) has described the industry as
one of the most dangerous industries in Australia
and that there is a crisis within the industry caused
by pressures that influence heavy vehicle driver
behaviour. These pressures, such as economic and
contracting pressures are caused by the behaviours
of other actors in the socio-technical system within
which the heavy vehicle transport industry operates
These actors include the clients, other contractors,
company owners, Government, enforcement and
regulatory agencies and management to name a few
(Quinlan, 2001; Jones, 2013; Mooren et al., 2015;
Cikara et al., 2020a).
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The RRATRC (2021) referenced statistics
revealing the social and economic cost associated
with death and injuries in the heavy vehicle transport
industry. In those statistics it was identified there are
,approximately 200 heavy vehicle crashes each
year resulting in fatalities, 1500, crashes leading
to hospitalisations, 11 000 crashes resulting in
less serious injuries and 32 000 crashes causing
property damage . The cost of these heavy vehicle
crashes accounting for over $4.64 billion (AUD) in
costs alone (RRATRC, 2021).

The heavy vehicle transport industry operates
within a complex socio-technical system that
comprises many elements, entities, networks,
structures, interactions and interrelationships
between the varying levels of the system (Anderson
and Bailey, 2005; Farnsworth and McCarthy, 2016).
Each element is distinct from each other with
independent and separate controls that interlink
through the integration between the elements.
Socio-technical systems recognize the interactions
between people, technology and the environment,
any one of which, should there be failures, can
impact the other (Wang and Wells, 2020).
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There are a combination of interactions between
actors and elements within the socio-technical
system that can affect performance and be influenced
by a number of factors (Newnam and Goode, 2015).
Deficiencies in part of the system can emerge or
manifest itself into adverse outcomes in other parts
of the system involving other actors with unintended
consequences. The migration of influence an affect
can occur at any or multiple elements of the system,
not just one, where there is a degrading or erosion of
controls that manage safe performance (Rassmussen,
1997; Newnam and Goode, 2015).

Socio-technical systems are linked to sub-systems
and activities which are linked in both known and
unknown ways, in what has been described as
being a complex, non-linear and uncertain dynamic
environment. This is largely due to the complexity
and setting of the socio-technical system and
the multifaceted levels of connections, exchanges and
behaviors between the actors, technology, equipment
and environment as well as those influencing elements
that are beyond the control of any one actor (Grant
et al., 2018; Hollnagel, 2012; Salehi et al., 2020).
The behavior of the socio-technical system does not
always depend on the activities of its components that
consists of technologies, humans, organizations and
the environment (Underwood and Waterson, 2014;
Salehi et al., 2020).

Waterson et al. (2017) argued that a breakdown
in the control of any part of the socio-technical
system and its hazards could result in a potentially
harmful process resulting in a critical incident. It was
suggested that the beginning of a crash is shaped over
time by the interactions and efforts of actors within
and linked throughout the socio-technical system.
This includes the various degrees of interactions and
engagement between the organization, employee,
employer, client, technology, environment,
the regulator and government (Duzguin and
Leveson, 2018). A simple variation or deviation from
the accepted or required practices in an actor’s
behavior, or failure to adhere to the required
behaviors as set out by law, can ‘turn on the switch’
on a path towards a critical incident (Waterson et
al., 2017). This can be problematic when analyzing
the causes of crashes as it requires an understanding
of the socio-technical system and how it works.

Rasmussen and Svedung (2000) stated:

., The propagation of an accidental course of
events is shaped by the activity of people that either
can trigger an accidental flow of events or divert
a normal flow. Safety, then, depends on the control
of work processes so as to avoid accidental side
effects causing harm to people, environment or
investment. “
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Read et al. (2021) argued that a systems thinking
approach considers the overall system and studies
how components within that system interact to
produce a crash. Rasmussen and Batstone (1991)
emphasized that the potential for major incident
occurring is increased due to increasing commercial
and competitive pressures together with societal and
technological advancements on companies (Quinlan,
2001; Waterson et al., 2017). Economic and client
pressures, and decisions from within organization,
are but some factors that form part of the influences
that generate settings for crashes to occur (Quinlan,
2001; Jones, 2013; Read et al., 2021). The dynamic
safety model (Rasmussen, 1997) demonstrates how
these economic and external pressures, influences
and considerations can shift the system closer to
a margin of error and away from safe performance
(Rasmussen, 1997; Quinlan 2001; Mooren et al.,
2015; Waterson et al., 2017).

In studies undertaken by Underwood and
Waterson (2014), it was identified that the systems
approach in crash analysis and human factors
research is arguably the dominant exemplar. This
views crashes that occur within the socio-technical
system as being the consequence of unexpected
uncontrolled  interactions  between  integral
parts within a system. That is, crashes occur as
a consequence of an intricate series of events within
the normal operational capability of a system (De
Carvalho, 2011). Using an investigative method that
is direct, describing crashes in a sequential fashion is
arguably unsuitable as this method may not properly
explain the non-linear intricacy of a heavy vehicle
crash (Hollnagel, 2004; Lundberg et al., 2010). This
can lead to the driver being blamed for the crash
rather than taking into consideration other critical
links within the socio-technical system. Moreover,
underlying causes are not identified which creates
missed opportunities for key learnings that could
develop informed and relevant recommendations
to improve safety for the heavy vehicle transport
industry (Underwood and Waterson, 2014).

Studies conducted by Bugeja et al. (2007)
recognized that investigations into heavy vehicle
crashes needed to be improved in order to identify
systematic failures. Numerous studies support this
conclusion and have identified there is limited
research reporting on outcomes from crashes
(Bugeja et al., 2007; Brodie et al., 2009; Brodie et
al., 2010). Previous studies by Duke et al. (2010),
Mooren et al. (2014) and Warmerdam et al. (2017)
also concluded that more detailed analysis of
factors that contribute to a crash are needed. They
recommended the need for improved analysis of
crashes by capturing other factors that contributed to
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the crash and that more, by way of investigations, was
warranted. Research by Newnam and Goode (2015)
concluded that current investigations focus blame on
the driver for the cause of a crash and fails to look at
the contributing system failures. This was followed
up in a subsequent study by Newnam et al. (2017)
who completed a content analysis of Coroners
findings from heavy vehicle fatal crashes and found
that, at all levels of the socio-technical system,
contributory factors were found. Additionally,
Newnam et al. (2017) found that focusing blame
on the driver will not help identify and develop
appropriate policy needed for effective interventions
to improve heavy vehicle driver safety.

Methodology

A literature search, using key online search
engines, was conducted to undertake a search of
the key terms. The databases used included: Embase,
Informit, Pschylnfo, ProQuest, EBSCO host,
Scopus, OVID Medline, Web of Science TRID and
Google Scholar. Additionally, relevant road safety
and regulator websites associated with heavy vehicle
safety were also used in this search. These websites
included: the National Heavy Vehicle Regulator;
National Transport Commission; National Truck
Accident Research Centre; Police Service Websites
(Australia wide); Road Safety Commission, Western
Australia; Safe Work Australia; SafeWork NSW;
Transport Accident Commission, Victoria; VicRoads
Victoria; NSW Roads and Maritime Authority; and
publicly available coronial inquest and non-inquest
findings from all state coroner websites.

The following search terms were used:
safety, systems failures, heavy vehicle, transport,
system methods, heavy vehicle safety, heavy
vehicle transport system, road transport systems,
socio-technical system, national law and compliance
and enforcement. Each article/report was reviewed
to ensure it was suitable and had to include reference
to the heavy vehicle transport industry, and
international research into socio-technical systems
and systems analysis.

The search did not reveal an extensive selection
of academic literature that met the search criteria
and captured 77 potential journals. Each journal
was further reviewed for eligibility against two
criteria, these being: (1) there must be a reference
to socio-technical system within which the heavy
vehicle transport industry operated (2) the date
of publication of the journal must be between
the years 1990 and 2020. As a result,
57 journals were considered to meet these criteria.
The 57 journals were then further analyzed by using
a combination of search terms. Journals which
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did not take into account a reference to two or
more search terms were excluded. After reviewing
the journals, the list was narrowed down to 18 articles/
reports that met the set criteria and determined to be
acceptable for this review.

Discussion

Heavy vehicle socio-technical system

Researchers have suggested that the framework
of a multifaceted socio-technical system is one
that is non-linear, is complex and contains a level
of uncertainty (Roberts et al., 2016; Pumpuni-
Lenss et al., 2017; Foster et al., 2019). The heavy
vehicle transport industry is one such system where
the interactions, interconnections and interrelated
functions all form part of that complexity. One where
the decision-making process and constant adaption
to changing and competing priorities between
the varying components of the system often conflict
or do not align with each other or with legislation,
organizational rules and procedures. For example,
the pursuit of generating an income often overrides
the cost associated with being compliant.

Part of the complex heavy vehicle socio-technical
systems comprises policies, rules, legislation and
procedures to help guide the decision-making
process and ensure both safety and compliance
within the system (Laarson et at., 2010; Schobel
and Manzey, 2011; Foster et al., 2019). The intent
is captured in the legislation that governs the system
where compliance to the legislation is required.
However, the pressures and demands of the socio-
technical system within which the heavy vehicle
industry operates are compromised by stresses and
demands requiring tradeoffs that expose those who
operate within the system to non-compliance and
potential failures (Reason, 1995; Quinlan, 2001;
Quinlan and Wright, 2008; Jones, 2013).

Australia has legislation that identifies several
layers of the heavy vehicle transport system that
include the driver, the supply chain parties, heavy
vehicle companies, government and regulatory
authorities, all of whom have responsibilities under
the legislation. This is not dissimilar to the legislation
that is enacted in New Zealand (NZTA, 2009)
that now allocates and requires actors, including
customers, specific roles and responsibilities
regarding what they must do to prevent a driver
from committing a breach of their legislation.
Canada have also implemented a road safety
strategy that recommended drivers and in those
involved in the heavy vehicle transport industry split
their responsibilities (Canadian Council of Motor
Transport Administrator, 2011).
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The presence of laws, such as those found in
the Heavy Vehicle National Law (2012) and
the Road Traffic (Vehicles) Act (2012) and
Regulations (2014), the latter being the Compliance
& Enforcement legislation, help guide and
influence the decision-making processes to develop
the required rules, procedures and risk management
processes to ensure compliance (Larsson et al., 2010;
Schobel and Manzey, 2011; Foster et al., 2019).
However, it has been said that the rules, laws and
procedures can never account for all uncertainties
and scenarios, so can never be sufficient for every
context. Because the actors and the complex systems
within which they work are multifaceted, suggests
these rules, laws and procedures cannot cover all
possibilities (Bagnara et al., 2010; Hale and Borys,
2013; Schobel and Manzey, 2011; Woodcock, 2014;
Foster et al., 2019).

It is difficult to grasp how each level of the heavy
vehicle transport system functions in unison with
each other to create a system that is safe and ensures
compliance by those within the system. The in-built
complexity of the heavy vehicle transport system
that arises from a multitude and variation of tasks,
interconnections, interactions and interrelationships
cannot be accurately and justly captured. This is
simply because of the size and sheer numbers of
those who are actively involved and connected
within the system (Kleiner et al., 2015; Santos et al.,
2016; Foster et al., 2019). This is more so relevant
when endeavoring to identify and understand
the links and underlying causes of a crash.
The current approach to a driver centric focus must
be stopped as the research suggests that post event
evaluation of a crash recognizes that a nonlinear
relationship exists.

The legislative frameworks, from a systems
perspective, has been designed so that decisions
made at the top level of the system such as
policies and strategies for example, emanate from
government and set the boundaries for safety within
the heavy vehicle transport industry. The legislation
identifies what is required of the heavy vehicle
transport industry to be compliant (Anderson and
Bailey, 2005; Farnsworth and McCarthy, 2016).
Itis also expected that decisions made by government
and regulators cascade to the actors in the lower
levels of the system such as supply chain actors,
companies, owners and other networks for example,
who implement internal policies to manage driver
behavior and mitigate crash and injury risk.
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Systems thinking

The core of systems thinking is that crashes occur
as a result of behaviours in a system that do not work
coherently together or as they are intended (Toft et
al., 2012). Systems thinking is about the components
of a complex system, being the interdependencies
and interactions between integral actors that
influence the behaviour and outcomes of other
actor’s behaviours within the system (Bosch et al.,
2007). Recently, it has been identified that analytical
methods and crash causation models, underpinned
by systems thinking, as being the most prominent
approaches for undertaking crash investigations
(Grant et al., 2018). However, the safety process
is not straightforward, driven by exchanges and
relationships between actors, equipment and
the environment (Underwood and Waterson, 2014;
Salehi et al., 2020).

Salmon et al. (2012) and Salmon and Lenne
(2015) conducted studies that found one of the key
barriers in preventing a significant reduction in road
crashes is focusing blame on the driver. Simply put,
whilst the investigation continues to look for blame at
the driver level, the opportunity is missed to identify
other contributory factors and underlying causes
from other levels of the heavy vehicle transport
system (Newnam and Goode 2015; Newnam et al.,
2017). Current investigation methodologies do not
identify and provide an understanding why these
incidents continue to occur as they do not identify
system failures (Grant et al., 2018).

It is suggested that heavy vehicle fatal crashes
continue to occur because there is an absence,
as well as a lack of understanding, about the
underlying causes of that contribute to these crashes.
Greater understanding of why and how a crash
occurs is fundamental to establishing interventions to
prevent crashes from reoccurring (Rasmussen, 1997;
Leveson, 2004; Toft et al., 2012). Rasmussen (1997)
argued that it is essential to view a major incident as
a complex process involving the entire socio-
technical system. Rasmussen went onto further posit
that the interrelationships and interdependencies
lead to non-linear cause and effect outcomes.
Rasmussen argued the it makes it difficult to predict
the consequence of components of an action that
occurs within a system as these components may be
firmly linked and show little play in time and space.

Research has concluded that there is a need for
investigations to look beyond individual actions
to understand how a crash occurs so as to identify
the underlying causes and to establish interventions
that prevent the reoccurrence of a crash (Rasmussen,
1997; Perrow, 1999; Leveson, 2004; Leveson, 2012;
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Stevenson, 2010; Dekker, 2011; Toft et al., 2012;
Dell, 2015; Newnam and Goode 2015; Newnam
et al.,, 2017; Dell, 2019; Cikara et al., 2020b).
The research supports this stance and concludes that
there are a myriad of contributing factors leading up
to the cause of a crash, most of which are largely not
considered or identified due to investigative methods
that do not take these factors into consideration
(Quinlan, 2001; Jones, 2013; Mooren et al., 2015).
Research has acknowledged that driver behaviour
at the time of a crash is important in identifying
the pathway from the socio-technical system to
the influencing factors that contributed to the cause
of the crash, however most investigations stop at this
point (Quinlan, 2001; Jones et al., 2003; Newnam et
al., 2017).

In Australian studies conducted by Brodie et al.
(2009) and Brodie et al. (2010) it was identified there
was the necessity for implementing investigations to
systemically examine contributing factors to a fatality
rather than focusing on the driver. Researchers
argued that investigations must identify the impact
of decisions, actions or omission by other actors
that influenced the driver’s behavior and to establish
the reasons and purpose of the driving task (Anderson
and Bailey, 2005; Farnsworth and McCarthy, 2016).
These findings are supported in studies conducted by
Bugeja et al. (2007) recognizing that investigations
into heavy vehicle fatalities needed to be improved
in order to identify systematic failures.

It is acknowledged by Researchers that there are
anumber of factors that contribute to a heavy vehicle
crash, however blame continues to be attributed to
the driver (Quinlan, 2001; Jones, 2013; Mooren et
al., 2015; Newnam and Goode, 2015; Cikara et al.,
2020a; Cikara et al., 2020b) and that blaming drivers
does not contribute to useful crash investigations or
to improved safety outcomes (Rasmussen, 1990;
Newnam et al., 2017). There is empirical evidence
from a range of studies that conclude there are
multiple factors that originate from organizational
and operational influences that are outside of
the drivers control that adversely influence driver
behaviors and increase crash risk (Quinlan, 2001;
Jones, 2013; Williamson and Friswell, 2013).
Similarly, research conducted by Jones et al. (2003),
Duke etal. (2010), Thompson and Stevenson (2014),
Edwards etal. (2014), Mooren et al. (2014), Edwards
et al. (2015) and Thompson et al. (2015) all support
Quinlan’s findings and concluded that economic and
regulatory factors impacted and influenced driver
safety.

Together these studies strongly suggest there
is consensus that focusing beyond the driver’s
compliance to safety procedures is necessary and
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the lens needs to focus on management systems
and the decisions and actions of other actors within
the system such as Government and Regulators
(Rasmussen, 1997; Leveson, 2004; Leveson, 2012;
Toft et al., 2012; Newnam and Goode, 2015). A safe
system depends on actors involved in the heavy
vehicle transport industry working in collaboration,
showing concern for the safety of others anticipating
threats to safety, and contributing to safety
improvements (Stucky and Lamontagne, 2005).

Conclusion

The evidence from the research suggests driving
heavy vehicles in Australia, as well as in other parts
of the world, is a dangerous and deadly occupation.
The heavy vehicle transport industry operates
in a complex socio-technical system that has many
interconnections, interrelationships and interfaces
at several levels, however the research suggest
drivers are still being held accountable and blamed
for the outcomes of a crash. To govern and ensure
compliance Australia has implemented innovative
legislation, albeit two different pieces with the same
intent, to ensure that it is not just the driver who is
held accountable or blamed when a crash occurs.
The ‘blame game’ does not help identify where the
system failed, nor does it contribute to improving
the system. It simply removes the attention away
from the factors that contribute to crashes occurring.
In contrast the Heavy Vehicle National Law and
Compliance & Enforcement legislation is designed
to ensure system weaknesses are uncovered.

The research suggests there is a need to identify
and implement a standardized investigative
methodology, one that captures the system factors
within the heavy vehicle transport industry linking
to the socio-technical system. Whilst there are many
investigative methods, not all are suitable. It is
important the investigative methodology identifies
all the actors that play a part in influencing and
affecting the heavy vehicle driver’s behavior.

There is limited consistent research that is
relevant to investigations and underlying system
causation factors that is focused on the heavy
vehicle industry. The narrow research justifies the
need for further studies to be conducted to explore
this further. Additionally, based on the international
context and varying scope of the research, there is
opportunity to further explore international studies
as well as investigative methodologies from other
transport modalities and identify if there is potential
to adopt and integrate these methodologies.
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Overall, the studies recognize and support
the idea that improved investigative methodologies,
that are the same nationally, will improve
the information being captured at crash scenes that
can be analyzed to identify the underlying causes of
these crashes and therefore improve investigative
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point to inform international regulatory bodies of
the importance in understanding socio-technical
systems within which the heavy vehicle transport
industry operates. This understanding will help
investigators identify the underlying causes of
a crash rather than focus their attention on the driver.

outcomes. The results of this study act as a starting
References

Anderson, T., Bailey, S. 2005. Heavy Load: New laws on trucking lengthen chain of responsibility. Law Society
Journal, 43 (8): 47-49. ISSN 1839-5287.

Bangara, S., Parlangeli, O., Tartaglia, R. 2010. Are hospitals becoming high reliability organisations? Journal of
Applied Ergonomics, 41 (5): 713-718. DOI: https://doi.org/10.1016/j.apergo.2009.12.009.

Bosch, O., Maani, K., Smith, C. 2007. Systems thinking-Language of complexity for scientists and managers.
In: Improving the Triple Bottom Line Returns from Small-scale Forestry, 1: 57-66.

Brodie, L., Bugeja, L., Ibrahim, J.E. 2009. Heavy vehicle driver fatalities: Learnings from fatal road crash
investigations in Victoria. Journal of Accident Analysis and Prevention, 41: 557-564.

Brodie, L., Bugeja, L., Ibrahim, J.E. 2010. Coroners recommendations following fatal heavy vehicle crash
investigations. Australia New Zealand Journal of Public Health, 34 (2): 136-141.

Bugeja, L., Symmons, M., Brodie, L., Osborne, N., Ibrahim, J.E. 2007. Development of a specialist investigation
standard for heavy vehicle fatal collisions in Victoria. In P. Schofield (eds): Conference Proceedings of
the 2007 Australasian Road Safety Research, Policing and Education Conference. Melbourne Victoria Australia:
The Meeting Planners, 1-10.

Canadian Council of Motor Transport Administrator (CCMTA). 2011. Rethink road safety, own it. CCMTA News
Journal, 19 (1): 1-4.

Cikara, 1., Dell, G., Toft, Y., Dell, S. 2020a. Who is responsible? An examination of the ‘Chain of Responsibility’
in heavy vehicle crashes - an Australian perspective. World Safety Journal, xxix (4): 74-91. ISSN 1015-5589.

Cikara, I., Dell, G., Toft, Y., Dell, S., Skrizovska, M. 2020b. The need for enhanced heavy vehicle crash

investigations: Beyond ‘blame the driver. Transactions of the VSB - Technical University of Ostrava, Safety
Engineering Series, 15 (1): 60-72. DOI: 10.35182/tses-2020-0007.

De Carvalho, P.V.R. 2011. The use of functional resonance analysis method (FRAM) in a mid-air collision to
understand some characteristics of the air traffic management system resilience. Journal of Reliability
Engineering & System Safety, 96 (11): 1482-1498.

Dekker, S. 2011. Drift into failure: From hunting broken components to understanding complex systems. Ashgate
Publishing Limited, Aldershot, UK.

Dell, G. 2015. Foreword. In Viner D.: Occupational risk control: Predicting and preventing the unwanted. Farnham:
Gower Publishing, 2015, xv-xvi.

Dell, G. 2019. The lessons from 15 years of airline corporate governance roles (and 40 years of air safety
investigations). Presentation at the Australia and New Zealand Societies of Air Safety Investigation, Wellington.

Duke, J., Guest, M., Boggess, M. 2010. Age-related safety in professional heavy vehicle drivers: A literature review.
Journal of Accident Analysis and Prevention, 42: 364-371. DOI: https://doi.org/10.1016/j/aap.2009.09.026.

Duzguin, H.B., Leveson, N. 2018. Analysis of soma mine disaster using causal analysis based on systems theory
(CAST). Journal of Safety Science, 110: 37-57.

Edwards, J.R.D., Davey, J., Armstrong, K.A. 2014. Profiling contextual factors which influence safety in heavy
vehicle industries. Journal of Accident Analysis and Prevention, 73: 340-350.

Edwards, J.R.D., Davey, J., Armstrong, K.A. 2015. Safety culture and speeding in the Australian Heavy vehicle
industry. Journal of the Australasian College of Road Safety, 7 (1):18-25.

Farnsworth, G., McCarthy, J. 2016. Heavy Vehicle National Law Reform, New Approach to Chain of Responsibility
Liability. Journal of Governance Directions, 68, (1): 41-43. ISSN 2203-4749.

Foster, C.J., Plant, K.L., Stanton, N.A. 2019. Adaptation as a source of safety in complex socio-technical systems:

A literature review and model development. Journal of Safety Science, 118: 617-631. DOI: https://doi.
org/10.1016/.s5¢1.2019.05.035.

24



Transactions of the VSB - Technical University of Ostrava Vol. XVII, No. 1, 2022

Safety Engineering Series, ISSN 1805-3238 pp- 19-27, DOI 10.35182/tses-2022-0003

Grant, E., Salmon, P.M., Stevens, N.J., Goode, N., Read, G.J. 2018. Back to the future. What do accident causation
models tell us about accident prediction? Journal of Safety Science, 104: 99-109.

Hale, A., Borys, D. 2013. Working to rule, or working to safety? Part 1: A state of the art review. Journal of Safety
Science, 55: 207-221.DOI: https://doi.org/10.1016/j.ss¢1.2012.05.011.

Heavy Vehicle National Law 2012 (QLD). In: Queensland Legislation [online]. Available at: https:/www.
legislation.qld.gov.au/view/html/inforce/2018-10-01/act-2012-021.

Hollnagel, E. 2004. Barriers and accident prevention. Ashgate Publishing Limited, Aldershot, UK.

Hollnagel, E. 2012. RAM, the Functional Resonance Analysis Method, Modelling complex socio-technical
systems. Ashgate Publishing Limited, Aldershot, UK.

Jones, J., Dorrian, J., Dawson, D. 2003. Legal implications of fatigue in the Australian Transportation Industry.
The Journal of Industrial Relations, 45 (3): 344-359.

Jones, S. 2013. A new vision for heavy vehicle compliance: Leveraging from the Heavy Vehicle National Law for
improved road safety outcomes. In Proceedings of the 2013 Australasian Road Safety Research, Policing &
Education Conference, 28-30 August, Brisbane Queensland.

Kleiner, B.M., Hettinger, L.J., DeJoy, D.M., Huang, Y., Love, P.E.D. 2015. Socio-technical attributes of safe and
unsafe work systems. Journal of Ergonomics, 58 (4): 635-649. DOI: https://doi.org/10.1080/00140139.2015.
1009175.

Laarson, P., Dekker, S.W.A., Tingvall, C. 2010. The need for a systems theory approach to road safety. Journal of
Safety Science, 48, (9): 1167-1174. DOLI: https://doi.org/10.1016/j.55¢i.2009.10.006.

Leveson, N.G. 2004. A new accident model for engineering safer systems. Journal of Safety Science, 42 (4): 237-
270.

Leveson, N. 2012. Engineering a safer world, Systems thinking applied to safety. MIT Press Ltd. ISBN
9780262016629.

Lundeberg, J., Rollenhagen, C., Hollnagel, E. 2010. What you find is not always what you fix-how other aspects
that causes of accidents decide recommendations for remedial actions. Journal of Accident Analysis and
Prevention, 42 (6): 714-721.

Mooren, L., Grzebieta, R., Williamson, A., Oliver, J., Friswell, R. 2014. Safety management for heavy vehicle
transport: A review of the literature. Journal of Safety Science, 62: 79-89.

Mooren, L., Williamson, A., Grzebieta, R. 2015. Evidence that truck heavy vehicle driver remuneration is linked
to safety outcomes: a review of the literature. In Proceedings of the 2015 Australasian Road Safety Conference,
14 - 16 October, Gold Coast, Australia.

Newnam, S., Goode, N. 2015. Do not blame the driver: A systems analysis of the causes of road freight crashes.
Journal of Accident Analysis and Prevention, 76: 141-151. DOI: http://dx.doi.org/10.1016/j.aap.2015.01.016.

Newnam, S., Goode, N., Salmon, P., Stevenson, M. 2017. Reforming the road freight transportation system
using systems thinking: An investigation of coronial inquests in Australia. Journal of Accident Analysis and
Prevention, 101: 28-36. DOI: http://dx.doi.org.exyproxy.lib.monash.edu.au/10.1016/j.aap.2017.01.016.

New Zealand Transport Agency (NZTA). 2009. Chain of responsibility [online], 2009 [cit. 2017-04-30]. Available
at: https://www.nzta.govt.nz/assets/resources/chain-of-responsibility/docs/chain-of-responsibility.pdf.

Perrow, C. 1999. Organizing to reduce the vulnerabilities of complexity. Journal of Contingencies Crisis Manage,
7 (3): 521-533.

Pumpuni-Lenss, G., Blackburn, T., Garstenauer, A. 2017. Resilience in complex systems: an agent-based approach.
Journal of Systems Engineering, 20 (2): 158-172. DOI: https://doi.org/10.1002/sys.21387.

Quinlan, M. 2001. Report of Inquiry into Safety in the long-haul trucking industry. Sydney: Motor Accidents
Authority of New South Wales.

Quinlan, M., Wright, T.H.L. 2008. Remuneration and Safety in the Australian Heavy Vehicle Industry: A review
undertaken for the National transport Commission. National Transport Commission Melbourne.

Rasmussen, J. 1990. Human error and the problem of causality in analysis of accidents. Journal of Philosophical
Transactions of the Royal Society, 1241 (327): 449-462. DOI: 10.1098/rstb.1990.0088.

Rasmussen, J., Batstone, R. 1991. Towards improved safety control and risk management. Report, World Bank
Washington DC.

25



Transactions of the VSB - Technical University of Ostrava Vol. XVII, No. 1, 2022

Safety Engineering Series, ISSN 1805-3238 pp- 19-27, DOI 10.35182/tses-2022-0003

Rasmussen, J. 1997. Risk management in a dynamic society. A modelling problem. Journal of Safety Science,
27 (2-3): 183-213.

Rasmussen, J., Svedung, I. 2000. Proactive risk management in a dynamic society. Swedish Rescue Services
Agency, Karlstad.

Read, G.J.M., Cox, J.A., Hulme, A., Naweed, A., Salmon, P.M. 2021. What factors influence risk at rail level
crossings? A systematic review and synthesis of findings using systems thinking. Journal of Safety Science,
138: 1-13. DOI: https//doi.org/10.1016/].ss¢i.2021.105207.

Reason, J. 1995. A systems approach to organisational error. Journal of Ergonomics, 38: 1708-1721.

Road Traffic (Vehicles) Act 2012 (WA). In: Western Australian Legislation [online]. Available at: https://www.
legislation.wa.gov.au/legislation/statutes.nsf/main_mrtitle 12926 homepage.html.

Road Traffic (Vehicles) Regulations 2014. In: Western Australian Legislation [online]. Available at: https:/www.
legislation.wa.gov.au/legislation/statutes.nsf/main_mrtitle 13558 homepage.html.

Roberts, B., Mazzucchi, T., Sarkani, S. 2016. Engineered resilience for complex systems as a predictor for cost
overruns, Journal of Systems Engineering, 19 (2): 111-132. DOI: https://doi.org/10.1002/sys.21339.

Rural and Regional Affairs and Transport References Committee (RATRC). 2021. Without trucks Australia stops:
the development of a viable, safe, sustainable and efficient road transport industry. Commonwealth of Australia,
Senate Printing Unit. ISBN 978-1-76093-289-3.

Salehi, V., Veitch, B., Smith, D. 2020. Modelling complex socio-technical systems using the FRAM: A literature
review. Journal of Human Factors Management, 31: 118-142. DOI: 10.1002/hfm.20874.

Salmon, P.M., McClure, R., Stanton, N.A. 2012. Road transport in drift? Applying contemporary systems thinking
to road safety. Journal of Safety Science, 50 (9): 1829-1838. DOI: http://dx.doi.org/10.1016/j.ss¢i.2012.04.011.

Salmon, P.M., Lenne, M.G. 2015. Miles away or just around the corner? Systems thinking in road safety research
and practice. Journal of Accident Analysis and Prevention, 74: 243-249.

Santos, A.L.R., Wauben, L.S.G.L., Guilavogui, S., Brezet, J.C., Goossens, R., Rosseel, PM.J. 2016. Safety
challenges of medical equipment in nurse anesthetist training in Haiti. Journal of Applied Ergonomics, 53:
110-121. DOI: https://doi.org/10.1016/j.apergo.2015.06.011.

Schobel, M., Manzey, D. 2011. Subjective theories of organizing and learning from events. Journal of Safety
Science, 49 (1): 47-54. DOLI: http://doi.org/10.1016/j.ss¢i.2010.03.004.

Stuckey, R., Lamontagne, A. 2005. Occupational light vehicle use and OSH legislative framework. An Australian
example. International Journal of Occupational and Environmental Health, 11 (2): 167-179.

Stevenson, M., Sharwood, L.N., Wong, K., Elkington, J., Leuleners, L., Ivers, R., Grunstein, R.R., Williamson, A.,
Haworth, N, Norton, R. 2010. The heavy vehicle study: A case control study investigating risk interventions
for crash in long distance heavy vehicle heavy vehicle drivers in Australia. Journal of BMC Public Health,
10 (162): 1-5.

Thompson, J., Stevenson, M. 2014. Associations between heavy vehicle driver compensation methods, fatigue-
related driving behaviour and sleepiness. Journal of Traffic Injury Prevention, 15: 10-15. ISSN 1538-9588.
DOI: 10.1080/15389588.2014.928702.

Thompson, J., Newnam, S., Stevenson, M. 2015. Amodel for exploring the relationship between payment structures,
fatigue, crash risk and regulatory response in a heavy-vehicle transport system. Journal of Transportation
Research Part A, 204-215.

Toft, Y., Dell, G., Klockner, K.K., Hutton, A. 2012. Models of Causation. In: HaSPA (Health and Safety
professionals Alliance). The Core Body of Knowledge for Generalist OSH Professionals. Tullamarine, VIC.
Safety Institute of Australia.

Underwood, P., Waterson, P. 2014. Systems thinking, the Swiss Cheese Model and accident analysis: a comparative
systematic analysis of Grayrigg train derailment using the ATSB AcciMap and STAMP models. Journal of
Accident Analysis and Prevention, 68: 157-166.

Wang, L, Wells, P. 2020. Automobilities after SARS-CoV2: A socio-technical perspective. Journal of Sustainability,
1-14.

Warmerdam, A., Newnam, S., Sheppard, D., Griffin, M., Stevenson, M. 2017. Workplace road safety risk

management: An investigation into Australian practices. Journal of Accident Analysis and Prevention, 98: 64-
73. DOI: 10.1016/j.aap.2016.09.2014.

26



Transactions of the VSB - Technical University of Ostrava Vol. XVII, No. 1, 2022

Safety Engineering Series, ISSN 1805-3238 pp- 19-27, DOI 10.35182/tses-2022-0003

Waterson, P., Jenkins, D.P., Salmon, P.M., Underwood, P. 2017. Remixing Rasmussen: The evolution of
accimaps within systemic accident analysis. Journal of Applied Ergonomics, 59: 483-503. DOI: http://dx.doi.
org/10.1016/j.apergo.2016.09.004.

Williamson, A., Friswell, R. 2016. The effect of external non driving factors, payment type and waiting and
queueing on fatigue in long distance trucking. Journal of Accident Analysis and Prevention, 58: 26-34.
DOI: 10.1016/j.aap.2013.04.017.

Woodcock, K. 2014. Model of safety inspection. Journal of Safety Science, 62: 145-156. DOI: https://doi.
org/10.1016/j.s5¢1.2013.08.021.

27



