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A B S T R A C T

Work-related injuries and musculoskeletal disorders are a workplace problem within and across organisations,
particularly in rail, where they tend to be treated as non-significant and localised health issues. While physical
ergonomics and interface-design issues invariably contribute to the incidence of such injuries, contemporary
socio-technical systems theories suggest that wider system factors and complex interrelationships between them
may also play a role. The Person-Environment-Occupation-Performance (PEOP) model was applied to identify,
map and examine injury-linked factors in light rail vehicle (i.e. tram) drivers. Two connected studies were
undertaken in a mixed methods research design involving direct (e.g. interviews, observations) and indirect (e.g.
cross-sectional surveys) methods of data capture within an Australian light rail organisation. Analysis of data and
triangulation of findings revealed that impacts to work-related musculoskeletal disorders are not only local and
physical, but psychosocial and distal, such as in driving behaviours engendered by knowledge and levels of
interpersonal support received. Application of the PEOP model enabled determination of the complexity around
the systems factors contributing to driver injury in the context of rail driving and identification of specific
strategies and implications for policy, education and practice. This paper presents the first use of the PEOP model
to examine and better understand work-related injuries and musculoskeletal disorders in the rail industry and
provides an adaptation of the model as a template for future use in rail and to assist in the understanding of
complex injury scenarios within a socio-technical systems approach.

1. Introduction

In transportation, as in many other complex domains, socio-tech-
nical systems (STS) approaches are now the dominant paradigm for
explaining how and why humans work the way they do, particularly at
the intersections of safety, risk and performance. Various models ar-
ticulate interrelationships of system components, including the Risk
Management Framework (Rasmussen, 1997), STAMP (Leveson 2011;
Read et al., 2019), and EAST (Read et al., 2018; Stanton et al., 2013). As
a case in point, rail is a complex system where STS approaches are
widely used in the context of accidents (Naweed et al., 2015; Salmon
et al., 2016; Santos-Reyes and Beard, 2009) which, while infrequent,
can have high consequences. In comparison, few STS approaches have
been applied in tackling more localised issues, such as musculoskeletal
overuse and repetitive strain injuries. While more frequent, and with
comparatively lower consequences, these issues present a significant
worker health problem. STS approaches focusing on large and

intractable problems in rail and health which demonstrate connections
between health and accident risk are by no means absent (Naweed
et al., 2018). However, slower uptake at the individual health level may
be related to a number of issues, including: (1) non-alignment with
recommended practice in the literature (Goode et al., 2019); (2) the
research-to-practice gap (Shorrock and Williams, 2016); and/or (3) the
availability of approaches that readily inform evidence-based im-
plementation. Models or concepts in STS may also be too complex or
theoretically detailed to resonate well with industry practitioners,
especially outside accident prevention. This paper examines the utility
of a specific model of occupation and health to investigate muscu-
loskeletal health concerns among light rail drivers from an STS per-
spective in light rail.

1.1. Light rail transit as a complex socio-technical system

The last decade has seen many countries undergoing an urban light
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rail1 renaissance, revitalising old transit systems or developing new
ones as cheaper and more reliable alternatives to heavy rail (i.e. trains),
and as a prospective solution to contemporary mobility needs. At the
start of the 21st Century, over 500 light rail systems reportedly oper-
ated around the world, 100 of which were in expansion (Australasian
Railway Association, 2019). Existing light rail networks also house
different light rail vehicle (LRV) types, with new LRVs commissioned as
older types reach the end of their service life. From the driver per-
spective, the light rail system features complex interactions in the in-
terstices of person, environment and occupation that impact perfor-
mance. As vehicles with metal wheels on metal tracks that operate at
speed over undulating infrastructure and mixed-driving environments
(Uyulan et al., 2017), LRV operation poses certain risks and challenges
(e.g. variable handling, road vehicles, pedestrians, open system, poor
weather) (Naweed and Rose, 2015), which are further compounded by
human limitations (e.g. reaction times, situation awareness, vigilance,
distraction, fatigue) (Naweed and Moody, 2015). Performance in LRV
driving is contextualized largely by service delivery goals (schedule
adherence, time keeping, customer experience), that create pressures
and interact with social and psychological factors, such as presiding
organisational (sub)cultures, social norms, worker motivations and
predispositions. Safety exists as a Key Performance Indicator (KPI),
typically manifesting as mitigation of stop-signal breaches (to limit
collision-risk) and smooth driving (to avoid passenger slips, trips and
falls). However, the driver’s working environment, including all that
they interface with (the cab, depot, etc.), must also be safe and func-
tional to avoid driver injury.

1.2. Musculoskeletal injuries among light rail vehicle drivers

In the wake of industry growth, work-related musculoskeletal dis-
orders (MSDs) and injuries are now a rising workplace problem within
and across organisations (Safe Work Australia, 2016), including rail
(Australian Safety and Compensation Council, 2006; Nathanael and
Marmaras, 2018; Office of Rail and Road, 2014). Machinery operators
and drivers have a high frequency rate of serious work-related MSD
claims. A 2016 Australian report showed 15.8% of all MSD claims in a 2-
year period were from individuals employed as machinery operators and
drivers (Safe Work Australia, 2016). While these statistics are not specific
to the light rail sector, similar movements and behaviours are required
for all driving, and the same injuries and disorders are evident across the
industry. These work-related injuries and musculoskeletal disorders may
include shoulder, wrist, forearm, back and neck strains and muscle dis-
orders leading to pain, aching and discomfort. The underlying mechan-
isms for these problems are not well understood but are generally be-
lieved to be related to repetitive movements, vibration and muscular
stress compounded by psychosocial factors (Bovenzi, 2015; Fethke et al.,
2015; Muggleton et al., 1999; Walker-Bone and Cooper, 2005). However,
these injuries have a tendency to be treated by many as insignificant,
which impacts the availability of the resourcing able to deal with them
and extract potential lessons (Goode et al., 2019). Furthermore, the topic
is still viewed as a localised health issue, attributed largely to interface
design and physical ergonomics explanations for causation and re-
mediation as opposed to risk from psychosocial hazards and psycholo-
gical dimensions, which are inadequately addressed but which have a
substantial effect on MSD risks (Oakman et al., 2018; Walker-Bone and
Cooper, 2005) and safety behaviour (Oakman et al., 2018); conse-
quently, use of both STS and individual factors approaches to address
MSDs in light rail are relatively rare.

1.3. Applying Person-Environment-Occupation-Performance in light rail

The Person-Environment-Occupation-Performance (PEOP) model
(Christiansen and Baum, 2005), proposes that intrinsic (i.e., person),
extrinsic (i.e., environmental), and occupation (i.e., task/role) factors
interact to produce the person’s occupational performance and partici-
pation. Intrinsic factors include physiological (e.g., sleep, nutrition),
cognitive (e.g., memory, reasoning), spiritual (e.g., meaningfulness),
neuro-behavioural (e.g., physical coordination), and psychological (e.g.,
personality, motivation) dimensions. Extrinsic factors expand the model
into an STS framework, and include social support (i.e., emotionally
supportive relationships), social and economic systems (e.g., workplace
economic policies), culture and values (e.g., group traditions), built en-
vironment and technology (e.g., buildings, tools,) and the natural en-
vironment (e.g., natural terrain, climate). High utility of the PEOP model
has be shown across different industries and varying contexts (Table 1).

The PEOP model also explains the occupational profile of humans in
the context of health concerns. One such interpretation of this is pre-
sented by Kaskutas (2016) (Fig. 1), where the work performance to
reach job demands is either supported or reduced by personal or en-
vironmental affordances in four different states: (a) personal compe-
tence and environmental affordances (i.e. support factors) are equally
insufficient; (b) environmental support factors are adequate but per-
sonal competence is not, which reduces work performance; (c) en-
vironmental support factors are inadequate but personal competence is,
which reduces work performance; and (d) where both personal com-
petence and environmental support features are at the right levels to
promote work performance.

Together, the PEOP and Kaskutas models describe how individual
work performance and participation are influenced by multiple factors.
Given its application (see Table 1) and congruence with STS, the PEOP
model is valuable for tackling worker-health issues from a systems
perspective, and in the case of light rail and MSDs, taking a broader
perspective than only interface design/physical ergonomics issues when
developing injury prevention strategies. Examining the utility of the
PEOP in light rail will add valuable findings to literature on STS in rail
domains, and as the PEOP has not yet been applied to light rail, par-
ticularly in relation to understanding MSDs, it would go some way to-
wards addressing research gaps.

1.4. Research aims and questions

This research aimed to draw on the PEOP model to identify, map
and examine injury predisposing factors and factors linked with MSDs
amongst LRV drivers. Two connected studies were undertaken in an
organisation with such an injury focus, with the overarching research
question: Can a PEOP approach enable us to capture and determine the
complexity around systems factors contributing to driver injury in the con-
text of LRV driving? Specifically, the research aimed to answer four
questions:

RQ1: Which driving behaviours are significantly associated with the
presence of MSDs amongst LRV drivers?
RQ2: What intrinsic and extrinsic factors are linked to MSDs among
LRV drivers?
RQ3: Which factors can predict the presence of MSDs among LRV
drivers?
RQ4: What strategies and implications for policy, education and
practice may be explored to reduce the impact of injury-linked
factors contributing to MSDs among LRV drivers?

2. Methodology

2.1. Overarching research design

A mixed methods design involving in-cab observations, interviews/

1 Light rail transit is a form of urban rail transit that uses rolling stock similar
to a tramway, but tends to operate at much higher capacity, and often with
exclusive right-of-way. Multiple tramcars are coupled together to form a train
and they are typically much faster than traditional trolley/streetcar type rail
systems.
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focus groups, and a cross-sectional survey was used to triangulate data
collection from LRV drivers. As shown in Fig. 2, in-cab observations and
interviews/focus groups comprised a single study (Study 1), the out-
comes of which informed follow-up survey development that built on
these findings (Study 2). This process allowed concept elicitation
through direct observation via real-time video sampling, through
structured individual and group discussion, and via surveying to

promote structural analysis. Combining these research components
maximised knowledge elicitation, allowing a more complete under-
standing of the topic (Cooke, 1994), and also accounted for the sub-
jective experiences and motivations of LRV drivers. Qualitative com-
ponents provided meaning, context and depth, while quantitative
analysis provides some sense of validation and increases gen-
eralisability of findings (van Griensven et al., 2014). Given the

Table 1
Application of PEOP model in industries (other than light rail).

Author(s) Industry Context Findings

Smith and Hudson
(2012)

Healthcare Strategies to address barriers to health literacy PEOP model proposed as a tool to identify the complexity of the variables that
affect health literacy

Ho and Siu (2018) Healthcare Effectiveness of sleep intervention by occupational
therapists

Proposed the development of a conceptual framework for organizing
occupational therapy practice through application of the PEOP model

Kalam et al. (2016) Education Poor performance of learners from low socio-economic
areas

PEOP model used to reveal how learners’ environments and individual
characteristics impacted performance in a classroom

Wagenfeld et al.
(2017)

Healthcare Investigates the value of collaboration between
occupational therapy and design

Knowledge of PEOP-fit found to make occupational therapists betters suited to
collaborate with designers to create optimal environments

Broome et al. (2009) Transport The link between bus usability and the health of older
people.

PEOP model used as a framework to play a key role in conceptualizing,
implementing and evaluating improvements in bus usability for older people

Vrkljan (2010) Technology Explores how previous experiences with technology
influences collaboration

PEOP model found to allow for an in-depth investigation that informs clinical
decision making

Gupta and Sabata
(2010)

Workforce Explores how the PEOP model can be used as a
framework to determine needed workplace
accommodations

PEOP model identified as one key perspective to address the evaluation,
interventions and outcomes related to workplace accommodations needs

Jarus & Ratzon (2005) Workforce Prevention of work-related MSD injuries PEOP model applied with motor learning and ergonomic concepts to develop a
prevention program to assist workers in a variety of workplaces to improve
movement patterns and prevent MSDs

Sevilla & Sanford
(2013)

Workforce Taxonomy of job activities for use in workplace
assessment

Proposes a hierarchical model of accommodations for people with a variety of
workplace injuries (including MSDs) using the PEOP model

Fig. 1. Kaskutas Model of Work Performance, displaying interacting factors from the Person-Environment-Occupation-Performance (PEOP) model in terms of
promoting work performance to meet job demands (adapted and redrawn from Kaskutas, 2016).

Fig. 2. Overarching research design showing features of both studies.
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argument for using STS approaches, underutilisation of mixed methods
approaches in this research context (Tabanelli et al., 2008), and other
research offering little insight to injury-linked factors contributing to
MSDs among LRV drivers, using a mixed methods approach in the
present research improved the ability to address the research aims.

2.2. Overall participants, recruitment and ethical considerations

The project was undertaken in a single Australian light rail orga-
nisation containing a sub-population of LRV drivers in which injuries
attributed by the organisation to work-related MSDs was high. All
participants (Study 1 n = 13; Study 2 n = 44) were recruited through
management staff and were current or former professional LRV drivers
experienced in operating the LRV2. Participant numbers varied ac-
cording to study component, with some crossover due to driver avail-
ability or scheduling requirements (Table 2).

Participants provided informed consent to confidentially partici-
pate, and ethical approval was obtained (Approval No.’s: H17/09–168,
0000020947). The following sections present methods and results
specific to both studies.

3. Study 1

3.1. Participants and recruitment

For the interviews/focus groups in Study 1, 12 current drivers and
one former driver (redeployed to a different role) (n = 13) were re-
cruited to participate in 10 one-to-one interviews, and one 3-driver
focus group. Of the 13 drivers (male = 9, female = 4), eight were
injured, and five were uninjured and on light duties (shorter/fewer
shifts). For the observation component, 11 drivers volunteered to be
video recorded during their shifts (male 9, female = 2), with five
identifying as injured and six as uninjured.

3.2. Procedure

3.2.1. In-cab observations
Researchers met the driver in the depot and then walked with them

to the Driver Stop-off Point (DSP)3. On arrival of the in-service LRV, the
participant commenced their shift following driver changeover. At the
next passenger stop, researchers mounted two GoPro cameras in the cab
(~15 s), one placed above the head (facing down the body and LRV
controls from the rear of the driver) and another to the left side of the
front console (facing the left side of the body). Most recordings cap-
tured each participant performing a full return-trip on their line
(~65 min), during which researchers remained within the saloon, be-
hind the cab. Equipment was removed on return to the DSP.

3.2.2. Driver interviews/focus group
The focus group and each of the interviews took place in a stabled,

out-of-service LRV at the main depot. Interviews lasted 60 min, and the
focus group 90 min, with the same semi-structured protocol used in
both, covering core topics aimed at exploring the perspectives of both
injured and uninjured drivers (Table 3). The number of drivers allowed
for multiple themes to be examined in detail to the point of data sa-
turation (Francis et al., 2010).

3.3. Data analysis

3.3.1. In-cab observations
In total, 526.7 min of footage were analysed using behavioural

observation coding software (BORIS v. 7.5) (Friard and Gamba, 2016).
Behaviours were defined and viewed in the form of a ‘time budget’,
permitting in-depth analysis of the frequencies of recorded behaviours.
Observed behaviours were recorded as either state events (i.e. beha-
viours with a duration), or point events (i.e. behavioural instances with
no duration). The set of observed behaviours developed for the study
are shown in Table 4.

Video observations were broken into trips, with each treated as a
unit of analysis. An ‘A-B’ journey reflected one complete trip in a single
direction. An ‘A-B-A’ journey reflected a complete turnaround and re-
turn and therefore constituted two trips. Six drivers completed an ‘A-B’
journey each (6 trips), and 5 drivers completed an ‘A-B-A’ journey each
(10 trips). Recordings were broken into 2–3 smaller files by cameras,
representing a total of 16 individual trips. Video clips averaged 16 min
in length, making a total of 33 clips that were analysed as individual
recording instances.

Mann-Whitney U-tests (SPSS v. 24) were used to analyse data for
associations with injury status (dichotomous: 0 uninjured, 1 injured) in
relation to each observed behaviour. Total number of seconds spent
performing state behaviours (e.g. sustaining forward pressure on the
Master Controller—the lever to control LRV movement—for 1 min),
and total number of point behaviours (e.g. depressing the Master
Controller to reset Vigilance) observed per clip comprised data-points
for each behaviour. As height and weight were not recorded, classifi-
cation of drivers into small, medium, and large build was based on
consensus of the research teams’ judgements of in-person build (3 dri-
vers classed as having a small build, 3 medium and 5 large).

3.3.2. Driver interviews/focus group
Interview and focus group data were qualitatively analysed to ex-

amine LRV driver perspectives on occupational injury risk factors,
causation, experience and prevention. Analysis accessed individual
understandings, attitudes and motivations, and through detailed insight
into key themes, complemented Study 2 data. Thematic analysis was
used to deconstruct content and expression of interviewee dialogue in
response to interviewer prompts (Braun and Clarke, 2006), allowing
interpretation of meaning in the context of the research aim. Interview
transcripts were read in-depth, with segments illustrating themes coded
and examined for interrelationships. Data analysis was deductive at the
top-level, but inductive at the sub-level. While analysis followed the
PEOP model structure to define top-level themes (Christiansen and
Baum, 2005), sub-themes were defined based on emergent data char-
acteristics. NVivo qualitative analysis software (v. 10) was used to code
transcripts and run matrix queries.

3.4. Results: In-cab observations

Specific in-cab driving behaviours were expected to be associated
with the injury status of LRV drivers and were identified in advance by
management staff at the light rail organisation. Table 5 shows beha-
viours associated with injury status within in-cab observations.

3.4.1. Engaging the vigilance system
All LRVs had been adapted some years ago to remove the require-

ment that drivers repeatedly lift their hand from the Master Controller
in response to (and in order to reset) a vigilance request (see Fig. 3). A
‘task-linked’ vigilance detection system was in place at the time of the
research, requiring movement of critical controls to indicate vigilance
reset. While many drivers were observed continuing to engage the
vigilance system at regular intervals, injured drivers engaged in re-
peated vigilance behaviours linked with legacy controls significantly
more often than the uninjured drivers did (Table 5).

2 The LRV was a modern Flexity class tram (Bombardier Transportation
2019), and built c. 2014. Over 5,000 Flexity class types are in services in many
cities around the world. In Australia, they operate in several states.

3 The DSP was a designated driver changeover location accessible from the
main depot and off-limits to the public. Note that changeover time at the DSP
was not built into service timetabling.
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Table 2
Participant numbers across research components.

Component Gender Injury status Total Crossover participants1

Male n (%) Female n (%) Injured n (%) Uninjured n (%)

Interviews and focus groups 9 (69) 4 (31) 8 (62) 5 (38) 13 10
In-cab observation 9 (82) 2 (18) 5 (45) 6 (55) 11 10
Survey 33 (75) 11 (25) 7 (16) 37 (84) 44 Unknown

1 Note: Crossover participants indicates participants involved in both interviews/focus group and in-cab observations.

Table 3
Overview of the semi-structured protocol used for driver interviews and the focus group.

Class of question Example content Example question

1 Background Work history, driving experience, current shift patterns Can you give me an idea of how long you have been driving trams?
2 Light rail vehicle1 Cab layout walkthrough, design features What aspects of the cab design do you like?
3 Driving Behavioural patterns, skills and habits, physical/mental stresses and pressures Do you think driving skill is linked to injury over time? In what ways?
4 Injury considerations Injury prevention, avoidance, management Are there things that you do to try and prevent getting an/another

injury? What?
5 Un/injured drivers Reasons for avoidance/occurrence, attitudes towards prevention/cause, (un)

avoidable injury risk
Are there good habits that you can pick up to learn to avoid injury?

6 Closing Final points, driver observations and reflections Are there any final comments or thoughts you would like to share?

1 Note: Step 2 took part within the cab of the LRV.

Table 4
Observed behaviours with descriptions and event types.

Behaviour Description of behaviour Event type

Forward pressure engaging ‘deadman’1 Forward pressure (acceleration) on the Master Controller with downward force (‘deadman’ switch) State
Backward pressure engaging ‘deadman’ Backward pressure (braking) on the Master Controller with downward force (‘deadman’ switch) State
Engage vigilance system2 Driver lifts hand from Master Controller and then depresses to engage vigilance system (although task-linked vigilance

detection is in place)
Point

Reach/Lean left Left arm reaches left to access controls Point
Reach/Lean right Right arm reaches right to access controls Point
Reach/Lean across body midline Right arm reaches left, or left arm reaches right across the body midline Point
Stretch/Flex wrist to arm Hand or wrist flexion or arm extension Point
Stretch/Flex legs to feet Foot or ankle flexion or leg extension Point
Upper body stretch Upper/lower back, neck or head stretching Point
Foot position Positioning foot, or feet in a position other than the intended footrest position (e.g. sides of footrest, console, floor) State
Grip change Variation of forearm, wrist or hand position that changes grip of the Master Controller Point
Forearm unsupported Forearm not meeting armrest resulting in no forearm support State
Posture shift Repositioning of seating posture or driver seat Point

1 Deadman is a ‘fail-safe’ switch that is designed to become activated if the human operator becomes incapacitated, in this case, if the hand is removed from the
Master Controller.

2 To overcome the possibility of the Master Controller being held permanently in position, the vigilance control system requires a reset at intervals.

Table 5
Mann-Whitney U-tests of state and point behaviours of injured and uninjured drivers.

In-cab behaviour Duration (median seconds) Frequency (median times) U p

Injured Uninjured Injured Uninjured

Forward pressure engaging ‘deadman’^ 295.12 347.93 − − 164 0.326
Backward pressure^ engaging ‘deadman’^ 254.10 269.04 − − 126 0.736
Unsupported left forearm^ 202.86 312.62 − − 138 0.958
Foot position^ 0.00 53.00 − − 151 0.606
Engage vigilance system+ − − 1 10 204.5 0.014
Reach/lean left+ − − 3 2 152 0.581
Reach/lean right+ − − 9 10 175.5 0.157
Reach/lean across midline+ − − 1 1 161 0.382
Stretch/flex wrist to arm+ − − 2 3 158 0.444
Stretch/flex legs to feet+ − − 0 0 136 1.00
Upper body stretch+ − − 1 0 76.5 0.031
Grip change+ − − 6 9 146.5 0.709
Posture shift+ − − 3 3 120 0.581

Note. Duration = median number of seconds each behaviour was observed per clip (M = 16 min); Frequency = median number of times each behaviour was
observed per clip (M = 16 min). ^State behaviour. +Point behaviour.
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3.4.2. Forward and backward pressure engaging the deadman
To use the Master Controller, drivers were required to activate the

deadman by exerting downward pressure and then moving the Master
Controller forward to accelerate, or backwards to brake (see Fig. 3).
Observational data showed that the amount of time that a driver spent
moving the Controller forward or backwards was not associated with
injury status (Table 5).

3.4.3. Reach/lean left and right and across the body midline
Driving required interaction with touch screens in the cabin in re-

sponse to different tasks. Repeated observations were made of drivers
reaching their left arms to the left of the cabin, their right arms to the
right of the cabin, and crossing their right or left arms across the body
midline (see Fig. 4). However, frequency of reaching or leaning was not
significantly associated with injury status (Table 5).

3.4.4. Stretching the upper body, and flexing arms/wrists and legs/feet
Drivers stretched different parts of their body during their journeys.

Stretching of the arms to the wrists was most common and stretching in
the upper body was also seen (see Fig. 4). No participants were ob-
served stretching their legs or feet. Results indicated that uninjured
drivers stretched their upper body (shoulders/neck/head) significantly
more frequently than injured drivers (Table 5).

3.4.5. Foot position
As the foot rest area was adjustable up or down but the angle and

distance from the seat were not, the foot rest was not used by all drivers
(see Fig. 5). Depending on leg length, drivers placed their feet in a
variety of positions, producing compensatory postures. In some cases,
this was due to the placement of a large controller radio-call button
within the pedal itself. However, there was no significant association
between foot positioning and injury status (Table 5).

3.4.6. Grip change
Drivers deliberately varied forearm and wrist position to grip the

Master Controller (see Fig. 5). While drivers with smaller builds had a
tendency toward fewer grip changes (Mdn = 2.00) than those of
medium (Mdn = 9.50) and large build (Mdn = 11.00) (H = 9.08,
p < 0.05), there was no significant difference between how often in-
jured and uninjured drivers changed their grip of the Master Controller
(Table 5).

3.4.7. Unsupported left forearm
The left hand was always used to control the Master Controller due

to its position on the left side of the cabin. Completely raising the left
forearm from its armrest was observed across all drivers at different
times over their journey, leaving the arm unsupported for extended
periods (see Fig. 5). However, the length of time that the drivers’
forearms was unsupported by the armrest was not significantly asso-
ciated with injury status or with driver build (Table 5).

Fig. 3. Master Controller engagement including vigilance system activation (release/depression of Master Controller) (top-row), backward (bottom-left) and forward
(bottom-right) exertion. The Master Controller must remain depressed to keep the deadman system activated.
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Fig. 4. Images showing LRV driver reaching to the left, right and across the body midline (top-row), stretching their upped body (bottom-left), and shaking out their
wrist (bottom-right).

Fig. 5. Images showing LRV driver: foot/feet position (top-left); shifting full-body posture (top-right); changing grip on the Master Controller (bottom-left and
bottom-middle); and left forearm unsupported by armrest (bottom-right).
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3.4.8. Posture shift
All drivers adjusted the driver seat quickly at the beginning of each

lap, and then readjusted the seat and armrests at the next stop.
Additionally, drivers adjusted posture and/or seating position three
times per 16 min on average (see Fig. 5), with one injured driver
shifting their position a total of 13 times in 16 min. However, difference
in the shifting behaviour of injured and uninjured drivers was not sig-
nificant (Table 5).

3.5. Results: Focus group/interviews

Subthemes arising from focus groups and interviews describe
person-level physical, psychological, cognitive risk and preventative
characteristics for occupational injury during LRV driving. Supporting
transcript excerpts show injury class via an anonymous ID (e.g.,
D01U = driver 1, uninjured). The subthemes are arranged according to
the PEOP model.

3.5.1. Person-level
3.5.1.1. Prior physical status and attitudes towards injury. For all drivers,
previous jobs involving occupation tasks using similar body parts
potentially increased injury susceptibility (Table 6, No. 1). Prior
physical status was considered in pre-employment health and
standardised medical assessments. As this knowledge required
accurate medical screening, drivers must fully engage with
assessment. Attitudes towards injury and health management were
also essential to understand.

Attitudes towards injury was a subtheme that shaped behaviour
through drivers’ views of their injury susceptibility, perception of
others’ injury susceptibility, and organisational safety culture. The un-
injured felt that LRV driving tasks, though involving repetitive move-
ment, were not considered physically taxing enough to injure them
(Table 6, No. 3). Body size was also implicated, with the view that being
larger in frame reduced likelihood of sustaining an injury, when
viewing other drivers. Injured drivers held that the problem was pre-
sent, but of low visibility. These drivers considered occupational injury
more prevalent than it appeared, due to some drivers not openly

dealing with injury treatment, or organisational requirements (Table 6,
No. 2). One uninjured driver referred to the need to separately consider
modifiable and unmodifiable aspects of driving tasks in managing
personal well-being (e.g., rosters, time pressures) (Table 6, No.4). Some
injured drivers felt that despite good safety culture, drivers’ individual
concerns were a lower priority. Drivers felt that affordances within this
safety culture were capitalised on by some injured drivers, notably by
‘taking’ spare shifts from others through light duties requirements.

3.5.1.2. Intergroup tension. Tension between injured and uninjured
drivers was reinforced by injured drivers sharing views amongst
themselves, and uninjured drivers likewise. Injured drivers felt their
condition was not accepted by other drivers, while uninjured drivers
felt light duty accommodations for injured drivers impacted their job
satisfaction (Table 6, No. 8). Injured drivers on light duties typically
had shorter/fewer shifts on account of injury, however due to
scheduling difficulties injured drivers were predominately rostered on
standby (i.e. spare shifts in “response” mode) at the depot. Although
injured drivers valued performing light duties via standby shifts, the
uninjured felt less autonomy, more uncertainty in shifts, and that the
main purpose of standby shifts for incidents was not followed (Table 6,
No. 13).

3.5.1.3. Health management. Injury prevention self-management by
uninjured drivers was characterised by proactive control over health
and comfort, for example drivers had trialled lumbar support devices to
prevent injury. However, injured drivers less often referenced
preventative health self-management, although similar approaches to
those of uninjured drivers were sometimes used for injuries sustained
over time (e.g., exercise) (Table 6, No. 5). Although injured drivers used
painkillers, anti-inflammatory medications, and brief exercises to
reduce symptoms, this prolonged treatment-seeking in some cases.

Engaging healthcare professionals and services was a psychological
factor extending beyond prior physical status, relating to perspectives
on external sources of heath and injury prevention. Most injured drivers
viewed organisation-contracted physicians negatively. In multiple
cases, injured drivers opted to avoid engagement with medical

Table 6
Illustrative quotes for subthemes at the Person level of the PEOP model.

No. Illustrative quote ID

1: Some people have got a higher level of aggravation… but then the tram itself is not necessarily causing their injury, they may have a previous injury that’s getting
aggravation.

D03I

2: There’s people [sic] with injuries [where] you can clearly see that they’re injured and are not saying anything, and they’re just putting up with the pain. D04I
3: You know, physically there’s nothing to it. It’s really easy, so I don’t understand myself how others could be getting wrist injuries or shoulder injuries because you

don’t have to move.
D11U

4: I’ve learnt if you can control something, say something and try and get it changed, if you can’t control it just let it go. D02U
5: I was committed. I’m going to get my health sorted… I thought, after [zero harm training] ‘I’m going to find out, I’m going to try to get this sorted, because I’ve had

[the injury] for over a year and it didn’t go away.… sometimes I’d do some exercise and it would sort of go away, but then it’d come back, so I thought ‘no it’s not
going away.’

D03I

6: They’re feeling that if they go to the [organisation’s doctor] then they won’t have light duties, they won’t have proper treatment. But if they go privately, they feel
that through their own doctor that they will get better treatment.

D08I

7: I was trying everything. I don’t want the [surgery] because that would mean [time] in hospital [and] off work, and you don’t know if it will come back to normal if
you start doing that.

D03I

8: Just, it’s on and on and on and on, you know, and it affects [others] because we’re having to juggle people. People are rostered on and then we’re having to juggle
where they go, when people are coming off. It’s making that job that little bit harder.

D12U

9: What I mean [by] ‘daydream land,’ [is]… I’ll be scanning the people, scanning the environment, everything else, and [vigilance] will go off… I’ll forget to just do
that little movement because you’re focussing on everything external of the vehicle too much… I’m external of the vehicle.

D09I

10: We’re always having to avoid obstacles for people, cars on the tracks… Just the idea in general of having to go to 53 intersections in one direction and back the other
way without making any mistakes over a long period of time… at the end of your shift you are mentally drained.

D08I

11: I’m on [medication] to calm my nerves down because [of] very high stress volumes, and there’s nothing in my life that’s stressful to that extent… There’s not really
that much stress going on [at home]. But I come home with a lot of stress.

D07I

12: I transfer my whole body and just sit here, relaxed, and the only stress I’ve got is [keeping] my eye on people and focusing 100% as much as I can on the [ground]
…That’s what you’ve got to do, you’ve just got to watch.

D02U

13: There’s drivers covering for [the injured] since the start of the job, and [they’re] getting paid the same full-time driving rates… undermining, sort of, the team spirit,
because the person on the light duties is being covered by drivers on a standby which is primarily for people calling in on genuine sicknesses or some sort of incident
on the alignment.

D03I

Note: ID denotes driver number and injured (I) versus uninjured (U).
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assessment and support. Where the process was avoided entirely, dri-
vers injured, uninjured, or with minor complaints accessed healthcare
services considered more organisationally independent (Table 6, No. 6).

Avoiding organisationally preferred services occasionally provided
conflicting information about injury treatment and management.
Delaying treatment of minor complaints and early injuries largely re-
sulted from avoidance of potential consequences. Seeing treatment
experiences and job modifications of other injured drivers led to
avoiding perceived negative outcomes for themselves (e.g., shift re-
structure, invasive treatments) (Table 6, No. 7).

3.5.1.4. Cognitive and attentional factors. Driving repeatedly directs
attention outside of the internal cabin, and turns the body towards
external systematic (e.g., signals) and non-systematic (e.g., pedestrians)
cues. This promoted cognitive detachment in all drivers, potentially
limiting attention to posture and movement that contributes to injury
(Table 6, No. 9). External attentional shift was best summarised by an
injured driver: I shut the door and the world disappears, you know, it’s
just you and what’s in front of you (D04I). The safety critical nature of
LRV driving means this attentional shift can provoke stress associated
with driver focus (e.g., time pressure), influencing health, and injury
risk predisposition (Table 6, No. 10, 11, 12).

3.5.2. Environment-level
3.5.2.1. Outside of the cab. Environment/extrinsic-level factors
included aspects within and affecting the immediate environment
outside the LRV. Non-systematic behaviour of pedestrians and
vehicles encountered while driving was highly represented in this
theme (Table 7, No. 4). Unpredictable environmental factors led to
constant scanning of pedestrians’ body language, of other vehicle’s
turning indicators, and anticipating known risks (e.g., particular
intersections), increasing driver stress (Table 7, No. 1). Some drivers
reacted negatively to high sensory stimulation from auditory (e.g.,
‘wheel squeal’), visual (e.g., road signals), and movement (e.g.,
vehicles) cues (Table 7, No. 2, 3). Injured drivers also reported
discomfort from sensitivity to noises within the cabin, including air-
conditioning systems.

3.5.2.2. Inside the cab. All drivers described in-cab environment and
features in relation to occupational injury risk. Accessing controls and
viewing camera screens on the front console were considered a risk

factor for back injury when driver height and seat positioning required
repetitive reaching or leaning (Table 7, No. 5). All drivers felt lumbar
support in the seat was inadequate, with space not supporting the lower
back. Uninjured drivers’ size and limited lumbar adjustability
compounded discomfort. Time constraints at driver handover limited
readjustment of previous drivers’ settings, which were then made while
driving (Table 7, No. 7). After this rapid adjustment, all drivers reported
tendency to ‘slump’ and remain unaware of this, causing pain. Reported
‘hardness’ of the seat also led to further discomfort, and injured drivers
felt that seat adjustability constraints limited armrest support (Table 7,
No. 6).

Driver seat position, size and frame of the driver, and design of the
foot rest area interacted to shape posture. All drivers described how
radio pedal positioning on the foot rest required avoidance of unin-
tentional radio activation. Many avoided this by resting their feet closer
to the console to reduce uncomfortable posture. Inability to naturally
align feet and legs angled driver posture off-centre (Table 7, No. 8).
Only one driver was observed with both feet flat on the cabin floor.

Armrest positioning was a key subtheme. Drivers sought adequate
support on the left side to produce force for using the Master Controller.
For the right, effective interaction with button controls was essential
(e.g., horn), with procedural memory prioritised over discomfort from
armrest position. Limited adjustability was concerning, as an injured
driver reported that reduced left-side support produced a lean towards
the right armrest, which offered greater support, yet bore more weight.

The Master Controller-integrated deadman switch required constant
vertical stem depression, and a driver vigilance mechanism was also
regularly reset via Master Controller depression or movement (see
Fig. 5). Injured drivers reported discomfort from maintaining force on
both acceleration and braking controls, affecting the wrist and upper
hand (Table 7, No. 9, 10). Downwards hand pressure and compensatory
posture were also influenced by perceived excessive height of the
Controller (Table 7, No. 12). For most drivers, the downward force
requirement caused wrist fatigue, and at worst it was considered injury
causing. One driver reported their arm weight produced sufficient force
to avoid this. Inconsistent deadman activation force requirement tol-
erances were also perceived between LRVs, including extent of Master
Controller depression before deadman activation (Table 7, No. 11).
Drivers felt adequate organisational support was received for injury
management (e.g., driver representatives), however, external health
and injury management process negatively impacted driver satisfaction

Table 7
Illustrative quotes for subthemes at the Environment level of the PEOP model.

No. Illustrative quotes ID

1: I’m very, very switched on out there [but] I’ve had a few close calls where I’ve stopped a metre before the person and they’ve just jumped out of the way in time. D04I
2: Turn [it] on, you’ll hear the ‘dong dong,’ and then you’ll hear a high-pitched squeal and I’ve got to turn it off. I can’t handle it. [Like] how dogs react to that

whistle…
D07I

3: [With] drivers it’s just [that] I get, not a ‘kick’, but some adrenalin rush when something happens. When it first started happening I’d get pains and my heart would
be racing. But now, it happens [and] for a second I take a big deep breath, and I control it and… it’s gone like that…. [With] people, it’s just every day. Every driver
has something stressful happen.

D05U

4: Almost every day something happens [where] if you haven’t been alert, you take the risk of having somebody hurt, or even pulling emergency brake when you
didn’t need to pull emergency brake, and risking people behind you.

D02U

5: I used to have [the seat] further back, and I found I’m always reaching forward, and I thought, ‘that’s going to wear my back out,’ [adjust] it forward because we
have to touch the buttons there

D03I

6: If I have to sit like that [it] will hurt my shoulder. I want to put my arm down so I’ll sit upright, and then that’s all I can really do. And some drivers will drive with
[the seat] down, and different—forward and [reclined]… But I don’t drive like that…

D09I

7: You may find the seat anywhere, depending on the build of the person that’s come before you… and then you feel your door close. So, when [I] first hop in… what I
usually do is quickly get it to—to at least operate the vehicle…. You’ve found yourself into a position that is better than the worst case: which is just inoperable.

D05U

8: I try and keep my knees at right—I find that, well unfortunately, I’m not sure if people have said that the [radio pedal] is in the wrong place? […] So, I’m angled. D12U
9: It’s not quite [resting], I’m actually slightly leaning…. I can’t quite get the armrest in the right position. So, I slightly [lean] like this, whereas for my posture, I

should sit properly with my shoulders back, [but] look at that? My arm’s not on the armrest.
D03I

10: I’ve got this stick thing that I’m pushing forward and pulling back all day and I have this pressure that I have to push down, which is not good. You just think the
human body is not supposed to do that. And then I have arm supports that don’t support my arms?

D04I

11: Some of them are much softer and some of them are really stiff. [In] some of them I’ll be coasting along and it will shoot my arm back up, because I have very little
arms, so I actually have to apply pressure to keep it down

D09I

12: …look at my wrist? Even now I’ve gone as low as I can and my wrist is still like this …. Yeah, so the stem’s too high to me D02U

Note: ID denotes driver number and injured (I) versus uninjured (U).
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and treatment adherence.

3.5.3. Occupation-level
Occupational-level factors included end goals of LRV driving tasks,

and meeting role requirements, particularly shift structure
(Christiansen and Baum, 2005). All drivers felt shift work factors were
associated with LRV driving task participation, notably, rostering ef-
fects, time pressure, and changing role structure constrained goal
achievement. Role structure was influential for injured drivers, given
roster and shift modifications in response to injury.

Shift constraints included number of laps and shifts that drivers
could perform before experiencing pain, requiring management in re-
lation to drivers’ sense of purpose and other drivers’ shifts (Table 8, No.
1, 2). Managing this in relation to pre-existing constraints (e.g., fatigue)
was a complicating injury-risk factor for all drivers (Table 8, No. 3, 4).
For injured drivers, inconsistent shift patterns reduced ability to adhere
to their role or shift modifications, this also being affected by changing
injury pain.

3.5.4. Performance-level
As performance-level factors were the ‘doing’ of LRV driving, con-

straints in this part of the model limit effective occupational partici-
pation, leading to role dysfunction.

3.5.4.1. Constrained posture. Both injured and uninjured drivers
reported postural constraint while driving. Cumulative effects of
postural constraints contribute to a range of musculoskeletal injuries
(Nordander et al., 2009). Drivers tended to lean forward at the lower
back throughout a shift, creating perceptions of low lumbar support
(Table 9, No. 3). Consequently, drivers reclined the seat to increase
postural support, which then created discomfort through rearward back
extension. Low perceived lumbar support meant that avoiding this also
caused discomfort (Table 9, No. 1).

Additionally, using console controls required crossing over the body

midline, increasing postural discomfort (Table 9, No. 4). Some drivers
described occupational injury of their shoulders related to posture,
where adjustment of the driver seat relative to the armrest dropped one
shoulder below the position of the other (Table 9, No. 2). Positioning
the Seat far back was also associated with excessive strain on the
shoulder.

Forearms and wrists were common discomfort and injury sites,
which drivers attributed to sustained Master Controller pressure.
Drivers’ arms were often angled upwards from the elbow to apply
downward pressure to the deadman switch, with few opportunities to
cease pressure application. Suboptimal driver arm and wrist posture
was associated with significant discomfort and various compensatory
armrest settings.

3.5.4.2. Compensatory behaviours. Drivers engaged in compensatory
behaviours to minimise discomfort, which affected performance. To
alleviate back pressure, drivers shifted driver seat position multiple
times per shift (Table 9, No. 5). Drivers also used organisation-provided
lumbar supports and stretched before and during shifts to alleviate back
stiffness and pressure. Drivers often positioned one foot on the console
edge to avoid off-centre posture from radio pedal position. Stretching
was also used to alleviate leg muscle stiffness. In one case, levelling seat
position reduced leg and feet numbness, indicating pressure on nerves
and blood supply.

Drivers compensated for deadman pressure requirements by varying
forearm and wrist position for Controller grip, which increased in fre-
quency over their shifts (e.g., alternating open/closed hand) (Table 9,
No. 8). For injured drivers, arm placement and Master Controller grip
was reportedly more pronounced (Table 9, No. 6, 7). Postural alterna-
tions reduced the duration of pressure in any one arm and wrist posture.
In one uninjured driver’s case, alternation did not incorporate an ‘en-
closed’ grip, as using only open-handed positions was an injury pre-
vention strategy.

Table 8
Illustrative quotes for the subtheme at the Occupation level of the PEOP model.

No. Illustrative quotes ID

1: I’m doing light duties, probably about 50–60% of driving. Anything sort of more than that, anything more than four laps… it’s just too much pressure, and it starts
hurting. And if I do that 2–3 days in a row, forget it.

D04I

2: I’d love to do more than two laps but unfortunately, you know, I can’t. I’d rather be out here doing this than sitting in that bloody office, that’s for sure! D07I
3: The early mornings you may only get 4, 5, 6 h sleep, and after about 2 weeks it starts to feel a bit draining. D05U
4: I do shifts all over the place… sort of, [some weeks] I’m on mornings and next week I’m on overnights, you know, so the overnights get hard. D11U

Note: ID denotes driver number and injured (I) versus uninjured (U).

Table 9
Illustrative quotes for subthemes at the Performance level of the PEOP model.

No. Illustrative quotes ID

1: …my arms aren’t long enough to reach the armrests […] I’ve got the seat all the way back—so I’m quite reclined …. And I think having me on that big recline has
[injured me] in the back there

D08I

2: No matter what I do, if I sit with my shoulders back and even if [I] bring the [armrest] up, that only makes it worse. It’s got to be [set] back to help get the arm
[reach] down… and then I just lean to the side

D03I

3: I think you slump [forward]. You find yourself slumping, see, you slump. Whereas if you had something [here]—that’s why [some use] lumbar support too, because
it’s so low

D05U

4: It’s such a problem, having the drink holder over there, and you’ve got to twist over to, like, if you get an alarm, you’ll see these are the buttons you use. That’s what
you’ve got to acknowledge. And if you want to adjust the screen volume it’s all over here. If you want to log-in—everything’s like twisting

D11U

5: It just gets a bit uncomfortable, like sometimes every trip just move it a little bit to a slightly different position, like that (demonstrating), and then I’ll go, oh, that
feels a bit better, and [when] my back sort of [feels] a bit ‘not right’ I move it again

D03I

6: I don’t hold the master controller with my fingers around the front of my hand. I rest it in the centre of my palm back towards my wrist. I think the idea of resting it
instead of having to hold it down is less pressure on my [wrist].

D08I

7: [Other drivers] adjust [their grip] to try and rest their elbows. I can’t do it because I sort of sit up too far, it doesn’t reach. But people like adjusting it at these weird
angles

D11U

8: I never hold [a] fixed position, you know, and I think that makes it easier for me. I have no issues (injury) but I know that’s because I move around so much. I’m not
prepared to drive gripping it to find out if it’s going to hurt. So, that works for me.

D12U

Note: ID denotes driver number and injured (I) versus uninjured (U).
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4. Study 2

4.1. Participants and recruitment

Participants in the psychosocial survey component were recruited
through an online survey link (Qualtrics, Provo, UT) distributed via
email by an organisational representative. A total of 48 drivers vo-
luntarily consented to participate, with 43 completing the survey. One
participant completed 74% of the survey and was included in the data
analysis. Of the 44 participants, 33 (75%) identified as male and 11
(25%) as female.

4.2. Instruments and procedure

The 156-item questionnaire collected demographic and injury
characteristics, and multiple psychosocial characteristics were mea-
sured as follows (in order):4

• Depression and anxiety: Depression Anxiety Stress Scale 21 (DASS-
21; Headspace 2018)
• Well-being: General Well-Being Schedule (GWS-18; McDowell,
2006)
• Bodily awareness: Revised Body Awareness Rating Questionnaire
(BARQ-R; Dragesund et al., 2018)
• Workplace functioning: Workplace Activity Limitations Survey
(WALS; Gignac, 2005)
• Psychosocial functioning: Workplace Psychosocial Factors (WPF; Lu
et al., 2014)
• Needs satisfaction: Work-related Basic Need Satisfaction Scale (W-
BNS; Van den Broeck et al., 2010)
• Task load: NASA Task Load Index (NASA-TLX; Rubio et al., 2004)
• Self-efficacy: General Self Efficacy Scale (GSE; Schwarzer and
Jerusalem, 1995)
• Interpersonal support: Interpersonal Support Evaluation List (ISEL-
Short; Cohen and Hoberman, 1983)
• Organisational support: Survey of Perceived Organisational Support
(SPOS; Eisenberger et al., 1986)
• Social desirability bias: Marlowe-Crowne Social Desirability (MCSD-
X1; Strahan and Gerbasi, 1972). Social desirability bias: Marlowe-
Crowne Social Desirability (MCSD-X1; Strahan and Gerbasi, 1972).

Following piloting by six LRV industry representatives, the survey
was opened over a three-week period, and took approximately 45 min
to complete.

4.3. Data analysis

Point-biserial correlations were used to assess associations between
the main constructs and the presence of injury, with injury status di-
chotomously recoded. Correlations informed which constructs to in-
clude in a binary logistic regression. Interaction terms were added to
subsequent regression analysis to determine presence of moderation
effects. All analyses were performed in SPSS (ver. 24).

4.4. Results

The majority of respondents reported that they did not have an
ongoing injury that affected their current job (84.1%), while 15.9%
reported an ongoing injury (Table 10). All diagnosed injuries were on
the left side of the body, with most occurring in the left lower arm,
including the wrist (9.1%) and the left hand or fingers (6.8%). This is

likely a reflection of the positioning of the Master Controller which is
situated on the drivers left side. Respondents also reported having
work-related injuries that the workplace was not aware of, with the
majority of these occurring in the left shoulder (6.8%).

As shown in Table 11, drivers were middle aged (M = 46.16,
SD = 11.49 years, range = 23 to 70), with most born in Australia
(84.1%), and reaching a Certificate level (TAFE) of education (64.1%).
Drivers were mostly married or in a domestic partnership (72.7%),

Table 10
Driver injury characteristics.

Injury variable n %

Do you have an ongoing injury that affects your current job?
No 37 84.1
Yes 7 15.9

Diagnosed, work-related injury? (that workplace is aware of)
Left shoulder 2 4.5
Left upper arm/elbow 1 2.3
Left lower arm/wrist 4 9.1
Left hand/fingers 3 6.8
Back (left side) 1 2.3
Left lower leg 1 2.3
Left ankle/foot 1 2.3

Diagnosed, work-related injury? (that workplace is not aware of)
Neck (left side) 2 4.5
Left shoulder 3 6.8
Left upper arm/elbow 2 4.5
Left lower arm/wrist 1 2.3
Left hand/fingers 1 2.3
Back (left side) 1 2.3
Right knee 1 2.3

Injury occurred outside work (that workplace is not aware of and
affects work)

0 0

Table 11
Driver demographic characteristics.

Variable M (SD) n %

Gender
Male 33 75.0
Female 11 25.0

Age 46.2 (11.5) 44
Country of Birth
Australia 37 84.1
New Zealand 4 9.1
United Kingdom 3 6.8

Education
Secondary 15 34.1
TAFE (e.g. certificate, diploma) 27 61.4
Undergraduate 1 2.3
Postgraduate 1 2.3

Relationship Status
Single, never married 5 11.4
Married or domestic partnership 32 72.7
Divorced/separated 5 11.4
Other 2 4.5

Employment status
Part-time 15 34.1
Full-time 29 65.9

Years of LRV driving experience
< 1 years 14 31.8
1 5 11.4
2 3 6.8
3 5 11.4
4 17 38.6

Number of adults in household
0 8 18.2
1 25 56.8
2+ 11 25.1

Number of children in household?
0 23 52.3
> 1 21 47.8

Note. Injury Status (0 = Uninjured, 1 = Injured).

4 The details for the administration, scoring instructions, and psychometric
properties for each of these scales are available from their corresponding re-
ferences.
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fulltime employees (65.9%), and had been driving for four years
(38.6%). A third of the participants had been driving for less than
1 year (31.8%).

Fig. 6 shows the means, standard deviations and scale range of the
survey measures. Mean scores on all variables were comparable to those
found in previous validation studies and studies of non-clinical parti-
cipants (Dragesund et al., 2018; Eisenberger et al., 1986; Gignac, 2005;
Henry and Crawford, 2005; Hu et al., 2018; Loo and Loewen, 2004;
Merz et al., 2014; Strahan and Gerbasi, 1972; Van den Broeck et al.,
2010). Bivariate intercorrelations of psychosocial variables suggested
candidate predictors to explore for potential causal links to muscu-
loskeletal occupational injury risk.

Significant negative associations were identified between general
well-being (GWS) and body awareness (BARQ-R) (r = −0.539,
p = 0.001), workplace activity limitations (WALS) (r = −0.399,
p = 0.007), emotional demands in the workplace (WPF) (r = −0.353,
p = 0.019) and task load (NASA-TLX) (r = −0.314, p = 0.040).
General well-being was also significantly positively associated with
work-life balance (WPF) (r = 0.535, p = 0.001). These data indicate
that as drivers are less aware of their body; are less limited in the
workplace; when emotional demands and task load are lower; and
when they have a better work-life balance, their general well-being is
more positive. Taking this analysis one step further, the dataset was
split into injured and uninjured drivers and indicated a significant ne-
gative association between body awareness and anxiety (r = −0.831,
p = 0.021) as well as a significant positive association between general
well-being and work-related autonomy in injured drivers only
(r = 0.756, p = 0.049). The correlations pattern is reflective of per-
sonal and occupational factors in PEOP theory, supporting their inclu-
sion in predictive models.

Consistent with the PEOP model, injury status was significantly
positively correlated with workplace limitations (WALS) (r = 0.430,
p = 0.004) indicating an association between the presence of injury
and increased behavioural coping strategies used to manage activity
limitations in the workplace. There was a significant positive

association between injury status and scores on the MCSD-X1
(r = 0.333, p = 0.029), indicating that injury was related to responses
that were more socially desirable.

Injury status was also significantly negatively correlated with per-
ceived interpersonal support (r = −0.319, p = 0.037), specifically the
sub-score of perceived belonging support (r = −0.314, p = 0.041).
This indicated that higher perceived belonging support was associated
with lower chance of an injury being present. To understand this re-
lationship in more detail, binary logistic regression was used to predict
the extent to which perceived interpersonal support influenced the
probability of an injury being present. There were no problems with
meeting the assumptions for logistic regression, however statistical
power is a limitation due to the small sample size (Peduzzi et al., 1996).
As shown in Table 12, as the perception of interpersonal support in-
creased, so too did the likelihood that the driver was not injured
(X2(1) = 4.62, p < 0.05), explaining 17% of the variance in injury
status.

Interaction terms were introduced via the enter method to examine
interaction effects. The effect of work intensity on injury status was
dependent on the perceived availability of interpersonal support
(X2(3) = 18.91, p < 0.001). This interaction significantly predicted
the presence of injury, with the model explaining 60% of the variability
in injury status and is shown in Table 13.

To further examine the relationship in the interaction, simple slopes
were plotted utilising Process macro for SPSS (Hayes, 2012) through

Survey Measures M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

1. Injury Status —

2. DASS-21 (Stress) 4.50 4.09 -.13 —

3. DASS-21 (Anxiety) 1.50 2.12 -.22 .48** —

4. DASS-21 (Depression) 2.66 3.70 -.18 .36* .41** —

5. GWS-18 82.79 10.78 -.28 .32* .34* .63** —

6. BARQ-R 23.70 4.93 .12 -.31* -.28 -.32* -.54** —

7. WALS 7.34 1.84 .43** -.31* -.09 -.25 -.40** .25 —

8. WPF (Work-life Balance) 3.34 0.96 -.16 .11 .03 .11 .54 -.45** -.24 —

9. WPF (Job Satisfaction) 3.95 1.03 -.29 .10 -.01 .05 .29 -.04 -.20 .34* —

10. WPF (Cognitive Demands) 2.72 1.04 -.19 .03 -.13 -.06 .02 -.26 -.05 .23 -.03 —

11. WPF (Emotional Demands) 2.48 0.85 -.10 -.17 -.21 -.46** -.35* .12 .10 -.18 -.16 .15 —

12. WPF (Social Support) 4.11 0.78 -.18 .31* .00 .07 .36* -.19 -.19 .49** .39** .42** -.08 —

13. WPF (Work Intensity) 3.48 0.87 .23 -.21 .00 -.15 -.02 -.02 .31* .08 .12 .12 .00 .14 —

14. WPF (Job Autonomy) 1.76 0.86 -.11 .18 .12 .18 .07 -.20 -.24 .28 .18 .29 -.05 .28 -.08 —

15. W-BNS Total 3.46 0.59 -.09 .03 .02 .13 .20 .01 -.04 .29 .46** .12 -.30* .39** .11 -.13 —

16. W-BNS (Autonomy) 4.36 0.58 -.18 .18 .13 .16 .23 -.26 -.16 .40** .36* .22 -.35* .36* -.11 .03 .78** —

17. W-BNS (Competence) 3.81 0.77 .00 -.16 .14 .10 .20 .06 .03 .06 .12 -.26 -.24 .16 .13 -.05 .44** .23 —

18. W-BNS (Relatedness) 3.81 0.47 .00 .00 -.13 .04 .05 .18 .03 .14 .41** .15 -.10 .28 .19 -.22 .81** .39** .03 —

19. NASA-TLX 51.83 17.32 .14 -.35* -.30 -.37* -.31* -.01 .34* -.13 -.10 .20 .32* -.05 .42** -.01 -.11 -.19 -.07 .00 —

20. GSE 31.77 3.22 .11 -.01 -.22 .19 .20 -.31** .01 .04 .00 -.13 -.28 .02 .11 -.04 .39* .23 .40** .25 -.07 —

21. ISEL-Short Total 26.49 6.08 -.32* .00 -.17 .23 .07 -.13 -.23 .07 .14 -.05 -.20 .08 -.22 -.08 .30 .35** .05 .19 .08 .15 —

22. ISEL (Belonging) 8.40 2.39 -.31* -.08 -.13 .24 .06 -.19 -.13 .00 .15 -.01 -.13 -.01 -.12 -.11 .24 .31* .10 .10 .07 .15 .90** —

23. ISEL (Appraisal) 7.77 1.56 -.26 .12 -.10 .07 .03 -.11 -.26 .00 -.08 .06 -.20 .17 -.13 .08 .03 .08 .12 -.07 .15 .10 .62** .49** —

24. ISEL (Tangible) 8.86 2.25 -.26 .10 -.16 .20 .09 -.11 .21 .07 .14 -.06 -.20 .10 -.30 -.12 .27 .35* -.04 .19 .02 .15 .91** .79** .42** —

25. SPOS 4.87 1.11 -.25 .10 -.13 -.08 .23 -.16 -.07 .52* .48** .39** .06 .61** -.05 .17 .48 .51** -.01 .40** .16 -.03 .32* .22 .15 .32* —

26. MCSD-X1 2.60 1.68 .33* -.08 -.30* -.01 -.23 .23 .09 .05 .00 .22 -.09 .13 -.18 .32* .18 -.05 -.08 .38* -.04 .12 -.07 -.18 -.08 .00 .11 —

Fig. 6. Heat map of correlations between survey measures. Note. Injury Status (0 = Uninjured, 1 = Injured); ** Correlation is significant at the 0.01 level (2-tailed), *
Correlation is significant at the 0.05 level (2-tailed).

Table 12
Univariate binary logistic regression including ISEL predictor and injury status
as the outcome.

B (SE) OR p 95% CI

Constant 2.36 (1.98)
ISEL −0.16 (0.84) 0.85 0.05 (0.72, 1.00)

Note. CI = Confidence interval; OR = Odds ratio; 0 = not injured, 1 = injured;
Nagelkerke R2 = 0.17; −2 log likelihood = 35.59; N = 43.
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the procedure outlined by (Crowson, 2018). As shown in Fig. 7, at low
and medium levels of perceived work intensity, the probability of injury
increases with low levels of perceived interpersonal support. The
probability of injury is at its highest when perceived work intensity is
high, and perceived interpersonal support is low.

5. Discussion

The overall aim of this research was to apply the PEOP model to
understand MSDs in LRV driving so as to identify and map injury-linked
factors and ascertain how the model enabled an understanding of these
types of injuries. Two connected studies were undertaken, through the
course of which, different aspects of the behaviours and factors between
MSDs in LRV drivers were also determined and identified. The next
section considers some key findings in relation to the four specific re-
search questions. This is followed by a discussion of the effectiveness of
the PEOP model as per the overall aim, and also includes consideration
of the utility of a mixed methods research design in this field.

5.1. MSD-related injuries in LRV drivers

Throughout the observations, clear behavioural patterns emerged
among drivers with the potential to develop or exacerbate injury as well
as behaviours that could be protective, and play a role preventing MSD-
related injury (RQ1). Upper-body stretching, which consisted of
stretching of the neck, head, shoulders and upper-back, was found to be
prevalent amongst uninjured drivers. A misunderstanding concerning

the time lapse for activation of the vigilance system was discovered
along with its unnecessarily high activation among injured drivers. The
way the Master Controller was held and used also appeared to predis-
pose injury for some drivers; however, the amount of time a driver
spent using forward and backward pressure of the Master Controller in
conjunction with downward force (in order to keep the deadman
system engaged) was not associated with a difference in the prevalence
on injury, suggesting that the Master Controller alone was not re-
sponsible for injuries, appealing to a systems view.

Based on survey results, overall body awareness had an important
association with key measures of psychological well-being. Higher le-
vels of both stress and depression were associated with a greater
awareness of the body, though an association between body awareness
and higher levels of anxiety was only found among injured drivers.
Thus, greater awareness of the body could have different impacts on the
injured and uninjured in response to stress, anxiety or depression. An
uninjured driver may for instance become hyper-aware of their bodily
position in the cabin in response to external stressors, leading these
drivers to adopt a more relaxed posture and reduce muscle tension.
However, in injured drivers, this effect may be opposite and encourage
a response to external stressors and internal anxiety with increased
body awareness (drawing more attention to pre-existing injury). High
levels of commitment to the organisation reflected the extent to which
the employee perceived their organisation as a supportive one, however
an association between lower general well-being and sense of autonomy
(i.e. freedom) in the workplace was only found among injured drivers,
reflecting feelings of little control when it came to changing their si-
tuation.

A number of factors were found to predict the presence of MSD-
related injuries (RQ3). Although no one specific body-type was found to
be protective against injury, work-intensity (i.e. speed of work required
and tightness of deadlines) predicted the likelihood of injury but only
under certain circumstances. Interpersonal support was measured with
statements that reflected the availability of different types of social
support that the driver had access to away from the workplace, for
example, how strongly they agreed that “if they were sick, they could
easily find someone to help them with their daily chores” and “If they
wanted to have lunch with someone, they could easily find someone to
join them.” Interpersonal support played the most important role in

Table 13
Multivariate binary logistic regression including ISEL, WPF (work-intensity)
and the interaction between ISEL and WPF (work-intensity) as predictors, and
injury status as the outcome.

b (SE) OR p 95% CI

Constant 48.40 (22.56)
ISEL −2.71 (1.22) 0.067 0.026 0.006, 0.727
Work intensity −5.379 (2.55) 0.005 0.035 0.000, 0.684
ISEL × Work Intensity 0.299 (0.14) 1.349 0.030 1.030, 1.767

Note. CI = Confidence interval; OR= Odds ratio; 0 = not injured, 1 = injured;
Nagelkerke R2 = 0.60; −2 log likelihood = 19.30; N = 43.

Fig. 7. Moderating effect at levels of WPF (work-intensity) on the relationship between ISEL and the probability of driver injury.
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predicting the presence of injury; in short, the stronger the support
network surrounding the driver, the less likely that work-intensity im-
pacted a driver experiencing an injury.

The interviews and focus groups revealed numerous subthemes and
findings. Intergroup tension, for example, was revealed between injured
and uninjured drivers and it was apparent that the driver population
contained staff with unreported injuries. Both injured and uninjured
drivers reported that having a sense of relatedness with people at work
(e.g. feeling part of the group, connecting with people at work) was
associated with their overall job satisfaction. Some driver experiences
with the organisation’s contracted physician were reportedly negative.
Despite acknowledging the necessity of occupational health assess-
ments, drivers opted to prolong (or entirely avoid) engagement with
this process, largely as a result of perceived non-transparency, in-
sensitivity, and lack of care on their issue. Psychologically, engagement
with the company physician may therefore be seen as potentially
threatening, priming feelings of distress and/or avoidance; this is sup-
ported by findings from heavy rail (Naweed et al., 2018). Drivers also
indicated that they did not have ample time to adjust their seat posi-
tion/cabin environment at the start of each shift. Using this time to
adjust seating posture and arm position prevented drivers from par-
taking in stretching behaviours. Time pressures appeared to outweigh
driver set-up, which had an acute negative physical effect as well as
sending a psychological message that the work culture valued sche-
duling/performance over the driver’s safety. Collectively, then, nu-
merous intrinsic and extrinsic factors were identified that were linked
to a driver having MSDs (RQ2).

5.2. PEOP as an occupation-based systems framework for application

Driver injury results from the complex interaction between a dri-
ver’s intrinsic and extrinsic environments and the nature of the occu-
pation undertaken. The overall findings guided by the PEOP approach
both demonstrated—and enabled determination of—the complexity
around the system factors contributing to driver injury in the context of
LRV driving (overall RQ). In the course of applying the PEOP approach
to rail, the results demonstrated that MSD impacts are not only local
and physical, such as in equipment and interface design, but psycho-
social and distal, such as in behaviours engendered by knowledge and
levels of interpersonal support, and thus correspond very much with
STS.

Fig. 8integrates and maps the findings of this paper within the PEOP
model proposed by Christiansen and Baum (2005) and reconceptualises
it as a succinct PEOP framework applied to rail to guide rail industry
practitioners and potentially resonate easier with them on matters of
driver injury prevention. An additional factor (i.e. ‘Knowledge’) and
refinement to an existing factor (from ‘Cognitive’ to Cognitive and de-
cision making) was made to the general PEOP model at the person
level, with many factors specific to LRV drivers identified at all levels.
Table 14 shows how the triangulated findings from each of the studies
contributed to the structure. Insights into the subjective experiences of
drivers elicited through the focus group and interviews necessarily
provided highly rich data and engendered the most specification.

Use of mixed methods engendered a more holistic understanding of
injury predisposing factors influencing LRV drivers, and importantly,
why some drivers experienced such injuries while others did not. The
triangulated research approach accessed a range of factors with rich
data to assist meeting research aims, and in many cases, provided cross-
validation of findings. The in-cab observations enabled collection of
‘real world’ evidence of the key themes and subthemes brought forth in
the focus group and interview phase. For instance, it provided evidence
of the ‘time’ spent engaged in various driving activities and body po-
sitions. Likewise, the psychosocial survey aided an understanding of the
personal factors of the PEOP model on occupational performance and
participation. For instance, responses enabled greater insight into the
oft-overlooked relationship between the risk of injury amongst LRV

drivers and the psychological and social differences between in-
dividuals.

5.3. Strategies and implications for policy, education and practice

While the aim of this work was to ascertain how the PEOP model
enabled an understanding of MSDs in LRV driving, an important con-
sideration was also to identify what strategies and implications for
policy, education and practice could be drawn and explored further
(RQ4). Thus, the theoretical work could be used to underpin pro-
spective organisational changes in practice, but also contribute to
longer-term system improvements as a whole. While some of the issues
invariably cross-cut different categories (as expected from an STS ap-
proach), the main strategies and implications have been distilled into
four key areas: (1) the Master Controller (comprising both vigilance
system and safety control); (2) driver-cab environment; (3) shift start
and scheduling factors; and (4) psychosocial factors and stressors.

5.3.1. Master Controller
While the Master Controller was a contributory factor to injury, the

study concluded that it was not the sole cause. Uncertainty around the
vigilance alert and habituated pre-emptive actions (i.e. to the interrupt
the cycle) explained why the system was pressed so early and so often
by some. A second explanation was to avoid the sound of the alert itself
and/or perceived punitive consequences of the activation. As the way in
which the Master Controller was engaged with appeared to predispose
injury, drivers may benefit from a range of education-based initiatives
to improve Master Controller use. Similarly, gaining education and
support on the consequences of the vigilance activation may address
patterns of activations that stem from avoidance behaviours. However,
for lasting and sustainable change, fundamentally review of Master
Controller-linked vigilance design from an STS perspective may behove
rail and rolling stock manufacturers.

5.3.2. Driver-cab environment
Requirement for additional lumbar support and improved seat ad-

justability in seat design were identified. This included the arm rests in
terms of height and adjustment. The design of the foot rest area, spe-
cifically the position of the radio pedal (for contacting the control
centre), was also a key factor that promoted a range of compensatory
postures; however, this may also introduce other potential behaviours
and risks from an STS perspective, such as a “cry-wolf” effect from
excessive false alerts (Wickens et al., 2009). Adjusting the location of
the pedal would address these risks, and better understanding of this
from an STS design perspective would also benefit rail and rolling stock
manufacturers.

5.3.3. Shift start and scheduling factors
The effectiveness of stretching as a means to alleviate strain

throughout the body featured among both driver injured and non-in-
jured populations. In regards to this, the time to adjust seat position or
cabin environment at shift start was very constrained and impacted
both seat/posture calibration and partaking of protective/stretching
behaviours. Time pressures eclipsed these concerns; beyond the acute
negative physical impacts, this potentially sent mixed messages over
work priorities. As the shift-start/settling-into-driving phase is a critical
point with implications for attracting opportunities for error, reviewing
policy to introduce time for cabin adjustments would improve systems.
In practice, this may involve developing strategies that build DSP
changeover time allowances into the schedule, and formally re-
cognising this requirement as a STS feature when considering delay/
time-keeping.

5.3.4. Psychosocial factors and stressors
As a significant positive association was found between overall body

awareness, stress, work intensity and task load, drivers may benefit
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from on-going stress management, exercise and/or stretching routines.
This may alleviate tension manifesting in their bodies, and have a po-
sitive effect on overall performance, including minimisation of ‘new’
injuries. As intergroup tensions were evident between injured vs. non-
injured driver populations, introducing social opportunities for drivers
and strategies for them to maintain ‘connectedness’ with one another as
well as the organisation may be beneficial. These include activities that
promote group connections such as meeting, mixing with, talking to,
and being involved in social activities with people at work, which have
been shown to improve health (Martino et al., 2015). This may also be
achieved with the addition of well-designed driver mentoring programs
which enhance learning (Naweed and Ambrosetti, 2015). All such ac-
tivities may also foster interpersonal support for existing staff, which
was found to play an important role in predicting injury presence,
though strategies for understanding existing levels of interpersonal
support for new recruits would require careful consideration. In many

regards, addressing psychosocial factors and stressors ultimately re-
quires growth and maturity in culture. One way of achieving this is to
benchmark the current performance and maturity level using a tool
such as the Risk Management Maturity Model (Office of Rail and Road,
2019), which could then be used to develop strategies for change that
target culture, health, safety and assessment management, and risk
control.

5.4. Strengths, limitations, and future research directions

As nearly all of the person, environment and occupation factors in
light rail overlap with heavy rail, the PEOP model as applied to rail has
broad application to all forms of rail driving. The seats, vigilance and
deadman systems are typically imported to light rail from heavy rail
systems (Naweed and Moody, 2015) and many of the organisational,
job design and individual requirements are the same (Naweed et al.,
2017). However, nuances associated with some of the extrinsic factors
peculiar to light rail (e.g. built environment and technology, natural
environment) may need to be identified for other rail systems.

The work was undertaken in one organisation only, but consistent
with PEOP theory, the model recognises the influence of local and so-
cial norms (e.g. attitudes, organisational support) as dimensions that
are likely to differ across different settings. The specific factors identi-
fied in this study provide a guiding framework for use, and a series of
implications and strategies for future practice have been put forward,
however it would be useful to broaden the analyses as other specific
factors may emerge by virtue of its application.

The vigilance system emerged as a contributor to injury risk, with
associations drawn between vigilance cycles and propensity for injury;
LRV drivers had a tendency to pre-empt vigilance activation by inter-
rupting the cycle. As a “legacy” device which has been attributed to
such MSDs, findings suggest that more research needs to be undertaken
in this particular area to determine alternative paradigms with less
contribution to injury risk in rail. The main thrust of this paper was the
application of PEOP to the light rail system—not identification of spe-
cific injury prevention actions or risk mitigation strategies for MSD in
LRV drivers. Although some did arise incidentally from research ques-
tions, specific focus on injury prevention in such MSD injuries in rail
requires further analysis and may be guided by the PEOP model para-
meters mapped in this paper.

Lastly, the approach taken in this paper extends previous work done
in this unresearched area for rail. Building on recent case studies (e.g.,
Nathanael and Marmaras, 2018), the key strength of this research is not
only that it provides a theoretical point of difference over activity/be-
haviours approaches (i.e. via application of the PEOP model), but offers
useful and practically applicable systems lens on the issue. Job design is
an important function of the roles of designers and managers. Linking
problem behaviours to driver-stated motivations for performing them is
an action point for both designers and managers, and ultimately en-
hances our understanding of the reasons for the behaviours, rather than
trying to ‘design away’ a symptom of a greater issue.

6. Conclusions

To better understand the role of risk contributing systems factors in
the Person-Environment-Occupation-Performance (PEOP) domains,
this research drew upon findings from a situational analysis of risk
predisposing factors that may be producing musculoskeletal injuries in
the course of interviewing, observing and surveying LRV drivers. A
PEOP model was applied using these mixed methods to an Australian
light rail system—one of the fastest growing modes of urban transi-
t—and supporting the view that musculoskeletal disorders are a sys-
tems phenomenon with complex interactions in the physical, psycho-
logical and psychosocial dimensions. This paper presents the first use of
the PEOP model to understand MSD-related injuries in the rail industry
and provides a template for future use of this model to assist in the

Table 14
Identified PEOP factors based on data collection methods used in the research.

General factor Specific factor A B C

Physiological Stress associated with driver focus ✓
General stress & anxiety ✓
Body awareness ✓

Cognitive & decision making Proactivity & control ✓ ✓
Management of health/injury
prevention

✓

Avoidance of uncertainty ✓
Sense of detachment ✓

Neurobehavioural Automatic behaviours ✓
Repetitive vigilance activation ✓

Knowledge Vigilance timing ✓
Self-management of health/injury
prevention

✓

Role of authorised health
professional

✓

Psychological Views of own injury susceptibility ✓
View of others’ injury
susceptibility

✓

Depression ✓
Perceived safety culture ✓
Perceived interpersonal support ✓
Work/life balance ✓

Spiritual Meaning for the person ✓
Compensatory behaviour(s) Back/Legs & feet/Shoulders/Arms

& wrists
✓ ✓

Upper body stretching ✓
Vigilance activation (legacy) ✓

Constrained posture Back/Legs & feet/Shoulders/Arms
& wrists

✓ ✓

Tension ✓
Natural environment Unpredictability of external

environment
✓ ✓

Sensory saturation ✓
Sensitivity to noises ✓

Built environment & technology Console ✓ ✓
Driver seat ✓ ✓
Footrest area ✓ ✓
Arm rest position ✓ ✓
Master Controller ✓ ✓
Traffic ✓
Crossings ✓
Pedestrians ✓

Culture & values Organisational support ✓
Social & economicsystems Organisational support for

continuation
✓ ✓

Social support Interpersonal support ✓
Shift work factors Task load/Work intensity/

Autonomy
✓

Shift constraints (scheduling/time
for stretching)

✓ ✓

Fatigue/Modified shift patterns ✓ ✓

Note: A = gathered from in-cab observations; B = gathered from the focus
group/interviews; C = gathered from the cross-sectional survey.
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understanding of complex injury scenarios within a socio-technical
systems approach.
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