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Abstract Several dimensions of commuting influence perceived stress, such as
impedance (a measure of distance and time which is impacted by the number of
transport nodes), and control over and predictability of commuting. Research into
commuting mode and stress has generated mixed results. The case study in this
chapter used baseline survey data from a 3-year workplace travel plan intervention.
Workplace travel plans aim to promote active and sustainable forms of transport and
reduce driving to work. An on-line cross-sectional survey of staff travel behaviour
was conducted in September 2011 at Liverpool Hospital in Sydney, Australia. A
total of 675 respondents provided data on the items of interest for this analysis (travel
behaviour, self-reported stress, occupation type, demographics). Approximately one
in six respondents (15%) actively commuted to work (walking 4%, cycling 2% or
using public transport 9%). There was a large (15%) difference between active
commuters’ (10.1%) and drivers’ (25%) perceptions that the commute to work
was more stressful than the rest of their day that remained statistically significant
(adjusted odds ratio 0.35, 95% confidence interval 0.17–0.73) after adjusting for
factors including gender, age, physical activity levels and occupational type (clinical
vs non-clinical). These findings support international research which has shown that
active travel to work may be less stressful than car commuting.
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10.1 Elements of the Quality of Life Concept Explored
in This Case Study

This chapter presents a case study of an investigation into the relationship between
stress, and the daily commute to work by car and by active modes of transport (Rissel
et al. 2014b). Stress is an aspect of quality of life, often investigated singularly, and
at other times embedded alongside other indicators of quality of life to measure
affect or aspects of mental wellbeing. This chapter specifically explores stress as it
relates directly to the psychological health component of quality of life (Novaco and
Gonzalez 2009).

Several dimensions of the commuting situation influence perceived stress, such as
impedance (a measure of distance and time which is impacted by the number of
transport nodes), and control over and predictability of commuting. In this case
study, perceptions of stress is compared between commuters who travel to work by
car and by active modes.

10.2 Definition of the Problem

In developing and developed countries the majority of the world’s citizens now live
in urban areas (WHO/UN-HABITAT 2010). Although evidence suggests the steep
rise in private motor vehicle ownership that occurred over the last 60 years in most
developed countries has plateaued, (Newman and Kenworthy 2015) the global trend
is still toward private car ownership growing faster than any other form of transport
(Dargay et al. 2007). In many countries cars are currently the dominant form of
transport for trips to work (Newman and Kenworthy 2015). Commuting to work by
car contributes negligible physical activity (Ding et al. 2014; Petrunoff et al. 2013b).
Public health advocates are concerned about this because physical inactivity has
reached a state of what has been described as global pandemic. Physical inactivity, it
is a major risk factor for chronic diseases including ischemic heart disease, stroke,
diabetes and some cancers, and is the fourth leading risk factor for death worldwide
(Kohl et al. 2012).

As well as reducing opportunities for physical activity, this global increase in car
ownership and urbanisation inevitably creates greater traffic congestion, if more cars
traveling on existing road infrastructure within the built environment. Traffic imped-
ance, personal control over the journey, and predictability of the work commute are
all factors contributing to stress of the commuting trip (Gottholmseder et al. 2009).
Commuting to work by car may be more stressful than other modes of travel because
of the impedance associated with traffic congestion that is largely avoided by active
travel modes (Novaco and Gonzalez 2009). In previous research, car commuters
have report higher stress levels than other transport mode users, (Gatersleben and
Uzzell 2007; Legrain et al. 2015).
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Other research has found that public transport users also report stress, but are
more likely to reported greater boredom (Gatersleben and Uzzell 2007). Part of the
reason for this may be due to distance travelled, with longer distances, greater than
30 min, associated with higher amounts of perceived stress and poorer life satisfac-
tion (Gottholmseder et al. 2009; St-Louis et al. 2014; Wheatley 2014). The findings
are however mixed and other studies have shown commuting times over 60 min to
be less stressful and indeed variable, according to residential location and time
(Hansson et al. 2011; Mattisson et al. 2016). In the case of public transport, social
and entertainment technologies may be helping to counteract potential stress and
boredom (Ettema et al. 2012). Much more needs to be understood about the
relationship between stress and commuting, particularly in regards to the variability
across different transport environments, travel modes and work employment
situations.

10.3 Explanation of Why the Problem Is Important

There is an urgent need to consider how to incorporate physical activity into our
daily lives and one promising way to do this is to promote active commuting to work
(Petrunoff et al. 2016a). Active commuting, allows people to participate in amounts
of physical activity that are important for maintaining health (Petrunoff et al. 2013b;
Sahlqvist et al. 2012; Yang et al. 2012). Walking and cycling are inherently active
forms of commuting. Using public transport to travel to work can also be considered
active commuting when the journey between the worksite or home and the public
transport interchange includes for example a 10-min brisk walk each way (WHO
2010). If active travel options are not available and workers have little choice but to
commute by car, then stress-related health issues and associated healthcare costs can
only increase.

Strong evidence supports that adults who change from inactive transport to more
active forms of transport significantly reduce their cardiovascular disease risk (Celis-
Morales et al. 2017; Gordon-Larsen et al. 2009; Møller et al. 2011; Wennberg et al.
2006; Xu et al. 2013). Good evidence also suggests active travel can lead to
significant reductions in body mass index (weight in kilograms divided by height
in meters squared – a population measure used to classify people’s weight).(Flint and
Cummins 2015; Martin et al. 2015; Mytton et al. 2016; Sato et al. 2007; Sugiyama
et al. 2012, 2013; Wanner et al. 2012; Wen et al. 2006; Xu et al. 2013) While
important as a way of achieving physical activity, interventions to encourage active
commuting, as an alternative to car-based travel might also reduce stress and have
positive effects on overall mental health (Ohta et al. 2007; Rissel et al. 2014a, b) as
well as improve wellbeing more broadly (Crane et al. 2014).

The workplace setting is a valid place to promote active travel since in many
developed countries the majority of adults travel to a workplace, (OECD 2013) and
the trip is generally repetitious. A large proportion of journeys to work which are
made by private motor vehicles are relatively short distances of less than 5 km and
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could be made by walking and cycling modes, or supported by public travel for
longer distances (BTS 2013; Goodman 2013). A shift from driving private motor
vehicles towards active travel to workplace settings could achieve population level
increases in physical activity, lead to associated reductions in chronic disease risk,
and a large decrease in traffic volume.

The workplace setting is also a valid target for active travel interventions as a way
to improve workplace health. Workforce well-being is affected by many factors, such
as job demand and control, support, organisational justice and the effort–reward
balance; as well as personal factors such as health, socioeconomic and other demo-
graphics (Nieuwenhuijsen et al. 2010). The association between perceived stress and
work productivity, absenteeism and presenteeism is well recognised, and attention has
focused on workplace interventions to manage stress and improve employee health
(Bhui et al. 2012; Jacobson et al. 1996; Noblet and LaMontagne 2006). This is
important given mental illness is a significant global disease burden. Stress-related
workers compensation claims are estimated to cost Australia between $10 and 20 bil-
lion in loss of work productivity and participation (Safe, Work, & Australia 2013).

Research into the association between work productivity and stress has tended to
focus only on the stress accumulated within the work environment. The contribution
of the commute to work to workplace stress is often under-recognised or ignored in
studies investigating workplace stress, productivity and absenteeism. To some extent
this is attributable to the perception that how individuals get to work is a personal
choice, and that individual attitudes and perceptions towards transportation affect
transport choices (Friman et al. 2017; Popuri et al. 2011). Yet it must be recognised
that the commuting stress transfer beyond the individual to impact work and home
life (Novaco and Gonzalez 2009). The relationship between stress reported by
workers therefore needs to be considered holistically, and that includes an assess-
ment of how the journey to work might contribute to that stress. This case study aims
to address this gap in the literature and explore the association between perceptions
of work-related stress and the work commute.

10.4 Steps Taken to Address the Problem

The case study in this chapter used baseline survey data from a 3-year workplace
travel plan intervention. Workplace travel plans aim to promote active and sustain-
able forms of transport and reduce driving to work. Workplace travel plans can
achieve between 10% and 20% reductions in driving to work, (Bamberg and Möser
2007; Cairns et al. 2010; De Gruyter et al. 2018; Hosking et al. 2010; Macmillan
et al. 2013; Marsden et al. 2011). Some studies have also demonstrated significant
increases in active travel to work, (Brockman and Fox 2011; Petrunoff et al. under
review) but only one robust experimental study of these effects (Higgins 1996).
Workplace travel plans are a delivery mechanism for actions which often include
policy (e.g. parking management policy, public transport ticket subsidies),
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infrastructure (e.g. provision of end of trip facilities, creation of maps) and behaviour
change programs (e.g. cycling and walking programs) (Enoch 2012).

There is no internationally accepted term for workplace travel plans. The term is
used in Australia, New Zealand, the United Kingdom, Singapore and some other
countries. In North America they are sometimes referred to as travel demand
management plans and in some parts of Europe and Scandinavia site-based mobility
management plans. In some regions they can be required as a condition of planning
consent for new or expanded developments typically occupied by medium-large
organisations (Rye et al. 2011a, b; Wynne 2015). However, even where systematic
government support for their adoption exists, take-up of these promising interven-
tions has been modest, which has led experts to recommend they be marketed to
organisations in terms of their benefit to the organisation (Enoch 2012; Petrunoff
et al. 2017).

The baseline study included the quality of life construct of stress to assess the
relationship between stress and commuting to work by different transport modes
(Rissel et al. 2014a, b). Data on reductions in stress and links to associated gains in
productivity may assist with engaging these organisations to adopt and support the
implementation of travel plans.

10.4.1 Research Design

An on-line cross-sectional survey of staff travel behaviour was conducted in
September 2011 at Liverpool Hospital in Sydney, Australia (Petrunoff et al.
2013a). The survey was part of a larger study that was repeated in three annual
follow-up surveys (Petrunoff et al. 2016b).

10.4.2 Setting and Context

Liverpool Hospital is in an outer metropolitan area of Liverpool, south-west Sydney,
Australia and is a principal referral teaching hospital. Liverpool Hospital was in the
second stage of a major re-development when the travel plan was being developed.
The re-development plans forecast the number of staff and hospital beds increasing
by approximately one-third between 2006 and 2016, to cope with the increasing
health demands of the growing population of the area, identified as one of two
‘growth centres’ by state government planning departments. At the time the study
commenced, the Hospital was well serviced by heavy rail, with two stations within
10-min easy walking distance. Hospital staff also had access to an extensive bus
network. There were significant gaps in the cycling network in the immediate
surrounds of the hospital (see Fig. 10.1). A more detailed of the regional level
cycling network map which clearly shows these gaps is available at a web link in
references (Rissel 2010).
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Fig. 10.1 Liverpool hospital access guide showing local transport context
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10.4.3 Survey Methods

An email was sent to all staff (approximately n ¼ 3200) via existing staff communica-
tion channels. The survey was a self-administered online questionnaire (Qualtrics 2017).
All staff were invited via email to participate in the survey, which was supported by the
hospital General Manager. A flyer promoting the survey was distributed to all staff via
the mail room, posters were placed around the hospital and a prize incentive offered to
encourage participation. The survey ran for 2 weeks, with a reminder sent 7 days after
the survey started. Paper copies of the survey were made available to General Services
staff who did not have regular access to work emails.

Participants were asked: “How did you travel to work this week? (If you used
more than one form of transport, show the method used for the longest (distance) part
of the journey)”. Response options for each day of the week were walked, cycled,
drove a car, car passenger, bus, ferry, train, taxi, truck, motorbike or scooter, worked
at home, other, and I did not go to work. This question was tested with a sub-sample
of staff and was shown to be valid and reliable (Petrunoff et al. 2013b).

Walking, cycling and public transport categories were considered “active travel.”
Public transport users were included here because this typically included an approx-
imate 10-min walk to major bus and train interchanges. Car categories including car
as a driver or passenger, motorbike and scooter were considered “non-active travel-
lers” since for the majority of car drivers their commute was likely to be inactive, and
this was demonstrated using objective accelerometer data with a sub-sample of staff
in the survey validation study (Petrunoff et al. 2013b). Participants were categorised
as “active travellers” overall if they travelled using an active travel mode on half or
more of the working days recorded in their travel diary.

Participants were also asked about the relative stress of their commute: “Com-
pared to other parts of your day, how stressful do you find the journey to and from
work?” with response options being “More stressful”, “Less stressful” or “About the
same”. Demographic information (age, sex, and whether they had mainly a clinical
or administrative role) was also collected, as was the amount of physical activity
over the previous week (using the International Physical Activity Questionnaire-
short version) (Booth et al. 2003). Transport-related physical activity was included
in the measurement of physical activity. Total moderate to vigorous physical activity
time has been used to assess adequate physical activity, which is defined as 150 min/
week for consistency with international physical activity guidelines.

Statistical methods were used to test the strength of associations between the
different commute modes to work and participants’ self-reported levels of stress after
adjusting for differences in some of the factors which could impact the results.
Specifically, Chi square statistics were also used to examine the association between
demographic characteristics of the sample and travel mode to work. Then, logistic
regression was used to investigate the association of travel mode to work with self-
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reported stress (“more stressful” vs “about the same”/“less stressful”), adjusting for
age, sex, clinical or non-clinical role, and adequate weekly physical activity
(150 min/week). Odds ratios (ORs) and adjusted odds ratios (AORs) with 95%
confidence intervals (CIs) were estimated as a measure of strength of association.

10.5 Findings

10.5.1 Participant Characteristics and Travel Behaviour

Table 10.1 below shows the characteristics of hospital staff who participated in the
survey by active travel status. Overall 804 hospital employees participated in the
initial survey (25% response rate), while 675 respondents provided data on the items
of interest for this analysis. Approximately one in six respondents (15%) actively
commuted to work (walking 4%, cycling 2% or using public transport 9%). Active
travelers were almost twice as likely to be older than middle aged (i.e. greater than
55 years), and 60% more likely to work in an administrative rather than a clinical
role.

Comparing respondents in the survey to the Sydney region, overall Sydney has a
low level of active travel to work, but it varies by proximity to the central business
district. Inner city areas have the highest levels of walking (10.1%) and cycling
(2.2%) journeys to work (Zander et al. 2013a, b). In the outer areas of Sydney, where
this study was conducted, active commuting is much lower at 2.6% of journey being
by walking and 0.59% of journeys by bicycle (Zander et al. 2013a, b).

Table 10.1 Characteristics of hospital staff in south west Sydney 2011 by active travel status

N Non-active (%) Active travel (%) P

Sex

Males 156 81.0 16.9 0.104

Females 489 86.3 11.6

Age

18–34 years 177 83.1 16.9 0.024

35–54 years 351 88.4 11.6

55+ years 116 78.6 21.4

Physical activity

Insufficient physical activity 290 84.2 15.8 0.728

Sufficient physical activity 337 85.1 14.9

Occupation

Administrative 268 81.1 18.9 0.012

Clinical 380 88.2 11.8
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10.5.2 Stress and the Work Commute

One in five respondents (20.5%) said that compared to the rest of their working day,
their commute was more stressful. When compared between car commuters and
active travel commuters, car commuters reported a higher level of stress, with 26.1%
saying the commute trip was more stressful than the rest of their day, while active
commuters reported a lower rate of stress (10.1% saying the trip was more stressful
than the rest of their day).

Table 10.2 shows that after adjusting for the individual’s gender, age physical
activity levels and occupational role; active commuters were significantly less likely
to report that their commute to work was more stressful than the rest of their day than
car commuters. This result was highly statistically significant (AOR 0.35, 95% CI
0.17–0.73). Interestingly, age, sex, physical activity and occupational role were not
associated with reporting a greater amount of stress on the journey to work.

Table 10.2 Odds ratios and adjusted odds ratios of reporting more stressful commuting using
multiple logistic regression among hospital staff in South West Sydney 2011

Na % reporting
commuting was the
more stressful part
of the day

Odds
ratio 95% CI

Adjusted
odds
ratiob 95% CI

(Total
n ¼ 675)

Motor vehicle
travel

576 25.0 1.0 1.0

Active travel 99 10.1 0.34 0.17–0.67 0.35* 0.17–0.73

Males 156 22.4 1.0 1.0

Females 489 22.5 0.99 0.65–1.54 0.95 0.60–1.52

18–34 years 177 20.3 1.0 1.0

35–54 years 351 24.8 1.29 0.83–2.00 1.20 0.76–1.89

55+ years 116 19.0 0.92 0.51–1.66 0.72 0.37–1.40

Insufficient
physical
activity

290 23.5 1.0 1.0

Sufficient
physical
activity

337 22.6 0.95 0.65–1.38 0.93 0.63–1.37

Administrative 268 20.9 1.0 1.0

Clinical
position

380 23.7 1.17 0.81–1.71 1.15 0.77–1.73

*P < 0.05
aMay not add up to 675 due to missing data
bAdjusted for other variables in the table
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10.6 Lessons Learned

The large (15%) difference between active commuters’ and car commuters percep-
tions that the commute to work was more stressful than the rest of their day remained
statistically significant after adjusting for factors including gender, age, physical
activity levels and occupational type (clinical vs non-clinical). These findings
support international research which has shown that active travel to work may be
less stressful than car commuting. Car commuting stress has been found to be
associated with increased negative moods on arrival at work and the home, lower
tolerance threshold, cognitive impairment, greater illness and work absenteeism, job
instability and a negative effect on overall life satisfaction (Novaco and Gonzalez
2009). Many of the impedances that have been associated with car commuting stress,
such as traffic congestion, have lower impact on active travel modes of transport. For
example, in a UK study, where commuting by private car was found to be stressful,
walking and cycling by comparison, were found to be relaxing and exciting expe-
riences (Gatersleben and Uzzell 2007).

This case study sought to adjust for the different influences of age, gender, physical
activity and the nature of respondents’ jobs which might have influence both on their
commuting choices and the level of stress they might experience within the work
environment. The sample of participants included in this survey were slightly dispa-
rate so that active travelers were more likely to be older and have an administrative
role. Our data do not answer questions about whether administrative or clinical staff
have more stressful jobs, and this may prove to be important in determining the
relative stress of mode of travel. Whilst the regression model did adjust for clinical
versus non-clinical roles, and a simplistic view may be that some clinical roles might
be quite stressful due to high job demands, these roles may also have high levels of job
control so on balance the levels of stress may in fact be as high as some administrative
roles which have both a high job demand and low levels of perceived job control. We
do not have an occupational delineation that allows us to describe in more detail the
nature of the work respondents did. Such a study may consider the job demand and
job control aspects of different work roles to attain a holistic understanding of stress
within the workplace and enroute to work and to better determine the impact of stress
and the role of active travel (Jones and Bright 2001).

One of the strengths of this case study is that it was the first time that the
association of different travel modes with self-reported stress was confirmed in the
Australian transport context. However, the findings of the case study presented was
limited by being just one snapshot in time, and this prohibits the assertion of causal
relationship. The generalisability of the study findings are also limited due to the
study being conducted among hospital staff in southwest Sydney, where the results
may be specific to the south-western Sydney transport context. Although, transport
studies are always strongly influenced by the local transport and geographical
contexts, and these contexts have been described in this chapter and in journal
articles associated with the study so that readers can decide if the results are
applicable to their local settings (Petrunoff et al. 2013a, 2016a, 2017) The results
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are also consistent with studies in the USA and other car-centric countries, and add to
this relatively sparse area of research (Gatersleben and Uzzell 2007; Gottholmseder
et al. 2009). Another limitation was that the sample consisted mostly of women,
which is typical of healthcare services in Australia. Women in Australia are less
likely to be active commuters than men, (Rissel et al. 2014a) so active travel rates
may be lower than in other workplaces.

Assessing the association between active travel mode with self-reported stress
with the work commute has important public health implications. A positive rela-
tionship between active commuting and lower levels of stress during the commute to
work is likely to necessitate support for allocation of funding of infrastructure,
policies and programs which support active commuting. This will also have impli-
cations for health and wellbeing within the workplace and may lead to greater work
productivity and reduced absenteeism however these findings need to be assessed
over time.

The findings of this case study form part of a larger piece of research to evaluate
the effects of the 3-year workplace travel plan to encourage hospital workers to
commute to work by active travel means. The study concluded that a workplace
travel plan which included strategies to encourage active travel to work achieved
significant increases in active travel (Petrunoff et al. 2016). How interventions like
workplace travel plans might impact quality of life beyond the construct of stress is a
question which may be investigated as part of future research.

While these findings support the evidence that commuting to work by car is more
stressful than other modes of travel the next step is to be able to test the causal
association by following participants over time to track these effects and, to deter-
mine how important transport for the work commute is to health outcomes such as
mental health and cardiovascular disease. This will allow for other factors that
cannot be attributed to the role of physical activity to be investigated, such as
enjoying the scenery, lack of frustration, or letting the mind drift while travelling,
all of which are important factors in why people travel (Mokhtarian et al. 2015; Ory
and Mokhtarian 2005).

Stress is an important measure for further consideration in how we value travel
and appraise transport options. Increasingly, transport appraisals value transport
based on satisfaction with the transport journey as a measure of transport-related
wellbeing (Cantwell et al. 2009). This is good, yet investigations of the relationship
between the journey to work and quality of life from a health perspective are rare,
(Crane et al. 2016) and quality of life measures which capture the health effects of
the various transport modes tend to be unsuitable for transport studies, as they are
focused primarily on clinical-based measures of physical functioning. Likewise a
narrow focus on transport satisfaction to inform policy is a limitation and disregards
the larger benefits of active travel to quality of life. To progress in an understanding
of the journey to work, transport options and our quality of life, we need to better
understand the impact at a broader level, considering not only transport and life
satisfaction but measures of life experience such as stress and enjoyment (Rissel
et al. 2016).
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