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Abstract
A significant proportion of worker fatalities within Australia result from truckrelated incidents. Truck drivers face a number of health and safety concerns. Safety
culture, viewed here as the beliefs, attitudes and values shared by an organisation'’s
workers, which interact with their surrounding context to influence behaviour, may
provide a valuable lens for exploring safety-related behaviours in heavy vehicle
operations. To date no major research has examined safety culture within heavy
vehicle industries. As safety culture provides a means to interpret experiences and
generate behaviour, safety culture research should be conducted with an awareness
of the context surrounding safety. The current research sought to examine previous
health and safety research regarding heavy vehicle operations to profile contextual
factors which influence health and safety. A review of 104 peer-reviewed papers was
conducted. Findings of these papers were then thematically analysed. A number of
behaviours and scenarios linked with crashes and non-crash injuries were identified,
along with a selection of health outcomes. Contextual factors which were found to
influence these outcomes were explored. These factors were found to originate from
government departments, transport organisations, customers and the road and work
environment. The identified factors may provide points of interaction, whereby
culture may influence health and safety outcomes.
Keywords: Safety culture; Organisational safety; Safety climate; Heavy vehicle;
Truck; Profiling contextual factors which influence safety in heavy vehicle industries
1 Introduction
In the 10 year period from 2003 to 2012, 30% (n = 787) of all worker fatalities
in Australia resulted from truck-related incidents (Safe Work Australia, 2014).
Though approximately three quarters of these fatalities occurred on public roads,
15% occurred during loading and unloading, and 7% during maintenance. During the
10 year period, a further 298 bystanders were killed, including drivers or passengers
of vehicles (not including the truck driver), and pedestrians. In addition to fatalities,
a high number of truck drivers are injured as a result of crashes or other workplace
incidents. Injury compensation data from Queensland revealed that between 2008
and 2009 the transport and storage sector received 2718 accepted injury claims, at a
rate of 21.7 per 1,000 workers (Queensland Workplace Health and Safety Board,
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2010). This rate was second only to the manufacturing industry and approximately
50% higher than the all-industry average. Furthermore, the Australian heavy vehicle
industry has been identified as having high rates of many other health concerns
including poor mental health, obesity, arthritis and rheumatism, lung diseases, and
heart and intestinal problems (The Work Outcome Research Cost-Benefit (WORC)
Project, 2008). There is a clear need to advance our understanding of health and
safety within this industry and identify approaches for intervention.
Safety culture has been the focus of much research in recent years, and may
provide a valuable lens with which to examine heavy vehicle operations. There are
many definitions and approaches to safety culture, often reflecting, in part, the
background of researchers (see reviews by Choudhry et al., 2007; Edwards et al.,
2013; Guldenmund, 2000). Safety culture is often simply referred to as “the way we
do things around here” (Guldenmund, 2000). Whilst this phrase was first applied to
corporate cultures, as separate to safety, the phrase has gained popularity in safety
culture research. This is perhaps due to the fact that the phrase shows safety culture
as something that is highly abstract and implicit, yet provides members of an
organisation with an intrinsic sense of what ought to be done. Given the high level of
worker autonomy in heavy vehicle operations (Arboleda et al., 2003), it appears
important to understand the factors which contribute to a driver’s understanding of
what ought to be done.
In terms of the content of safety culture, there are two main approaches in the
literature, one which emphasises shared psychological constructs, and the other
which emphasises behaviour and organisational structures and systems (Nævestad,
2009). In a recent review of the safety culture literature, Edwards et al. (2013)
argued that the differing approaches to safety culture could be better viewed as
multiple components of a single construct. Safety culture was then defined as “the
assembly of underlying assumptions, beliefs, values, and attitudes shared by
members of an organisation, which interact with an organisation'’s structures and
systems and the broader contextual setting to result in those external, readily-visible,
practices that influence safety” (p.77). When viewed as a single construct, safety
culture holds promise as a framework to understand health and safety within heavy
vehicle operations. Safety culture could provide an understanding of the average
psychological factors associated with heavy vehicle safety, as well as the context
which interacts with this culture to influence behaviour. Research may then provide
insight for the design of interventions that are congruaent with the beliefs and values
of the workforce (Edwards et al., 2013; Guldenmund, 2010b).
To date there has been no major research examining safety culture within
heavy vehicle industries. There is, however, some research examining safety climate.
Huang et al. (2013) developed a safety climate survey for lone workers, using truck
drivers as an exemplar. Following testing, it was found that proactive practices,
driver safety priority, and supervisory care promotion were dimensions of
organisational level safety climate, while safety promotion, delivery limits, and cell
phone disapproval were safety climate dimensions at a group level.
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Detailing the differences between safety climate and culture are beyond the
scope of the present manuscript, however, it is important to note that safety culture
and climate are related, yet different concepts (Huang et al., 2013). Safety climate
has been described as the aggregate perception of workers regarding the priority
placed on safety by the organisation (Huang et al., 2013; Zohar, 2010). Neal and
Griffin (2002) state that safety climate “refers to perceptions of policies, procedures,
and practices relating to safety in the workplace” (p.67). As these perceptions may be
influenced by shared beliefs, attitudes and values, safety climate can be viewed as a
culturally-influenced measure of the organisational context. Further, when
examining the factors used by Huang et al. (2013) it can be seen that they largely
centre on the perceived attitude and actions of management, and give little attention
to deeper shared beliefs, attitudes and values of the workers themselves.
Other research, which did not aim to explore safety culture or climate, has
identified a number of safety-relevant beliefs, attitudes or values that were common
among samples of heavy vehicle drivers. These have included a tendency to view
others as less safe than oneself (Baas et al., 2000; Friswell and Williamson, 2010;
Walton, 1999), prioritising road safety over other forms of safety (Friswell and
Williamson, 2010; Shibuya et al., 2010), attitudes towards the effectiveness of
enforcement and regulations (Douglas and Swartz, 2009; Snyder, 2012), conflict
between profit and risk taking (Helmkamp et al., 2004; Summala and Pihlman,
1993), attitudes towards receiving feedback (Huang et al., 2005, 2008; Roetting et
al., 2003; Zhang et al., 2006), valuing personal experience over rules (Snyder, 2012),
valuing working hard and getting the job done (Snyder, 2012), and desiring to fit in
with the ‘trucking image’ (Davey et al., 2007).
Prior to exploring culture, it is important to gain an insight into the context
within which a culture is located. As stated by Schein (1992) behaviour is not solely
the product of culture but is also the result of contextual variables. Further, it could
be argued that culture only gains meaning towards behaviour when it meets with
specific contextual or situational factors, serving as a stimulus for action. This is
congruent with one definition of culture put forward by Guldenmund (2010a) who
stated that culture is used by a group to “interpret experience and generate
behaviour that distinguishes them from other groups or categories of people”
(p.1472). It is important to consider what contextual or situational factors may
provide experiences to be interpreted through culture.
From the first use of the phrase safety culture, in regards to the Chernobyl
disaster, it was reported that a lack of safety culture, both within the Chernobyl plant
and at a national level, contributed to the incident (INSAG-1, 1986, as updated in
INSAG-7, International Nuclear Safety Advisory Group, 1992). Thus, it is evident
that broader contextual influences, even on a national scale, are relevant to the safety
culture framework. In Edwards et al. (2013) definition of safety culture provided
above, this was highlighted by indicating that both organisational structures and
systems, as well as “the broader contextual setting” interact with culture. To truly
understand the influence culture has on safety, it is important to gain an
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understanding of the context surrounding workers, an organisation and even an
industry.
Within the broader safety culture literature, contextual factors have almost
exclusively been investigated at an organisational level. These have included
organisational management systems, policies and procedures, job design, work
pressures, training, employee involvement in decision making and perceptions and
attitudes regarding the work environment (Arboleda et al., 2003; Choudhry et al.,
2007; Cox and Cheyne, 2000; Grote, 2008; Håvold, 2010; O'Toole, 2002; Parker et
al., 2006). Though broader contextual factors are beginning to be explored in the
related field of traffic safety culture (for examples, see Edwards et al., 2014; Girasek,
2011; Nævestad and Bjornskau, 2012; Ward et al., 2010; Wiegmann et al., 2007;
Williams and Haworth, 2007), little safety culture research in workplace settings has
sought to examine these factors, or how they may interact with culture to influence
safety.
The absence of safety culture research does not mean that there is no
information on the cultural context surrounding heavy vehicle operations. A
significant amount of research has sought to examine external influences on safety
without using a safety culture framework. In order to lay a foundation for future
exploration of safety culture within heavy vehicle industries, it is beneficial to profile
external factors identified in past heavy vehicle research as relevant to health and
safety outcomes (crash, injury, and illness) or safety-related behaviours. The present
research consists of a review of the heavy vehicle health and safety literature seeking
to profile health and safety behaviours and outcomes (as a mechanism through
which contextual factors may influence safety) as well as contextual factors shown to
influence these behaviours, or outcomes directly.
2 Method
In order to access as much of the existing literature on heavy vehicle safety as
possible, a thorough search was conducted using a number of databases including
EBSCOhost, Emerald, INFORMIT, Proquest and Sciencedirect. The following search
phrases were used (or the equivalent for a given database):
(“heavy vehicle” OR “heavy goods vehicle” OR “large goods vehicle” OR “truck”
OR “lorry”) AND (“health” OR “safety” OR “accident” OR “injury” OR “crash”)
A number of approaches were used to limit the number of records returned.
Firstly, in order to exclude articles with only passing reference to the search terms,
the terms were limited to search only the title, abstract, and keywords. Additionally;,
though there is a significant degree of grey literature surrounding heavy vehicle
safety; the search was limited to peer-reviewed journal articles or peer-reviewed
conference papers in order to maximise the quality of papers reviewed. Each article
was assessed for eligibility based upon the two focuses of the current review. That is;,
the research was required to demonstrate behaviours that influence health and safety
in heavy vehicle operations; or contextual factors that influence behaviours or
outcomes (crashes, injuries, illness etc.). This screening eliminated a number of
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articles with a primary focus on other road users; the environmental impacts of
heavy vehicle traffic; and the effect of truck emissions on the general public. Finally;,
a number of articles from low to middle income nations, which focussed on HIV and
sexual risk behaviours; were also excluded. Whilst each of these eliminated topics are
an important field of research; they were deemed outside the scope of the current
research. Findings within the included articles were thematically analysed;, in order
to develop categories and themes of relevant factors.
3 Results
A total of 104 peer-reviewed articles met the selection criteria. These articles
covered a broad range of topics, which could be categorised as relating to on-road
crashes, non-crash injuries or health outcomes (see Table 1). Additionally, a small
selection of papers, classified as miscellaneous, discussed potentially relevant
information regarding contextual variables, yet did not explore the means by which
they were relevant to safety.
Table 1 Breakdown of reviewed articles according to category of investigation
Category of papers
Number of articles
Crash outcomes

78

Injury outcomes

15

Health outcomes

11

Miscellaneous papers

3

Total

107** a

aExceeds

eligible articles (N = 104) due to multiple classification of single articles.

3.1 Health and safety-related behaviours and outcomes
For contextual factors to be relevant to safety, they must be seen to influence
safety outcomes (crashes, injuries, illnesses etc.). Further, within a cultural
framework, it is important to consider worker behaviours that are generated in part
through context and culture. Thus it is necessary to understand the safety outcomes
and behaviours present in the literature. A significant portion of the papers included
in this review related to the occurrence and severity of crashes, or examined factors
known to influence crash-related injuries and fatalities.
The principal behaviours which were identified within the literature as relevant
to heavy vehicle crashes included driving whilst fatigued, driving whilst under the
influence of drugs or alcohol, speeding, seatbelt non-use, and driving errors and
violations. Each of these behaviours was found to increase the likelihood and severity
of injuries as well as to be involved in fatal heavy vehicle crashes. With the exception
of seatbelt non-use, each of these behaviours was also seen to either cause crashes or
increase the likelihood of a crash occurring (see Table 2).
Table 2 Relevance of driving behaviours to safety in the reviewed literature.
Driving whilst
Drug use
Speeding
Seatbelt Driving errors and
fatigued
non-use violations
Causes or
increases risk
of crash

(Carter et al.,
(Golob et al., (Golob et al.,
–
2003; Hanowski et al., 1987)
1987; McKnight
and Bahouth,
2007)
2009)

(Golob et al., 1987;
Hanowski et al., 2005;
McKnight and Bahouth,
2009; Sullman et al., 2002)
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Drug use

Increases
(Chen and Chen, 2011) (Zhu and
injury severity
Srinivasan,
or likelihood
2011)
Involved in
fatal crashes

(Brodie et al., 2009;
Häkkänen and
Summala, 2001)

Speeding

Seatbelt
non-use

(F. Chen and
Chen, 2011)

(Bunn et (Chen and Chen, 2011)
al., 2012)

(Brodie et al., (Brodie et al.,
2009)
2009)

Driving errors and
violations

(Brodie et (Häkkänen and Summala,
al., 2009) 2001)

In addition to the general importance of each of these behaviours, a number of
findings specific to individual behaviours were present. For example, driving whilst
fatigued has been shown to be directly linked with the number of hours driven
(McCartt et al., 2000), and truck drivers have been seen to have low levels of seatbelt
use (Cook et al., 2008; Kim and Yamashita, 2007). There has been a significant
degree of research related to the level of drug use within truck drivers, along with
comparisons to the general population in the nation of study (Gjerde et al., 2012;
Labat et al., 2008; Leyton et al., 2012; Mabbott and Hartley, 1999; Khan et al., 2012;
Silva et al., 2003). There have been mixed findings, demonstrating that drug use
patterns differ by nation and jurisdiction, with some studies showing truck drivers to
have higher drug use than the population average, while others showed lower levels
of use.
In addition to crashes, heavy vehicle drivers experience a range of other
injuries, referred to here as non-crash injuries. Within the available literature, few
specific behaviours were identified as relevant to non-crash injuries. A number of
studies investigated these injuries, identifying incident scenarios, mechanisms of
injury and physical forces associated with tasks. At a broad level these scenarios and
mechanisms included slips, trips and falls, overexertion, locomotor disorders, and
striking/crushing. These incidents typically occurred during loading/unloading,
exiting/entering or ascending/descending from the vehicle or trailer and
overexertion from lifting (Jones et al., 2011; Lincoln et al., 2004; Robb and
Mansfield, 2007; Shibuya et al., 2010). Slips, trips and falls have been demonstrated
to be responsible for a significant number of heavy vehicle driver injuries (D. Jones
and Switzer-McIntyre, 2003; Lincoln et al., 2004; Shibuya et al., 2010). Impact
forces and risk of slips, trips and falls may be associated with use of steps and hand
rails (Fathallah and Cotnam, 2000; Fathallah et al., 2000) and facing away from the
vehicle when exiting (Patenaude et al., 2001). These findings represent the only
specific behaviours shown to be related to non-driving injuries in the examined
literature. Research has also shown a high prevalence of lesions of the ulnar nerve,
invertebral disk disorders, carpal tunnel syndrome, synovitis and bursitis in heavy
vehicle drivers (Jensen et al., 2008). As this last form of injury is likely the result of
long-term strain, it may be difficult to directly tie specific behaviours, and therefore
culture, to these outcomes.
A small number of papers were identified which focussed on health outcomes
for heavy vehicle drivers. The health outcomes included cancers, respiratory
diseases, obesity and related diseases, and common illnesses. Truck drivers have
been identified as at high risk of stomach, lung and prostate cancer (Balarajan and
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McDowall, 1988; Jakobsson et al., 1997; Jarvholm and Silverman, 2003), as well as
bronchitis, emphysema and asthma (Balarajan and McDowall, 1988). Truck drivers
also have high rates of heart disease (Robinson and Burnett, 2005) and lifestylerelated diseases, particularly those linked with calorie intake (Dahl et al., 2009).
Finally, truck drivers have high levels of serum lipids, associated with stress, which
are known to have multiple adverse health impacts (Jovanović et al., 2008), and the
need for recovery after work has been linked with subsequent sick days (de Croon et
al., 2003). Receiving health care, as well as healthy eating and exercise were present
as behaviours that relate to these outcomes. However, as many illnesses can be
influenced by environmental or contextual factors, rather than specific behaviours,
the majority of findings discussed contextual factors. For example, though smoking
was argued to account for a significant degree of heart disease and lung cancer
(Robinson and Burnett, 2005), research has shown that after accounting for
smoking, truck drivers are still at risk of lung cancer from exhaust fumes (Jakobsson
et al., 1997; Jarvholm and Silverman, 2003).
After identifying behaviours and outcomes in the literature, it is now possible
to examine contextual factors and determine their relevance to safety. Specifically,
factors that influence either the previously identified behaviours or safety outcomes
may be relevant points of interaction with culture. Put the other way, if contextual
factors have not been shown to be linked with safety behaviours and outcomes, it is
unlikely that they have an interaction with culture which is meaningful toward safety.
The remainder of identified findings relate to contextual influences on these
behaviour and outcomes.
3.2 Contextual factors associated with health and safety in heavy vehicle industries
There were a number of articles which identified contextual factors related to
health and safety outcome likelihood and severity, or risky behaviours. Prior to
exploring these, it is important to note that that there are a broad number of factors
which influence health and safety outcomes and that individual articles can provide
information on multiple factors. Given the number of factors identified within many
articles, examining each article individually would result in significant overlap and
duplication of findings. Thus, this discussion aggregates articles by findings. Through
thematic analysis, the contextual factors identified in the literature were categorised
as relating to government departments, transport organisations, customers, and the
road and work environment. Each of these contextual factors provides the setting in
which cultural beliefs, attitudes and values may exert influence over behaviour. As
these factors are specifically relevant to safety, they provide points of interaction with
culture that should be investigated to better understand how culture and context
influence safety.
3.2.1 Government departments
The literature surrounding government departments predominantly focussed
on the role of policies and enforcement. Whilst some examples of enforcement have
obvious effects, others are less clear. Chen (2008) assessed crash rates in US trucking
firms, comparing organisations which were subjected to a compliance review to those
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never reviewed. In the US, compliance reviews are conducted by an external body,
assessing the policies and practices of companies with high crash rates. As a result of
compliance reviews, organisations may be required to undertake a number of
measures in order to avoid being banned from operating. It was found that
companies subjected to a review showed significant steady declines in crash rates a
number of years following review. From this example, both the threat of punishment
and provided direction for change may have influenced safety.
A number of articles examined the effect of specific policies on crash rates. As
policies differ via jurisdiction, the specific policies identified are not necessarily
relevant outside the jurisdiction of study. Further, whilst many jurisdictions may
have policies related to similar concepts, the precise content of these policies and
their effects may vary. For example, though not specifying the mechanisms by which
safety may be influenced, Kuncyté et al. (2003) analysed government legislation
surrounding training and evaluation requirements between Canada, the Netherlands,
Sweden and the United States. In Sweden there was an emphasis on accreditation for
all trainers, while in the Netherlands, emphasis was placed on examining the results
of training. However, in Canada and the US, training is considered the responsibility
of the organisation. It was argued that these differences in policies led to lower
quality training in the US and Canada.
Other specific policies identified included those related to truck length, speed
and lane restrictions, conspicuity measures, and random drug testing. These policies
have been demonstrated to have different impacts on safety, some influencing
number of crashes, others injuries or fatalities per crash, and one having no benefit
(see Table 3). Further, a large amount of research has surrounded driving whilst
fatigued, often targeted at maximum work hours.
Table 3 Government policies and their influence on crash outcomes.
Policies
Reduce crashes
No benefit

Reduce injuries/fatalities
per crash

Lower speed for all vehicles

(Neeley and
Richardson, 2009)

–

–

Differential speed (trucks
lower)

–

(Garber et al., 2006; Neeley and –
Richardson, 2009)

Lanes restrictions

–

–

(Fontaine, 2008)

Lane restrictions + differential (Korkut et al., 2010) –
speed

–

Random drug testing

(Swena and Gaines,
1999)

–

–

Shorter truck lengths

–

–

(Neeley and Richardson,
2009)

Conspicuity measures

(Sullivan and
Flannagan, 2012)

–

–

Significant research was conducted surrounding the 2004 change in US hours
of service regulations which included changing the maximum work hours from 10 to
11. Despite the final hour holding higher risk than the first hour of driving, there has
been no significant difference identified in risk between the 10th and 11th hours
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(Hanowski et al., 2009; Park and Jovanis, 2010). McCartt et al. (2008) did find that
drivers had an increase in rest and sleep time, and similar violation levels, yet fell
asleep at the wheel more.
In Australia, a review of driving hours legislation has been recommended by
coroners (Brodie et al., 2010), indicating that driving hours enforcement have had
insufficient effectiveness to date. However, it is questionable whether this is a fault in
the policy. Hall and Mukherjee (2008) found that in the US, at most a further 3–5%
reduction could be achieved by reductions in maximum driving hours. It was argued
that to achieve this would require 100% enforcement. This may highlight a key point
of interaction between culture and policies, specifically, whether drivers will comply
with laws. Within New Zealand, as many as 33% of drivers exceeded regulated hours,
and only 69% comply with regulated rest between shifts (Baas et al., 2000). As many
external factors, such as sleep quality, can have an effect on fatigue, compliance itself
may even be insufficient to prevent fatigue-related incidents. Snyder (2012)
demonstrated that through ‘working the system,’ US drivers are able to legally drive
long hours while fatigued in order to meet deadlines after delays. Thus it is important
to consider how culture may produce unsafe compliance.
3.2.2 The organisation and health and safety
Throughout the literature a number of organisational factors were identified
which influence health and safety. These factors can be broadly categorised as
general organisational factors, employee management, and management practices.
With regards to general organisational factors research has shown that the type of
goods carried, distance travelled, firm size and type, past safety record, and vehicle
types each have an influence on safety. Each of these factors except vehicle type used,
have been linked with hours of service (Cantor et al., 2009), and all except firm type
and past safety record have been shown to be related to crash risk (Monaco and
Redmon, 2012; Moses and Savage, 1994; Stein and Jones, 1988). Furthermore,
carrying specific types of goods has been associated with injury severity from crashes
(Chen and Chen, 2011), and short-distance light truck drivers have shown different
causes for fatigue than long-distance heavy truck drivers (Friswell and Williamson,
2013). There may be underlying variables which contribute to the influence of these
factors on safety, and further research is needed to determine whether they may
interact with cultural variables to influence safety.
Employee management approaches, shown to be associated with health and
safety outcomes, included employment type, and payment and retainment. There
were mixed findings associated with employment type and safety. Though some
research has shown that owner operators and subcontractors have higher crash and
injury rates (Birdsey et al., 2010; Mayhew and Quinlan, 2006), other research has
suggested reduced rates (Monaco and Redmon, 2012). Some of this discrepancy may
be related to incident reporting levels depending on whether the contractor owns
their vehicle. Informal employment has also been linked with obstructive sleep
apnoea (Lemos et al., 2009) and there have been differing levels of injury claims
among permanent and part-time or casual drivers (Williamson et al., 2009). The
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manner in which drivers are paid is also important to safety. Drivers who are paid by
distance may be more likely to engage in unsafe practices (Snyder, 2012). Further,
high turnover rates, which are partially influenced by payment and changes in pay
(Rodríguez et al., 2006), have been linked with higher crash rates (Staplin and Gish,
2005). There may be specific subcultures related to employment form and payment,
and these factors may also interact with the culture of drivers to influence safetyrelated behaviours.
Finally, there were a number of management practices associated with safety in
heavy vehicle industries. These management practices included training,
management support and pressure, scheduling, policies, and monitoring and
enforcement. Many of these factors are common within the safety culture literature
and as such will only be briefly summarised here (see Table A1 in the appendix for a
detailed listing of findings). Training has been suggested as a means to reduce
technical driving errors (Hanowski et al., 2007), and voluntary attendance linked
with reduced fatigue (Crum and Morrow, 2002). Thus driver's attitudes towards
training may be relevant to developing effective training to reduce injuries.
There is a significant level of management pressure in some heavy vehicle
industries (Sabbagh-Ehrlich et al., 2005), which has been associated with fatigue,
drug and alcohol use, calorie intake and injury levels and recovery (Buxton et al.,
2009; de Croon et al., 2002; Friswell and Williamson, 2010; Mir et al., 2012; Morrow
and Crum, 2004; Shattell et al., 2010; Swartz and Douglas, 2009; Williamson et al.,
2009). One specific means by which pressure is exerted is through scheduling.
Arduous schedules have been associated with fatigue and breaking hours of service
legislation (Baulk and Fletcher, 2011; Beilock, 1995; Braeckman al., 2011; Charlton
and Baas, 2001; Crum and Morrow, 2002; de Croon et al., 2002; de Pinho et al.,
2006; Maldonado et al., 2002; McCartt et al., 2000; Perttula et al., 2011; SabbaghEhrlich et al., 2005; Soccolich et al., 2013; Stein and Jones, 1988). The way through
which this pressure influences drivers is in need of further examination. However, it
is likely that the beliefs, attitudes and values of drivers may interact with
management pressure to determine how a driver will respond and the course of
action taken.
Lastly, there are a number of policies used by companies as well as differing
approaches to monitor compliance and punish breaches. Some companies will
exceed government policy requirements to ensure safety (Sullivan and Flannagan,
2012). High performance safety companies have been shown to use screening criteria
for new employees, conduct regular, and early, training, and reward safe behaviour
(Mejza et al., 2003). A number of papers focussed on specific policies surrounding
loading and unloading, the use of two-up driving and incident reporting. Similarly to
government policies, these policies may provide a point of interaction with which
culture may influence compliance and resultant safety.
3.2.3 Customers and health and safety
There was little direct reference to customers within the included literature.
Further, where customers were mentioned, research rarely included actual measures
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or dependant variables that related to customers, instead indicating a role without
direct evidence. It is, however, important to note that customers may influence the
policies and decisions of organisations. For example, schedulers have been found to,
at times, be more influenced by revenue than fatigue-related concerns (Braver et al.,
1999). Thus the influence of organisations may partially stem from customers.
Additionally, Kemp et al. (2013) collected qualitative and quantitative data from 435
truck drivers in the US and found that many drivers experienced time pressures,
which typically stemmed from customer delays. Snyder (2012) provided an account
of one such instance, in which customer delays led a driver to drive whilst fatigued in
order to reach a deadline. In other industries customers may have a less significant
role in safety, reducing the degree of attention customers have received in safety
culture literature. However, customers appear to be an important contextual
influence on safety within heavy vehicle industries. Again, it is important to further
explore the role of customers in heavy vehicle operations, and specifically to examine
how the beliefs, attitudes and values of drivers may interact with customer policies
and practices.
3.2.4 Road and work environment and crash outcomes
As drivers spend the majority of their time on the road, the road environment
is important for heavy vehicle safety. The literature identified a number of road
environment factors which influence safety, including (1) other vehicles; (2)
environmental conditions such as the time of day and weather patterns; and (3) road
design and condition related to public and private roads as well as on road facilities.
Other vehicles are viewed by truck drivers as presenting the greatest threat to
productivity and safety (Cherry and Adelakun, 2012) and have been found to be at
fault in between 81 and 84% of crashes between heavy vehicles and other vehicles
(Björnstig et al., 2008; Häkkänen and Summala, 2001). With regards to
environmental conditions, inclement weather has been associated with crash severity
and likelihood (Chen and Chen, 2011; Häkkänen and Summala, 2001; Young and
Liesman, 2007). The time of day has also been shown to be linked with the likelihood
of crashes (Blower et al., 1993), and night-time crashes have been associated with
greater levels of truck driver culpability (Bunn et al., 2009). Whilst night-time
crashes may be partially caused by glare (Ranney et al., 2000), the main issue which
has been associated with driving at different times of the day is fatigue (Crum and
Morrow, 2002; Gander et al., 2006; Heaton et al., 2008; McCartt et al., 2000).
There were a number of factors associated with road design which influence
safety. The specific findings can be found in Table A2 in the appendix, however, it is
worth noting a few key points. At a general level, different sectors of road have been
linked with differing crash patterns (Golob and Recker, 1987). Specific factors such
as shoulder and lane width, posted speed limit, traffic signals, visibility and rest
location availability have seen significant attention. Further, research has
demonstrated that private road design can impact not only crashes but also
musculoskeletal injuries through vibrations. Finally, the availability of health care
facilities on the road has been implicated as a factor associated with lower health
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care, thus impacting the general health of truck drivers who conduct long-distance
travel.
Heavy vehicle organisations can limit night-time driving, however, road design
factors are generally beyond the control of the industry. As regular roadway usage is
common to relatively few industries (e.g. transport and emergency services), and the
safety culture literature has emphasised organisational factors, it is not surprising
that the road environment has eluded prior safety culture literature. Given the
majority of people will use some form of roadway when commuting to and from
work, it is important for research to examine the relationship between these factors
and other safety culture factors both at an organisational and worker level.
A significant degree of literature focussed on work environment factors which
the organisation is able to exert some control over. Specifically, these factors
included: (1) vehicle design and maintenance such as mechanical faults, the physical
properties of the vehicle, technologies, ergonomic factors, and emissions; (2)
passengers, and; (3) cargo-related factors. Cargo-related factors have already been
discussed under general organisational factors. In the case of passengers, there was
only one study, which indicated that the presence of passengers was protective
against crashes for older drivers (Bunn et al., 2009).
There were a large number of vehicle design and maintenance-related factors
(see Table A2). These generally included mechanical faults, physical properties of the
vehicle, vehicle technologies, ergonomics and vehicle emissions. Generally,
mechanical faults have been found to be associated with an increased risk of crashes
and higher culpability rates (Blower et al., 2010; Häkkänen and Summala, 2001;
Jones and Stein, 1989). Physical properties of the vehicle, both those which are
common across heavy vehicles and those specific to heavy vehicle types, have been
associated with the likelihood of crashes and injury severity (e.g. Braver et al., 1998;
Hanowski et al., 2005).
There were a number of specific vehicle technologies, which have also been
investigated under test conditions or computer modelling and shown to have
potential benefits. These included rearward video (Lee et al., 2010), forward collision
warning (Rakha et al., 2010), and speed limiters (Saccomanno et al., 2009).
Ergonomic factors, such as seat design and trailer tarping mechanisms have also
been indicated to influence the risk of non-crash injuries in both real world and test
condition examination (Marshall and Wells, 2011; Robb and Mansfield, 2007).
Finally, vehicle emissions have been linked with the likelihood of lung cancer (e.g.
Steenland et al., 1990).
Each of these work environment factors represent contextual influences which
can, and perhaps should, be controlled by the organisation. Further, depending on
the beliefs, attitudes and values of an organisation’s drivers, many of these factors
may have differing influences on safety. Along with the modification of the work
environment by organisations, it is important to recognise that some of the above
factors may represent an artefact of culture, or a point at which culture may interact
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with context. For instance, mechanical faults may be caused by a lack of correct
maintenance checks. The failure to conduct such checks may result from beliefs,
attitudes and values surrounding the inspection of vehicles. However, other factors,
such as those linked with specific vehicle types may also be associated with
differential subcultures. For example, the culture of long-combination vehicle drivers
may differ from those of smaller heavy vehicles. The relationship between these
factors and culture should be further investigated.
4 Discussion
The current research sought to review the heavy vehicle health and safety
literature to profile health and safety behaviours and outcomes (as a means by which
contextual factors may influence safety) and contextual factors shown to influence
these behaviours or outcomes. After reviewing 104 peer-reviewed articles, a broad
range of factors were identified.
Health and safety within heavy vehicle operations can be generally categorised
as crashes, non-driving injuries and health outcomes. Within the accessed literature,
a number of crash-related behaviours have been identified for heavy vehicles. These
primarily include driving whilst fatigued, driving under the influence of drugs and
alcohol, speeding, seatbelt non-use, and general driving errors and violations. Each
of these behaviours have been extensively researched in the broader traffic safety
literature, and within the heavy vehicle research have been demonstrated to either
increase the risk or severity of crashes.
Regarding non-driving injuries, a number of mechanisms or scenarios of injury
were identified. These included slips, trips and falls, overexertion, locomotor
disorders, and striking/crushing incidents. Though each of these scenarios may be
caused by a large cluster of behaviours, the literature has largely focussed on broader
mechanisms and prevalence of injuries, rather than behaviours. This is concerning,
as without knowing the specific behaviours that drivers should avoid or engage in, it
is difficult to manage these incidents or understand them from a cultural perspective.
From the papers reviewed it is evident that a large number of non-driving injuries
occur during loading and unloading, through poor lifting and potentially standing
location in the case of striking/crushing injuries. Another key activity during which
injuries appear to occur is when entering and exiting the vehicle or trailer. Whilst
research has demonstrated that facing the vehicle and using the correct steps and
hand rails reduces impact forces, there is little evidence surrounding the prevalence
of injuries tied directly to these behaviours. Further research is required to
understand which behaviours present the highest risk of non-driving injury to heavy
vehicle drivers.
With regards to health outcomes, prior research has demonstrated high levels
of lung cancer and respiratory diseases, diet and exercise-related diseases, as well as
those related to stress. From the research reviewed, it appears that promotion of
healthy lifestyle choices, such as quitting smoking, healthy eating and exercising,
could reduce these outcomes. Furthermore, teaching drivers to better handle work
stress, through relaxation and coping mechanisms, may have an impact on the level
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of stress-related disorders. Though there was relatively little emphasis on specific
behaviours related to health outcomes, these health issues are not restricted to heavy
vehicle drivers. Prevalence-focussed studies provide an understanding of how to use
prior health knowledge to improve health within this industry. Thus, using the
reviewed papers alongside an examination of literature surrounding these problems
would enable a better understanding of health within heavy vehicle operations. An
investigation of the culture of heavy vehicle drivers may then provide information
about how to best communicate health messages to drivers.
Within the current research, the purpose of identifying these health and safety
outcomes and behaviours was to define targets that contextual factors should
influence. There are many external influences on heavy vehicle operations which
have been examined. These factors are important for future research, and
intervention, using a cultural framework to understand and improve health and
safety in heavy vehicle operations. Within the accessed literature, management
practices such as training, support and pressure, scheduling, policies, monitoring
and enforcement, as well as factors related to employment and payment, align well
with previously examined safety culture factors (see Guldenmund, 2007). Additional
organisational factors that were identified within the literature included more
general organisational characteristics, such as type of goods and distance of journeys,
firm size and type, previous safety record and types of vehicles used. Some of these
factors may have a direct influence over safety, however, organisations with
similarities in these characteristics may also be more likely to have similar safety
cultures and performance. This could in part stem from historical factors
surrounding certain subsections of the industry, as well as similar challenges that
may be faced. It is important to consider such factors, where relevant, to understand
how they may interact with the beliefs, attitudes and values of workers.
As discussed in Section 1, despite the indication that a safety culture
perspective should include national level variables (INSAG-1, 1986, as updated in
INSAG-7, International Nuclear Safety Advisory Group, 1992), little research has
sought to do so when examining safety culture. This is surprising given the degree of
research in broader health and safety, particularly within the reviewed literature,
which has examined factors outside the workplace.
Within the reviewed literature, it was found that government departments,
customers and the road environment are important in heavy vehicle operations.
Though specific legislations differ between jurisdictions, it was seen that government
departments have an influence over health and safety through education and
enforcement. The majority of government-focussed research examined specific
legislations. These included behaviour-related laws, such as those for speed, lane use,
roadside drug testing and driving/work hours, as well as vehicle-related laws such as
those for vehicle length and conspicuity. Though it received less direct attention
within the literature, customers were also seen to be relevant to health and safety,
through influencing organisations and causing delays or time pressures. Finally, the
road and work environment consisted of a broad range of factors including other
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vehicles, environmental conditions, road condition and design, vehicle design and
maintenance, the presence of passengers, and cargo-related factors. At a surface
level, these factors may appear to have little to do with safety culture as it has
traditionally been applied. While there is a need to explore broader contextual factors
when investigating safety culture, there is also a need to ensure that safety culture
does not become a meaningless umbrella term for all things health and safety.
However, when using a conceptualisation of safety culture akin to that presented by
Edwards et al. (2013) or the interpretive framework discussed by Nævestad (2009), it
is important to recognise these influences, and explore how the underlying culture of
an organisation, work group or industry may interact with these contextual factors.
Each of the identified factors may provide a point of interaction, whereby culture
may influence safety. Further, it is commonly argued that the deepest levels of
culture are difficult to directly measure (Guldenmund, 2000; Schein, 1990). As each
of the identified factors has been shown to be relevant for safety or safety-related
behaviours, they also provide useful starting points for deciphering the culture and
how it influences safety.
5 Conclusion
The Australian heavy vehicle industry, like other heavy vehicle industries
around the world, is faced with significant health and safety issues. The concept of
safety culture could provide a useful framework for understanding and improving
safety. While little prior safety culture research has been conducted within heavy
vehicle operations, there has been a significant degree of research exploring
contextual factors which influence health and safety. The present research sought to
profile these factors, along with the behaviours, and health and safety outcomes
which they influence. A number of factors were identified which may provide a
framework for future research seeking to explore health and safety within heavy
vehicle industries. These factors, when present within specific heavy vehicle
operations, represent a broader cultural context within which the beliefs, attitudes
and values shared by a workforce exist. Thus, the identified factors may provide
points of interaction with culture, and may further serve as a starting place for
exploring safety culture.
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Appendix A
See Table A1
Table A1 Organisational management practices in the reviewed literature.
Organisational
Finding
Location
Articles
factor
Training

Management
support and
pressure

Training could reduce proportion of Virginia, USA
incidents caused by technical driving
errors.

(Hanowski et al., 2007)

Voluntary training attendance is
associated with reduced perceived
fatigue.

United States

(Crum and Morrow, 2002)

Supportive (vs. demanding)
management reduces intentions to
commit unsafe acts in owner
operators, and reduces fatigue.

Holland, United (de Croon et al., 2002; Morrow and
Crum, 2004; Swartz and Douglas,
States
2009)

41.9% of port truck drivers report that Israel
their employee forces them to drive
over hours.

(Sabbagh-Ehrlich et al., 2005)

Time pressure and disrespectful
Pakistan, United (Mir et al., 2012; Shattell et al.,
treatment by managers, and work
States
2010)
stress correlated with drug and alcohol
use.

Scheduling

Policies, and
monitoring and
enforcement

Organisational pressure associated
with injuries.

Australia

(Friswell and Williamson, 2010)

Work-life conflict associated with
worsening injuries over time.

Australia

(Williamson et al., 2009)

Job strain, working high hours and
lack of supervisor support, and job
satisfaction, associated with higher
intake of sugary foods through
reduced sleep.

United States

(Buxton et al., 2009)

More arduous schedules, night-time
driving, delivery window size,
inability to choose break times, and
higher work/time-off ratio, associated
with fatigue.

Brazil, Finland,
Holland, New
Zealand, South
Africa, United
States

(Charlton and Baas, 2001; Crum and
Morrow, 2002; de Croon et al., 2002;
de Pinho et al., 2006; Maldonado et
al., 2002; McCartt et al., 2000;
Perttula et al., 2011; Soccolich et al.,
2013; Stein and Jones, 1988)

Some driver’s schedules require
driving outside of hours of service
regulations.

Florida, USA;
Israel

(Beilock, 1995; Sabbagh-Ehrlich et
al., 2005)

Heavy schedules associated with poor Belgium
sleep quality.

(Braeckman et al., 2011)

Sleeping away from home increases
perceived fatigue.

Australia

(Baulk and Fletcher, 2011)

Schedulers influenced by revenue
more than hours of service when
accepting jobs, and use potentially
inaccurate estimates of travel time.

Tenessee, USA (Braver et al., 1999)

High performance safety companies United States
apply screening criteria for new
employees, emphasise pre and during
employment training, conduct a wide
variety of training and testing, and

(Mejza et al., 2003)
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Location

Articles

Policies regarding amount of
unloading and loading influence
fatigue and related incidents.

South Africa,
United States

(Crum and Morrow, 2002;
Maldonado et al., 2002; Soccolich et
al., 2013)

Time spent loading associated with
worsening injuries.

Australia

(Williamson et al., 2009)

Recommend policies for unloading
and loading, and personal protective
equipment.

Denmark

(Shibuya et al., 2010)

Use of two-up driving (two drivers
alternating between sleeping and
driving) reduces sleep quality.

South Africa

(Maldonado et al., 2002)

Some company policies may
positively exceed regulations.

United States

(Sullivan and Flannagan, 2012)

Under reporting of incidents
associated with higher crash rates.

United States

(Moses and Savage, 1994)

reward safe behaviour.

Table A2 Road and vehicle environment factors in reviewed literature.
Factor
Findings
Location
Road design
Public roads Different highway sections
associated with different crash
and conditions
patterns.

Articles

California, USA (Golob and Recker, 1987)

Number of highway access points, India
and narrower lanes and shoulders
linked with increased crash risk.

(Sharma and Landge,
2012)

Posted speed limit associated with Kentucky, USA (Bunn et al., 2009)
truck driver at-fault rates.
Coroners recommendations
Australia
following fatal crashes commonly
target signage, speed limits, safety
barriers, and lighting/visibility.

(Brodie et al., 2010)

Traffic light signalling patterns
influence crash rate.

(Archer and Young, 2009)

Australia

Availability of rest locations
Israel; United
associated with fatigue and related States
outcomes.

(Crum and Morrow, 2002;
Morrow and Crum, 2004;
Sabbagh-Ehrlich et al.,
2005; Snyder, 2012)

Inclination when unloading and
loading increases risk of crushing
from brake failure.

(Shibuya et al., 2010)

Denmark

Private roads Site access road and roadwayAustralia
associated vibrations contribute to
injuries.

(Friswell and Williamson,
2010)

Duration and intensity of vibration Italy, Sweden,
(Bovenzi et al., 2006;
Netherlands,
Robb and Mansfield,
associated with lower back pain.
United Kingdom 2007)

Facilities

Vibrations in mining trucks can
exceed international standards.

Canada

(Kumar, 2004)

Difficulties accessing health care

United States

(Staško and Neale, 2007)
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Findings
on the road.

Location

Articles

Tyre defects associated with
increased crash severity.

United States

(Chen and Chen, 2011)

Technical faults common in truck
driver at-fault crashes.

Finland; United
States

(Häkkänen and Summala,
2001)

Work environment
Vehicle design Mechanical
and
faults
maintenance

Physical
properties

Brake and steering defects increase Washington,
crash likelihood.
USA

(Blower et al., 2010; Jones
and Stein, 1989)

Under ride evident in 63% of fatal Indiana, USA
crashes.

(Braver et al., 1998)

14.3% of critical incidents caused
by physical properties of vehicle
(related to weight, size and centre
of gravity).

(Hanowski et al., 2005)

United States

Longer vehicles have fewer crashes Canada
per kilometre travelled.*a

(Regehr et al., 2009)

Double trailer trucks more likely to Washington,
crash than single trailer trucks.*a
USA

(Stein and Jones, 1988)

Greater mass associated with
increased risk of running through
red lights.

(Archer and Young, 2009)

Australia

Technologies Rear-view video improves stopping Controlled tests
in reversing situations.

Ergonomics

Emissions

aDiscrepant

(Lee et al., 2010)

Forward collision warnings could
reduce rear end crashes in the
United States.

(Rakha et al., 2010)

Speed limiters set to 105 km/h
Computer
could reduce crash rates in Canada. modelling

(Saccomanno et al., 2009)

Step-van design reduces risk of
Controlled test
slipping when exiting regardless of
hand rail use.

(Fathallah et al., 2000)

Manual tarping trailers associated
with increased risk of falls and
overexertion.

Controlled Ttest (Marshall and Wells,
2011)

Seat design influences back pain
and repetitive strain injuries.

United Kingdom (Robb and Mansfield,
2007)

Lung cancer associated with
vehicle exhaust exposure.

Sweden; United (Garshick et al., 2008;
States
Jakobsson et al., 1997)

More specifically, lung cancer
associated with diesel exhaust.

United States

(Steenland et al., 1990)

findings may be related to jurisdictional differences and clustering of multiple vehicles as

‘long vehicles’.
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