Chapter 15 )
An Ecological Model for Understanding s
and Influencing Sedentary Behaviour

Nyssa Hadgraft, David Dunstan, and Neville Owen

Abstract With the evidence that time spent sitting can have adverse health conse-
quences, a research priority is to build the requisite knowledge base for effective
interventions—that is, what needs to be changed in order to change sitting time? To
do so requires an understanding of the environmental and contextual determinants of
sedentary behaviours, particularly to guide broad-reach public health approaches.
Conceptual models that focus explicitly on environmental and contextual factors can
assist in developing this key element of the overall sedentary behaviour epidemiol-
ogy research agenda. Sedentary behaviours can usefully be understood as inherently
context-specific—taking place in domestic environments, during transportation, and
in educational and workplace environments. Within this perspective, an ecological
model that emphasises the role of ‘behaviour settings’—context-specific environ-
mental influences—has relevance. This chapter presents an approach informed by a
behavioural epidemiology framework, drawing on evidence about sedentary behav-
iour and health, and about the contexts of time spent sitting. The aim is to provide an
understanding of the environment- and policy-relevant determinants of sedentary
behaviour (considered distinctly, but not separate from personal and social factors).
To demonstrate how this approach can be helpful, we apply the five principles of an
ecological model to sitting in the workplace. We outline how this model can provide
an environmentally focused perspective and help to direct attention to multiple levels
of influence on sedentary behaviour, and present an example of a workplace sitting-
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reduction intervention. We discuss some of the strengths and limitations of an
ecological/environmental approach and suggest opportunities for future research.

What Is New?

» Evidence of differential associations of sedentary time in different environ-
mental settings with health risk biomarkers and mental health indices.

* Identification of modest but statistically significant links of sedentary
behaviour with neighbourhood environment attributes.

» Recent intervention trials in the workplace setting have employed environ-
mental and ecological approaches, and have targeted multiple levels of
influence.

15.1 Introduction

As noted in other chapters, research into all aspects of sedentary behaviour has
increased considerably in recent years. There is now a substantial body of sedentary
behaviour epidemiology evidence linking high levels of sitting with increased risk of
a number of chronic diseases, risk factors and premature mortality. Furthermore,
evidence from experimental studies in laboratory settings has begun to confirm and
elaborate upon the implications of this observational-study evidence (see Chap. 5 for
further detail). These findings point to the need for intervention trials to identify the
feasibility and benefits of changing sedentary behaviours [1-5].

As with research involving other health behaviours, conceptual frameworks—
models and theories—can assist in explaining and predicting sedentary behaviour,
and can provide strong guidance for developing interventions. With the rapidly
strengthening evidence base on the adverse health outcomes associated with seden-
tary behaviours, greater attention now needs to be focused on understanding the
factors that influence too much sitting—the determinants of sedentary behaviours.
Specific knowledge of the antecedents of sedentary behaviours in the contexts in
which they take place is crucial to the design and implementation of effective
evidence-based interventions. The application of theories and models to the study
of sedentary behaviour is central to developing this stage of the research agenda.

To place the focus of this chapter in the perspective of sedentary behaviour
epidemiology, Fig. 15.1 outlines the behavioural epidemiology framework
[6-8]. This framework proposes six main phases of research on sedentary behaviour
and their interrelationships. For example, understanding the important influences on
particular sedentary behaviours (Phase IV) associated with adverse health outcomes
(as identified within Phase I) will assist judgements about how difficult or how easy
it may be to change them. Or conducting real-world assessments of the impact of
manipulating such influences through intervention trials (Phase V) can provide
strong clues for possible research directions on the determinants of behaviour.
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Examining associations of total and domain-specific sedentary behaviours with
health outcomes

Measurement of sedentary behaviour in defined settings

Understanding prevalence and duration of sedentary behaviours in specific populations

Identifying determinants of domain-specific sedentary behaviours

Designing, implementing and evaluating sedentary behaviour interventions DY

Evidence informing public health guidelines, policy and practice -

Fig. 15.1 Behavioural epidemiology perspective on understanding and influencing sedentary
behaviours [6-8]

A key underpinning of the framework shown in Fig. 15.1 is that all of these
phases of research can inform and influence each other. In this chapter, we will focus
on the relevance of ecological models for informing research in Phases IV and V of
the behavioural epidemiology framework, where the evidence base is more limited.

Research in Phases I through to VI, as illustrated in Fig. 15.1, may be thought of
as a logical sequence of evidence building. However, considering the set of arrows
on the right-hand side of the figure, this perspective on sedentary behaviour epide-
miology research should not be taken to imply that each respective phase will require
evidence from the preceding phases as essential building blocks. As evidence
emerges on sedentary behaviour determinants and interventions (Phases IV and V)
for example, this may point to fruitful new research directions identifying health
outcomes and relevant mechanisms (Phase I), or as the policy context around
sedentary behaviours is elaborated (Phase VI), research on determinants of sedentary
behaviour (Phase IV) may require a different focus and novel opportunities for
intervention trials (Phase V) may arise.

This chapter outlines a strategic perspective for research employing theories and
models in the sedentary behaviour field. Specifically, we use particular illustrations
of how conceptual frameworks can assist in progressing our understanding of the
factors that can influence sitting, and can strengthen, in practical ways, the knowl-
edge base underlying interventions. This requires a conceptual perspective to
capture the complexity of the determinants of sedentary behaviours across the key
settings in which they occur. We propose an ecological model of sedentary behav-
iour [9] as a framework for guiding future research studies. We employ this model
throughout this chapter and demonstrate how it can be used to progress knowledge in
the field.

Research in this relatively new and emerging field of sedentary behaviour
epidemiology has been informed by theories and models used in physical activity
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research [10, 11]. However, as we will discuss, there are unique characteristics of
sedentary behaviour that suggest the need for a distinct, strategic approach to guide
future research.

15.2 Strategies for Understanding Sedentary Behaviour

Research into the determinants of sedentary behaviour can be seen as both related to
and distinct from research on physical activity and exercise. For the purposes of this
chapter, when we refer to ‘physical activity’ we are generally referring to activity
performed at a moderate-to-vigorous intensity—activity that increases heart rate and
is often performed as planned bouts, which would be inclusive of ‘exercise’. While
we make a clear and explicit distinction between physical inactivity (too little
exercise) and sedentary behaviour (too much sitting), we understand that these are
two distinct attributes that nevertheless may mutually influence each other, with
synergistic behavioural, physical and mental health impacts that can be influenced
by the environmental context and the attributes of the sedentary behaviours involved
[12-15].

15.2.1 Physical Activity and Sedentary Behaviour: Some Key
Differences

Interventions designed to increase physical activity or reduce sedentary behaviour
have a common goal: to reduce the population-wide chronic disease burden associ-
ated with inactivity. Both approaches generally aim to encourage people to introduce
more activity into their day, although the intensity of that activity is likely to differ.
Sedentary behaviour interventions are designed primarily to support people to shift
some of their sitting time to light-intensity activities, such as standing or walking;
physical activity interventions have a greater focus on encouraging participants to
accumulate more moderate-to-vigorous physical activity.

While there are close links between physical activity and sedentary behaviour,
there are key qualitative differences between the two behaviours that underpin the
need for novel strategies to guide research on sedentary behaviour interventions. In
this context, Biddle and Gorely [16, 17] provide an informative elaboration of some
of the distinctions between the nature of the relevant behaviours and the factors
likely to determine these behaviours, for moderate-to-vigorous physical activity and
for two specific examples of sedentary behaviour:

* Moderate-to-vigorous physical activity: Low frequency and short duration, often
taking place as a bout on one occasion (or fewer) each day. It requires both
conscious planning and moderate-to-high effort to carry out and is likely to be
influenced by factors at multiple levels including individual-level goals and
motivation, social support and a supportive physical environment.
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* Domestic sedentary behaviour (television viewing and other screen time): Occurs
in regular prolonged bouts, typically in the evening and on weekends for working
adults. It can be of long duration, in bouts of 2—-3 h with infrequent breaks. It
requires a low level of effort and little conscious planning. It is highly habitual
and influenced by individual preferences, by social norms and typically by the
physical environment—including furniture arrangements—of domestic settings.

* Occupational sedentary behaviour (workplace sitting): Takes place in regular
prolonged bouts for office workers, typically occurring on weekdays. It is often of
very long duration—6—7 h accumulated across a day with infrequent breaks. It
requires minimal effort or conscious planning and is highly habitual. Key drivers
include habit, social norms, job requirements (such as computer-based work), and
the workplace physical environment (including office furniture and spatial design
features).

As noted above, there are some key differences in the relationships of environ-
mental contexts with moderate-to-vigorous physical activities compared to seden-
tary behaviours—particularly related to the contextual factors that are likely to
influence the frequency and duration of the two behaviours. Sitting is highly frequent
and can occur in long bouts that may only be interrupted briefly for a short duration.
In contrast, physical activities (specifically those of a moderate-to-vigorous nature)
tend to occur at lower frequencies in relatively short, distinct bouts (e.g. 30 min to
1 h). An active person may go to the gym for an hour, four times a week, but may do
little physical activity outside of these sessions. Importantly, the influencing factors
or drivers of these behaviours are likely to differ, including the relative importance of
habit and individual motivation.

Even the two examples of sedentary behaviour provided—TV viewing/screen
time and workplace sitting—are likely to be influenced by different factors. Biddle
and Gorely [16] suggest that this key difference in the level of conscious processing
is likely to have implications for the application of particular theories of behaviour in
relation to sedentary behaviour. While approaches for physical activity have typi-
cally focused on the role of conscious decision-making, individual-level theories for
sedentary behaviour may need to have a greater focus on the importance of habit, or
unconscious decision-making.

As outlined above, physical activity and sedentary behaviour should not be
treated simply as two sides of the same coin [18, 19]; inactivity (low/insufficient
levels of moderate-to-vigorous physical activity) is not the same as being sedentary
(high levels of sitting). It is possible, for example, to be both highly sedentary and
highly active (consider an office worker who cycles to work and then sits at a
computer for long, unbroken blocks of time). Recognising the distinct determinants
of physical activity and sedentary behaviour is particularly important for understand-
ing these behaviours and appropriately intervening [8, 9, 16]. Influencing sedentary
behaviour requires specific, targeted approaches based on the rapidly progressing
research in this field, rather than just applying the approaches that have previously
been found to be effective for understanding physical activity.
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15.2.2 Identifying Determinants of Sedentary Behaviour:
A Population-Health Perspective

The current sedentary behaviour epidemiology knowledge base provides indications
of possible correlates (cross-sectional associations or predictors) of sedentary behav-
iour. Considerably less evidence exists on ‘determinants’ of sedentary behaviour
[20]—a term implying a cause-and-effect relationship of one or more attributes with
the probability or the extent of engagement, in a particular sedentary behaviour [21].

Of the correlates that have been identified, the most consistent evidence relates to
individual-level factors, such as socio-demographics and health behaviour-related
attributes [22]. Please refer to Chap. 2 for further details on the correlates of
sedentary behaviour. Evidence for environmental correlates of sedentary behaviour
is increasing, although this has largely been limited to exploring associations with
the neighbourhood-built environment [20]. The relationship between interpersonal
or social influences with sedentary behaviour is also less clear from existing quan-
titative studies. A review by O’Donoghue and her colleagues [20] found that family-
related factors, specifically household composition and the presence of children,
appeared to be associated with sedentary time but found no evidence to support an
association between social norms or social interactions with non-family members
(e.g. colleagues and friends) with sedentary behaviour, although the number of
studies reviewed was small.

Interestingly, findings from qualitative research provide some additional evidence
to suggest that aspects of the sociocultural and physical environmental may be
important influences of behaviour. Interviews with office-based workers suggest,
for example, that perceived social norms linking productivity with being at one’s
desk create a barrier to taking more regular breaks from sitting [23], while supportive
social environments may facilitate reduced sitting time. In addition, office furniture
that feasibly only allows computer-based work to be performed seated is likely to be
a key factor influencing sedentary behaviour in office-based workers [24, 25].

Another example of informative qualitative evidence on social attributes is the
study by Chastin and his colleagues [26], who reported how social influences may
play a significant role in influencing sedentary time for older adults. The older
women interviewed for their study identified perceived societal expectations that
older adults should sit frequently, combined with insufficient environmental features
to accommodate brief pauses from sitting, as key factors influencing the amount of
time they spent sitting. A further nuance is that older adults’ sitting varies signifi-
cantly across the day, likely reflecting the interactions of settings, social and physical
health influences [27, 28].

While the above provides snapshots of the evidence pertaining to interpersonal
determinants of sedentary behaviour (which are addressed in more detail in Chaps. 2,
14, 16 and 28) it highlights the need to broaden thinking beyond individual-level
factors and attempt to identify potentially modifiable environmental and social
influences on sedentary behaviour. Conceptual models of the social and environ-
mental determinants of sedentary behaviour can assist with this process, but need to
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Fig. 15.2 A simplified ecological model of health behaviour (Reproduced with permission from
Springer Nature) [32]
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incorporate such nuances and complexities, including the differences that may
emerge across the wide range of different settings in which these behaviours take
place [29, 30] and the interaction between different levels of influence [20, 31].

As we will illustrate in the following section with reference to Fig. 15.2, there are
challenges in taking an explicit social and environmental perspective on the deter-
minants of sedentary behaviour. This reflects, in part, some of the roots of research in
our relatively new sedentary behaviour field. Within physical activity research,
individual-level theoretical models primarily have been employed in the design of
interventions [6]. For example, social-cognitive approaches include strategies to try
and increase participants’ self-efficacy for physical activity, such as using goal
setting and feedback on performance to alter participants’ belief in their capability
to undertake physical activity [33].

However, strategies that only target factors influencing behaviour at the individ-
ual level and fail to take account of the broader social and environmental context in
which it occurs will not be sufficient to achieve changes that are of public health
significance. In order to appropriately target such a prevalent and ubiquitous behav-
iour in a population health context, it will be necessary to incorporate an under-
standing of multiple levels of influences across different settings.

As noted earlier, there are still a number of gaps in our understanding of the
determinants of sedentary behaviour; the evidence for this phase of the behavioural
epidemiology framework is comparatively less developed than the preceding phases
[34]. As an example, while a large body of research has focused on understanding
attributes associated with TV viewing time or overall sitting time [16, 20, 22], less
research has explored likely determinants of occupational sitting (despite the signif-
icant contribution of this setting to many adults’ overall levels of sitting). Other
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chapters in this book address the current state of knowledge relating to correlates of
sedentary behaviour at the individual level (Chap. 16), the community level
(Chap. 23) and related to the social and physical environment (Chap. 24).

We suggest that the use of an ecological model for sedentary behaviour may assist
in addressing some of these research gaps and improving our understanding of the
underlying determinants. Understanding the determinants of sedentary behaviours
across different settings is particularly important as the factors that influence the
amount of sedentary time a person engages in and related health consequences may
depend on the specific setting in which it takes place [35].

15.3 An Ecological Model of Health Behaviour

Ecologic models have been used to explore and address a number of different health
behaviours, including physical activity, healthy eating and tobacco smoking
[36]. These ecological approaches largely arose after recognition that methods
focused predominately on individual-level factors failed to achieve inroads in
promoting healthy behaviours [36, 37].

Ecological models aim to recognise the complexity of health behaviours,
acknowledging that there is unlikely to be a single cause-and-effect pathway. In
line with approaches used to address some of these other health risk factors, the
application of an ecological model to sedentary behaviour may also assist in guiding
future research and identifying novel intervention targets across the multiple levels
of influence.

A key distinction is that while individual-level models emphasise the role of
person-level attributes (e.g. motivation, self-efficacy) that influence individual
behavioural choices, ecologic models focus to a greater extent on individuals’
interactions with their physical and sociocultural environments [38]. According to
this notion, the act of motivating or educating a person to change their behaviour is
expected to be limited if social and environmental conditions are not also supportive
of this behaviour. However, while supportive environments are considered neces-
sary for healthy behaviours, the idea that there are multiple levels of influence on
behaviour means that altering the environment on its own may not be sufficient for
behavioural change [39].

Ecological perspectives of health behaviour have five key principles that can be
used to guide research and understand the precursors to behaviour [36, 39]:

. There are multiple levels of influence on health behaviours

. Environmental contexts are significant determinants of health behaviours
. Influences on behaviours interact across levels

. Ecological models should be behaviour-specific

. Multi-level interventions should be most effective in changing behaviours

[ O I S R
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15.3.1 Applying an Ecological Model: Multi-level
Approaches for Understanding the Determinants
of Sedentary Behaviours

It has been noted previously that the choice of approaches for addressing health
behaviour interventions tends to be influenced by disciplinary backgrounds of
researchers rather than what may necessarily be the best approach [40]. For example,
psychological influences highlight the importance of individually focused solutions
to addressing health behaviours, while a practitioner from an urban design back-
ground may emphasise the importance of environmental influences on behaviour
[41]. A disadvantage of this approach is that it has the tendency to lead to narrow,
silo-type approaches to analysing problems and developing solutions [40].

Increasingly, it is being recognised that behavioural health risk factors such as
insufficient physical activity and excessive levels of sedentary behaviour are com-
plex problems, requiring multi-faceted solutions. To address these issues, we there-
fore require theoretical frameworks that can recognise and incorporate this
complexity [42]. We suggest that ecological models are better suited to this task
when compared with individually focused models and can provide the framework
for developing appropriate interventions.

Importantly, ecological models have much in common with best-practice health
promotion approaches. The Ottawa Charter for Health Promotion [43] emphasises
the importance of multi-faceted approaches, suggesting that the ideal conditions for
encouraging healthy behaviours include supportive environments and policies, and
ensuring that individuals are educated, but also that they have sufficient resources to
make healthy choices. The national preventive health framework in the USA,
Healthy People 2030, outlines the importance of addressing the social, environmen-
tal and economic determinants of health, in addition to individual-level factors
[44]. In line with these approaches to preventive health and health promotion more
generally, an ecological model may also be beneficial for guiding research and
interventions into the new public health challenges posed by excessive sedentary
behaviour, with ultimate translational relevance.

15.3.2 Ecological Model Principles and Individual-Level
Theories

Ecological models do not discount that individual-level characteristics, such as
motivation or individual preferences, may influence sedentary behaviour. Social-
cognitive theories formed the basis of many interventions that have aimed to
encourage higher levels of physical activity in the population [36]. The direct
application of social-cognitive theories to sedentary behaviour is still somewhat
limited [34]. However, there is some evidence to suggest that dual-process theories
may be helpful for understanding some of the cognitive influences on sedentary
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behaviour. Dual-process theories propose that we have two processing pathways—
one automatic and non-conscious and the other controlled and reflective. As
discussed earlier, it is highly probable that automatic, cue-driven processing plays
an important role in sedentary behaviour, whereas physical activity, which occurs in
less frequent bouts, may involve more controlled processing [16]. Some studies have
found evidence to support an association between habits and sedentary behaviour
amongst university students [45] and older adults [46] where those with stronger
habits reported spending more time sitting. Interestingly, the application of a form of
controlled processing—having specific intentions to reduce sedentary behaviour—
was associated with lower levels of sitting time in both samples [45, 46], suggesting
a possible explanation for some of the variation in sedentary behaviour, and a
pathway to explore within interventions.

However, a limitation of individual-level theories, including the dual-process
model, is that their specificity does not account for the broader social and contextual
attributes that can influence behaviour. While an ecological model does not discount
the role of cognitive processes in influencing behaviour, it is considered that
individual attributes are only one level of influence of sedentary behaviour and
should not be considered in isolation from contextual factors that are also likely to
be influential. From an ecological perspective, approaches centred on solely educat-
ing individuals about the health consequences of their behaviour and motivating
them to change are not expected to be sustainable in the long term, unless combined
with strategies targeting the broader environmental, social and policy context in
which the behaviour occurs [36].

15.4 An Ecological Model of Sedentary Behaviour

An ecological model of sedentary behaviour identifies four domains—Ieisure,
household, transport, and occupation [9]. The range of potential influences and
their relative importance is considered to differ in each of these domains [9]. This is
based on a preceding ecological model of physical activity behaviour. Figure 15.2
depicts a simplified version of the main levels of influence that ecological models
identify. This perspective directs research attention to broader potential influences on
sedentary behaviours, beyond the more usual focus on individual-level attributes that
are addressed by psychological and social-cognitive theoretical models [34].

As previously stated, a key underpinning of ecological models is the emphasis on
environmental and social factors as important influences of behaviour. While the
empirical evidence for environmental determinants of sedentary behaviour is still
emerging [20], the habitual, unconscious nature of many instances of sedentary
behaviour leads to the hypothesis that particular cues in our environment act as
triggers for sitting. When one takes the time to think about what influences sitting
throughout the day, this makes some intuitive sense. For example, are you sitting
down right now while reading this chapter? If so, perhaps this is because you are at a
desk—at home, in the library, or at your workplace—which is at a fixed height
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designed for use with a chair. Perhaps you are also sitting down because this is the
behaviour demonstrated by others in your environment and social norms encourage
you to emulate that behaviour. The social norms around what is ‘normal’ or
‘acceptable’ behaviour are likely to be important influences of when and where we
sit, as they are with other behaviours. An emerging body of literature has investi-
gated the application of choice architecture techniques, or ‘nudging’, to the field of
sedentary behaviour and physical activity, whereby small changes are made to
micro-environments (such as home settings and workplaces) to promote behavioural
change [4, 17]. More research (including high-quality, controlled trials) is needed to
ascertain whether such strategies could be effective for changing sedentary
behaviour.

15.4.1 The ‘Behaviour Settings’ Construct Within
an Ecological Model of Sedentary Behaviour

The potential utility of an ecological model for sedentary behaviour also arises from
the importance that it places on ‘behaviour settings’ [47]—the physical and social
context in which sedentary behaviour takes place. The complexity of understanding
and influencing sedentary behaviour stems from the reality that sitting occurs in
numerous contexts and a blanket approach targeting ‘sedentary behaviour’ fails to
take these nuances into account. Common examples of sedentary behaviours—such
as watching television, driving a car and sitting at a desk at the workplace are each
likely to have distinct determinants and require different approaches [9]. The relative
importance of each of these settings is also likely to differ across population groups.
For working adults in sedentary jobs, intervening in the workplace setting may have
the biggest impact on total daily sitting time [48]. For retirees, the household setting
is often where the largest proportion of sedentary time occurs and thus intervening in
this setting may be most effective [49]. For adults living in outer suburban areas,
addressing time sitting in motor vehicles may be fruitful [31]. Feasible strategies for
reducing sitting are also likely to differ between settings. In the workplace, for
example, activity-permissive workstations are often trialled [50], while in the
home environment feasible strategies may include encouraging people to take
more frequent breaks from sedentary leisure activities (such as standing up and
moving during commercial breaks or between episodes [51]). For further details on
sedentary behaviour interventions targeting different population subgroups and
settings, please refer to this chapter.

Further empirical evidence is needed to test the principles of an ecologic model of
sedentary behaviour as outlined above. Using the ecologic model as a guide, there
are opportunities for novel research questions about the possible determinants of
sedentary behaviour in each of the common domains. This evidence will further our
understanding of this highly prevalent health risk factor and provide an important
knowledge base to inform settings-based interventions.
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15.4.2 Environmental Influences on Sedentary Behaviour

When thinking about environmental influences on behaviour, these can include
perceptions and objectively measured aspects of the built environment, the natural
environment and the sociocultural environment. There is a body of research linking
aspects of the built environment, particularly population density and access to
destinations, with walking [52], sedentary time [53] and cycling for transport [54].

A review of the evidence linking neighbourhood environmental attributes with
sedentary behaviours by Koohsari and his colleagues [31] found somewhat mixed
evidence. Less than 30% of instances examined were significantly associated in the
expected direction (i.e. environmental attributes more favourable to physical activity
being associated with lower levels of sedentary behaviour). Many of the studies
found no evidence for the expected associations. One possible explanation that was
suggested was a lack of correspondence between the setting (neighbourhood envi-
ronment) and the behaviours measured in the studies; the sedentary behaviour
outcome was frequently an assessment of total sitting time accumulated across the
day. In accordance with the ecological model, it would be expected that
neighbourhood environment features would be most relevant to behaviour that
occurs in that setting (i.e. the home) and would not necessarily influence behaviour
in other settings, such as the workplace. The review recommended the need for
improved measures of sedentary behaviour and environmental attributes (objective
rather than self-report) and more prospective study designs. In addition, the limited
understanding of possible interactions between environmental factors with other
levels of influence on sedentary behaviour, such as socio-demographic characteris-
tics, was also noted. The review also highlighted the need for studies to consider a
distinct analytic approach for understanding the determinants of sedentary behav-
iour, rather than viewing it as simply a contrasting behaviour to physical activity.

The review by Koohsari et al. did not include studies assessing environmental
features of internal environments such as the workplace or home environment. This
is an important research gap as altering the indoor environment—such as through
replacing traditional seated desks with height-adjustable desks—has become a key
focus of many interventions to reduce sedentary time. An ecological approach may
assist in identifying the specific, and potentially distinct (indoor and outdoor),
environmental determinants of sedentary behaviour in key settings and thus provide
a stronger underlying evidence base for this growing field.

15.4.3 Application of an Ecological Model in Sedentary
Behaviour Research: The Workplace

To illustrate how the ecological model can assist in guiding research and under-
standing of sedentary behaviour, we will use the workplace as an example. As will
be discussed in further detail in Sect. 15.2, of the key domains of sedentary
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behaviour [18], the workplace is of particular interest, largely due to the volumes of
time that adults spend in the workplace and the increasingly sedentary nature of jobs.

The Workplace as a Sedentary Behaviour Setting

For those in office-based jobs, at least two-thirds of working hours can be spent
sedentary [55-57]. Thus, workplace sitting on its own contributes a significant
proportion of total daily sitting time for many adults. Reducing the amount of time
that people spend sitting at work may therefore have broad-ranging effects on
population levels of sedentary behaviour. Sedentary behaviour in the workplace
may also be amenable to change, relative to sedentary behaviour occurring in other
settings, as it occurs within a regulatory context where employers have legal
responsibilities for the health and safety of their employees. Indeed, researchers in
this field have called for sedentary behaviour to be considered explicitly as an
occupational health and safety issue and treated accordingly within this
framework [58].

The workplace has been used as a setting for implementing strategies targeting a
range of health risk behaviours including physical activity, nutrition and tobacco
control [10]. Working adults spend a significant proportion of their waking hours at
work and can be viewed as a captive audience for these messages [59]. For
employers, implementing health promotion programs in the workplace can make
good business sense, with the potential for economic benefits arising from lower
workplace injury rates, reduced absenteeism and greater staff retention [60].

In workplace health promotion, ecological models are consistent with best-
practice guidelines. For example, the World Health Organization’s Healthy Work-
places Model [61] identifies four areas to incorporate into strategies for improving
workplace health: the physical workplace environment, the psychosocial work
environment, personal health resources and enterprise community involvement.
These four pillars emphasise the importance of considering the multi-level influ-
ences on health behaviour, in line with principles of an ecological model of health
behaviour. In Sect. 18.2, examples will be presented of how a sedentary behaviour
program can address the keys to a healthy workplace outlined by this model.

The value of using an ecological model for thinking about the possible determi-
nants of behaviour is that, from the outset, we are challenged to consider how
multiple different levels of influence may be involved. Rather than just focus on
the most conspicuous factors or those in a particular disciplinary area, an ecological
model can encourage a broader, multidisciplinary perspective that can take into
account factors that may not previously have been considered.

An ecological model also aligns with our understanding of the workplace as a
complex social system [62]. Sedentary behaviour, like other behaviours that occur in
this setting, is likely to be influenced by a range of factors including individuals’
health status and motivations, beliefs, social norms, social climate, environmental
features, and organisational policies and procedures [62—64]. To give an example of
how an ecological model of sedentary behaviour can be applied, we will now step
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through the five principles of ecological models as they apply to the workplace. For
illustrative purposes, we focus on office-based workplaces.

1. There are multiple levels of influence on health behaviours
Thinking about how much time we spend sitting at work, we can identify a
range of factors that influence this behaviour. Many of us rely on computers to
perform our work, and the typical furniture setup to facilitate this work is a desk
and chair. Thus, environmental influences are prominent. However, we can also
consider individual-level factors. Some might enjoy sitting down and find this a
more comfortable posture than standing. We may have health-related issues that
are benefited by sitting. Social norms are also likely to be influential. Perceptions
of expected behaviour in the workplace (e.g. that workers are not productive
unless they are at their desk) or fear of not wanting to stand out by behaving
differently (e.g. by getting up more frequently to stretch or move around the
office) may also play a role [23, 24].
2. Environmental contexts are significant determinants of health behaviours
The environmental features of the workplace are likely to be important
contributors to the amount of time spent sitting. As mentioned above, fixed height
desks often limit workers’ ability to stand or move throughout their workday.
Furniture in meeting rooms and office kitchens is often designed for sitting. Other
aspects of the physical environment, such as the location of communal equipment
(e.g. printers, bins, kitchens, bathrooms), can encourage or limit the opportunities
that people have to move away from their sedentary desk work. The availability
and accessibility of staircases as an alternative to lifts is another environmental
factor influencing activity more generally.
3. Influences on behaviours interact across levels
As outlined, we can identify multiple different influences of sedentary behav-
iour in the workplace. There is also evidence to suggest that these factors are
likely to interact across levels as specified by the ecological model. Studies that
have explored barriers and enablers to using height-adjustable desks in the
workplace provide some indication of this phenomenon. One study found that
workplaces that simply provided staff with height-adjustable desks with minimal
other instruction had lower use of these desks compared to a workplace that
supplemented the desks with education and encouragement of their use
[65]. Similarly, interpersonal or social factors can interact with individual and
environmental level factors to influence workplace sitting. Seeing others use their
height-adjustable workstation can provide important social support that can
encourage workers to stand up [66]—indicating an interaction between environ-
mental and social influences. In contrast, negative interpersonal interactions (such
as concerns about noise projection with standing) may also influence takeup or
use of workstations that facilitate standing [66].
4. Ecological models should be behaviour-specific
When thinking about how to address sedentary behaviour, it is important to
consider the setting in which it takes place. In contrast to the relative privacy and
freedom of the home environment, behaviour in the workplace is influenced by a
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Table 15.1 A multi-level intervention designed to reduce and break up workplace sitting in office
workers: Stand Up Victoria

Level of
influence Strategies
Individual * Face-to-face and telephone health coaching, focusing on goal setting and
providing support, behaviour change strategies, instruction/demonstration on
workstation use
Organisational * Senior management and staff representative consultation
» Participant brainstorming session to identify suitable strategies for that
worksite
» Leadership support and communication through tailored management
emails
Environmental » Sit-stand workstation

range of social norms, organisational policies and expectations about behavioural
conduct. For many, the degree of volition we have with our behaviour differs
markedly. For these reasons, the underlying models of behaviour underpinning
strategies for addressing sedentary behaviour should differ between these two
settings. This follows the underlying premise of ecological models that they
should be behaviour-specific. Even within the workplace setting, there are dif-
ferent contexts in which sedentary behaviour occurs that should be considered
when planning interventions. Some examples of sedentary behaviour that occur
in a workplace include sitting at a desk in front of a computer, sitting in a meeting
and sitting in a kitchen/tearoom during a break. Each can be explained by
multiple levels of influence; however, the relative importance of each of these
levels may differ according to the behavioural context.
5. Multi-level interventions should be most effective in changing behaviours
While early research aiming to intervene on sedentary behaviour in the
workplace focused attention on the discernible environmental influences by
altering the physical workstations used by workers [67], there are some more
recent examples of intervention development that have taken a broader approach
along the lines of an ecological model. These provide some evidence that multi-
level interventions may be more effective than those that just focus on a singular
level.

The Stand Up Victoria study is an example of a workplace intervention targeting
sedentary behaviour that was developed using an ecologic model of sedentary
behaviour as the guiding framework [68]. The intervention involved an environ-
mental component, but also targeted organisational and individual factors thought
likely to influence sedentary behaviour (see Table 15.1). Within this ecological
framework, social-cognitive theory was also used to guide the development of the
intervention [68, 69].

The design of the study involved an initial 3-month intervention period (when the
full multi-component intervention was applied), followed by a 9-month maintenance
period. During the maintenance period, participants in the intervention group
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retained their workstations; however, the other intervention components ceased at
3 months [69].

In recent years, an increasing number of studies have been conducted assessing
the effectiveness of various activity-permissive workstations for reducing sitting.
Generally, these have been shown to lead to reductions in sitting time [67, 70,
71]. However, as discussed in other chapters, there is evidence that a multi-
component approach targeting influences at the individual, organisational and envi-
ronmental level may lead to greater reductions in sitting time when compared with
the provision of a sit-stand workstation in isolation [50]. This would support
the premises of the ecological model, particularly the need to identify and target
the multiple levels of influence on behaviour. Further research is needed to assess the
relative importance and contribution of each of these different levels of influence in
the context of sedentary behaviour interventions.

Stand Up Victoria has provided an example of how an ecological model can be
used to guide sedentary behaviour intervention development, in contrast to initial
intervention trials in the field which tended to use single-focus and/or individually
oriented approaches [72]. It is also important to note that within the ecological
framework used to guide the Stand Up Victoria approach, strategies designed
using a social-cognitive theoretical approach were able to be incorporated success-
fully within a broader strategy addressing aspects of organisational, social and
physical environments at work. The Stand Up Victoria project provided early
evidence to demonstrate how interventions at multiple levels (Principle 5 above,
arguably the strongest test of the utility of the ecological approach) may be carried
out in practice.

15.5 Limitations of Models and Theories in Applications
to Sedentary Behaviour

Models and theories can assist us to make sense of behaviour and the world around
us. For behaviours that pose a risk to health, theories can help to provide a
framework for understanding their underlying causes and guide intervention devel-
opment. Broader models can assist with identifying relationships between different
factors and understanding the pathways through which these impact on behaviour.
Understanding these interactions can aid in identifying the most appropriate and
effective intervention targets within complex causative pathways.

However, there may be inherent limitations with the use of currently available
models and theories of behavioural and social sciences in the context of understand-
ing the determinants of sedentary behaviour. Many theories that have been used to
describe health behaviours focus on individual-level influences, including education
and awareness-raising, motivation and other cognitive processes. When applied with
a focus primarily at the individual level, they often do not account for the other levels
of influence—social, environmental or policy—which may also encompass relevant
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determinants of sedentary behaviour. For these reasons, the predominant social-
cognitive models may provide a helpful but only partial account of the range of
relevant determinants. For practitioners involved in designing an intervention, it can
also be difficult to identify which of the multitude of theories available in the
literature would be most useful or relevant for the health behaviour of interest.

Additionally, it may be unclear as to how such theories can actually be translated
from the research environment into programs that can be scaled up and applied in
real-world settings. The overall outcome of interventions aimed at reducing seden-
tary behaviour should be to ultimately effect change on a population level. As such,
it is important to consider the need for theories and models to be accessible so that
they can also be up-scaled and usefully translated to broader scale interventions, not
just applicable in smaller scale laboratory studies.

15.5.1 Limitations of Ecological Models

We have emphasised the potential utility of an ecological model for understanding
and influencing sedentary behaviour. However, although we have outlined the
strengths of such a model, there are limitations. A key principle of ecological models
is that there are multiple levels of influence, all of which are deemed to be important
(albeit varyingly so, depending on the setting, the person and other factors). It has
been suggested that when these models have been applied in practice there has at
times been an exclusive focus on environmental influences. This parallels criticisms
of individual-level models—that they provide a narrow, incomplete account of
human behaviour [40]. Multidisciplinary research partnerships that involve team
members with broad expertise in interests and backgrounds may foster research that
is more true to a fundamental principle of ecological models: addressing multiple
levels of influence and their interactions.

Another limitation of the application of models identifying multiple levels of
influence is that they can be difficult to design, evaluate and measure, due to their
complexity. Public health programs designed with an ecological framework in mind
may feature large-scale environmental and policy changes that occur in natural,
uncontrolled settings. What is delivered in practice often will be out of the hands of
researchers and like many public health interventions will not be amenable to
evaluations using controlled experimental methods. This poses challenges for eval-
uating the effectiveness of intervening on multiple levels and unpicking which
components of which levels of the intervention are most effective [4, 5].

Nevertheless, this reflects the real-world complexity of the strategies likely to be
necessary in order to make significant progress in addressing large-scale and com-
plex public health issues. From a researcher’s perspective, the use of an ecological
model presents challenges as multi-level studies are complex and demanding. Teams
from a broad range of disciplines are likely to be needed to provide the expertise on
the different levels of influence and assist with measurement and analysis of these
components. However, this could also be viewed as a positive step. It is increasingly
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recognised that the public health challenges we face are multi-faceted and will not be
successfully addressed by applying a narrow mind-set that focuses all attention on
individual choice. By encouraging the framing of these issues through an ecological
model, there is the opportunity to encourage researchers and practitioners from
different backgrounds to collaborate, share perspectives and break down research
silos. New insights and perspectives on approaching a particular challenging prob-
lem may arise from the opportunity to share knowledge across disciplinary areas.

A further limitation is that ecological models do not specify the processes through
which different variables interact to influence behaviour. Unlike individual-level
theories of the determinants of health behaviours, which specify within a formal
framework the interrelationships between variables and how these are thought to
determine behaviour, an ecological model does not provide this level of specificity.
Sallis and Owen [36] propose that this is a key issue to keep in mind when applying
ecological models; they should be viewed as guiding frameworks, rather than as
explanatory theories. Instead of being a formal theoretical model, a key feature of
ecological frameworks is that they can incorporate specific individual-level, more
formally articulated theories into a broader framework.

Recognising some of the limitations of ecological models, there has been a broad
collaborative project to develop a systems-based approach to understanding the
multiple levels of determinants of sedentary behaviour and how they may interact
[73]. This approach specifically aims to address the limitation that ecological models
do not specify the connections between different levels of influences. Following a
consensus process, some recommendations for priority research areas have been
suggested.

15.6 Research Advances and Opportunities

There is still more to be done to further our understanding of the most effective ways
to influence and reduce sedentary behaviour. There are some notable research
advances in understanding key building blocks for an ecological approach to
sedentary behaviour. Prominent in the newer body of evidence are examinations
of environmental and related factors that can influence sedentary behaviour, and new
analytic methods for making sense of the complexities of the relevant findings.
These have been the topic of recent review papers [74—76]. Initial research using
Bayesian network analysis applied to Eurobarometer data provides some insights
into the complex interrelatedness between different levels of influence on sedentary
behaviour [77]. This innovative approach suggests avenues for further research to
extend the understanding of the various influences on sedentary behaviour, and how
these differ across the life course and within specific behaviour settings. Recently
reported findings on the outcomes of complex interventions including environmental
elements are promising [78—80], with some optimism being expressed in recent
reviews of qualitative and quantitative findings [81-83]. An approach showing
promise is the application of choice architecture techniques, or ‘nudging’, to the
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field of sedentary behaviour and physical activity [84]. The potential of such
approaches for modifying sedentary behaviours will become more apparent through
future research evidence.

From the ecological model and associated principles we have outlined in this
chapter, we propose some key questions for research:

1. What are the broader and more generalisable social, environmental and policy
level determinants of sedentary behaviour?

2. What specific social, environmental and policy level determinants are influential
for the key ‘behaviour settings’—the home environment, transportation and the
workplace/school?

3. Are there cultural or national level variations in the relative importance of
individual, social, environmental and policy influences on sedentary behaviour?

4. How do environmental determinants of sedentary behaviour interact with other
more well-studied levels of influence on health behaviours, such as personal
characteristics and social influences?

5. Do environmental factors have differential strengths of influence on sedentary
behaviours in some population groups compared with others? (For example,
across different age groups; amongst those from different socioeconomic status
backgrounds).

6. What is the feasibility of multi-level interventions in different settings—from
design, implementation and evaluation perspectives?

7. Do interventions that target multiple levels of influence result in more sustain-
able changes than those that target single, or fewer, levels of influence?

8. What are the key sociocultural determinants of sedentary behaviour and how do
these factors influence intervention effectiveness and sustainability?

9. What are the essential (and non-essential) components of multi-level sedentary
behaviour interventions in the workplace that can achieve sustainable
behavioural change?

10. What are the features of exemplary organisations (workplaces, schools, etc.) that
have been successful in reducing sedentary behaviour?

11. How best to assess the quality and comprehensiveness of studies that report
using an ecological framework?

15.7 Conclusions

An ecological model of sedentary behaviour can provide strong guidance in under-
standing how the determinants of sedentary behaviours in particular settings may be
better understood and influenced. This evidence, in turn, can influence the develop-
ment of interventions and strategies to address sedentary behaviour through a focus
on improving health outcomes, in line with the six phases of the behavioural
epidemiology framework (Fig. 15.1). While individual-level attributes that may be
addressed with conceptual and methodological rigour using social-cognitive theories
remain important, the field of sedentary behaviour epidemiology will advance in
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ways more relevant to improving health outcomes if its research strategy proceeds
using a broader multidisciplinary, ecologic perspective. Taking forward a rigorous
and relevant research agenda within the framework of an ecological model of
sedentary behaviour is challenging, and there are many new and potentially fruitful
directions for research.
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