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Background: the GetAMoveOn Network+
The GetAMoveOn Network is an interdisciplinary UK community that is addressing the EPSRC Grand
Challenge of transforming community health and care through the delivery of tested technologies that
promote wellbeing by providing timely, individualised feedback that encourage appropriate activities. We
are focusing on movement as a locus for health: it is our test case as it drives so many other benefits
that are of value: economically, socially and culturally.

When we move more, we become smarter; as we become stronger, chronic pain decreases. Greater
movement, especially in social contexts, improves collaboration. As we move, not only do we reduce
stress: we improve our capacity to handle stressful situations and to see more options for creative new
solutions. Movement enhances both strength and stamina, improves bone mineral density and balance,
reducing incidence of falling and associated hip injuries (causes of death in the elderly). Movement
complements other functions, from assisting with sleep and therefore memory and cognition, to helping
with diet and associated hormones - improving insulin sensitivity and balancing cortisol. There are recent
studies showing benefits of movement related to dementia. And yet, physical inactivity is the fourth
leading cause of death worldwide; sedentarism has been called the "new smoking". Meanwhile costs to
UK GDP from sedentarism and associated disease are increasing - from sick days lost to work, to elders
losing mobility and having to move into care homes.

We have designed ourselves into our sedentarism: sitting during our commute, at desks while we work,
and at home on the sofa. There is a critical need to design ourselves back into the natural effects of
health accrued simply by moving more. We need solutions that will help build both the evidence and the
experience that movement can enhance and benefit people's lives.

New technologies are transforming our ability to capture lifestyle data on individuals in real time.
Consumer technologies such as step counters and wifi scales are the tip of an iceberg - research
programmes worldwide are proposing lifestyle data capture from devices ranging from video cameras to
electricity meters to wearables. Meanwhile pervasive connectivity allows that data to be transmitted,
processed through powerful machine learning tools and provided back to people in a heartbeat. While
we understand the potential technologies, we do not yet know how to leverage the technology effectively
to support transformative health.

Current approaches in ehealth generally only reach a small part of the population that is already
interested in fitness, personal data capture, or both. Their uptake is, furthermore, of dubious effect as
two recent medical reviews have shown. To have a national impact on health and wellbeing, to reduce
the crippling burden of long term health conditions and to move healthcare from the clinic to the
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community, we need to reach everyone, across a range of abilities and aspirations. We need to connect
the potential of the technology with the potential of people and realise the benefits of a healthy, brilliant,
population.

Realising this potential requires research on novel technical solutions, supported by theories from sports
and health sciences on blending appropriate movement strategies for particular performance aspirations
to behavioural and cognitive sciences on ways to engage people to make effective and meaningful
progress. We need to understand what measures are appropriate not just to evaluate progress, but to
guide it and adapt to it. To have meaningful impact across these dimensions we need to combine a
range of expertise including sensor networks, data analytics, interactive visualisation, human computer
interaction, online citizen engagement, behaviour change, sports, exercise. The GetAMoveOn Network
is a response to this research challenge.
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Abstract
Innovative behaviour change interventions are needed to address the high sedentary
behaviour and low physical activity levels in older adults. The increased use of modern
technology by older adults presents an opportunity for such interventions to be delivered
digitally. Just-in-time adaptive interventions (JITAIs) are a novel type of behaviour change
interventions that capitalise on real time individual- and context-specific data that can be
collected via mobile sensing technology that is inbuilt into mobile devices (e.g.,
smartphones). The data can be used to trigger adequate in-the-moment support. So far, the
technology has been at the centre of attention in the development of such interventions,
while other important elements (e.g. behavioral theory) have not featured prominently,
which is likely related to the absence of dynamic models and theories of behaviour. The
goal of this work is to integrate behaviour change and ageing theory and research as well
as knowledge around older adult's technology use to develop a draft JITAI. The JITAI
targets the distal outcome (ultimate goal) regular active breaks from prolonged sitting time.
As a proximal outcome, the outcome that indicates short-term progress towards the distal
outcome, we suggest daily activity breaks from prolonged sitting. The provision of prompts
that encourage older adults to interrupt their sitting time should be based on a) accumulated
sitting time, b) location of the individual, c) time of the day, d) frequency of daily support
prompts, and e) response to previous support. Data on these variables can be collected
using smartphones. Support prompts should be delivered via traditional text messages as
older adults are familiar and comfortable with this function. The content of the prompts
should encourage breaks from prolonged sitting time by highlighting immediate benefits.
Ideas of light physical activities that could be done during the sitting breaks should also be
provided. To further advance the field strategies to collect, aggregate, organise and
immediately use temporally dense data are required. Machine learning and other
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computational modelling techniques commonly used by computer scientists and engineers
appear promising. To actualise these opportunities transdisciplinary teams and approaches
are required. Resulting JITAIs can then be tested, and implemented by health providers.

Introduction
Populations are ageing at a rapid pace and this trend is projected to continue (Christensen
et al., 2009; Rowe, 2015). For example, in 2050 about 21% of the world population will be
60 years or older; this is a strong increase from 2013 where the proportion of older adults
compared to the overall global population was about 12% (United Nations, Department of
Economic and Social Affairs, Population Division, 2013). An increase of the older adult
population can also be observed in the United Kingdom where there are currently more
people aged 65 or older than children under the age of 15 (Spijker and MacInnes, 2013).
One of the most effective ways to maintain health and wellbeing in older adulthood is to
engage in regular physical activity (Sargent-Cox, Butterworth and Anstey, 2015;
Ziegelmann and Knoll, 2015). Evidence for the relationship between physical activity and
health in older adults comes from numerous studies. For example, physical activity is
related to a long life in good health (Södergren, 2013). Others reported great effects of
physical activity on cardiovascular health (Vogel et al., 2009) and immune system
responses (Cherkas et al., 2008). Physical activity was also found to increase brain
plasticity, improve cognitive functioning (Colcombe et al., 2006; Erickson, Gildengers and
Butters, 2013; Olanrewaju et al., 2016) and positively impact on quality of life (Elavsky et
al., 2005).
Unfortunately, physical activity levels among older adults are low (Sun, Norman and While,
2013). Studies conducted in the United Kingdom confirm this global trend. When physical
activity was measured subjectively (via questionnaires or surveys) only between 11% and
23% of older adults were found to meet the minimal physical activity recommendations of
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150 minutes moderate-to-vigorous physical activity (MVPA) per week (Allender, Foster and
Boxer, 2008; Hillsdon et al., 2008; Stamatakis, Ekelund and Wareham, 2007). Others
assessed physical activity objectively and found activity levels are well below the ones
measured subjectively. Jefferis et al. (2014) measured physical activity with accelerometers
and found that only about 13% of older adults are active enough and that activity levels
decline with increasing age. The same study, among others, also showed that older adults
are the most sedentary age group and that sedentary time increases with increasing age
(Harvey, Chastin and Skelton, 2015; Matthews et al., 2008). The low physical activity and
high sedentary behaviour levels among older adults warrant the development of innovative
behavioural interventions.
In this paper we will consider digital sedentary behaviour and physical activity interventions
in older adults while focussing mainly on Just-in-time adaptive interventions (JITAIs). These
interventions bear promise to support people in sustainably changing their behaviour. They
build on the opportunities of mobile sensing technology to capture real-life data which can
then be used to trigger in-the-moment behavioural support. Unfortunately, most of these
interventions are developed with the technology and its capabilities at the centre of
attention. However, the people using the technology and theoretical as well as empirical
considerations related to behaviour change have not featured prominently in the
development process.
The primary aim of this paper is to develop a draft JITAI that is intended to impact
sedentary behaviour (mainly sitting time) and light physical activity in older adults. For this,
we will integrate theory and research findings related to behaviour change, ageing and
technology use. We will specifically focus on the six intervention components of a JITAI:
distal outcome, proximal outcomes, tailoring variables, intervention options, decision points,
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decision rules. Additionally, we will discuss potential limitations of JITAIs and introduce
recent developments in the field that hold promise for future research and innovation.

Digital interventions targeting physical activity and sedentary behaviour
in older adults
Digital-technology use in older adults
Older adults are increasingly technology-savvy and research shows that they are also
interested in exploring new technologies (Gell et al., 2015; Heart and Kalderon, 2013;
O'Brien et al., 2015; Zhou, Patrick Rau and Salvendy, 2014). This is especially true if
technologies can be used to improve important aspects of life, such as health and
wellbeing. Additionally, technologies need to be easy to use so that a) age-related
limitations are no barriers, and b) barriers such as technology fear are reduced (Heart and
Kalderon, 2013; Kurniawan, 2008; Parker et al., 2013; Vroman, Arthanat and Lysack,
2015). With this, there is a great potential to use digital technologies to promote health
behaviours in older adults. This was underpinned by Reinwand and colleagues (2015) who
showed that older adults are more likely to use digital lifestyle interventions as
recommended compared to other age groups.
Physical activity and sedentary behaviour interventions in older adults using digital
technology
Due to increased technology uptake by older adults, many researchers examined the
potential of digital interventions to improve physical activity. A 2014 review on the
effectiveness of non-face-to-face physical activity interventions in older adults showed that
modern technology could be used to improve physical activity in this age group (Müller and
Khoo, 2014). This was confirmed by a recent review that specifically looked into electronic
health interventions (Muellmann et al., 2017). Generally, the research landscape has
broadened in terms of the technologies that are being used and in terms of geographical
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spread. For example, interventions have been conducted using mobile phone text
messages in the United States (Kim and Glanz, 2013) and Malaysia (Müller, Khoo and
Morris, 2016). Others used the Internet (Belgium) (van Dyck et al., 2016), tablet computers
(Italy) (Silveira et al., 2013), smartphone applications (United States) (King et al., 2013) and
modern consumer-based activity trackers (United States) (Cadmus-Bertram et al., 2015;
Thompson et al., 2014) to promote physical activity in older adults. The effects on physical
activity behaviour change were mixed as some interventions were successful in increasing
physical activity (Kim and Glanz, 2013; King et al., 2013; Müller, Khoo and Morris, 2016;
van Dyck et al., 2016) and others were not (Cadmus-Bertram et al., 2015; Silveira et al.,
2013; Thompson et al., 2014). In another study, Chase (2015) investigated the overall
effectiveness of physical activity interventions in older adults. She identified 104 studies and
found that interventions were generally effective. In addition, she reported significantly
larger effects for digital physical activity interventions compared to interventions that were
delivered in different ways (e.g., via group sessions). Only two studies targeted sedentary
behaviour and showed moderate effects (King et al., 2013, 2016).
In spite of the inconclusive evidence, what is apparent is that modern technology can be
used to deliver physical activity and sedentary behaviour interventions, and that more work
is needed to design effective interventions that have a long-term effect on behaviour.
Underutilised potential of mobile technology
The mixed success of digital interventions highlight that the research community is yet to
fully understand how to effectively utilise the opportunities that technology offers to provide
effective behaviour change support. Particularly, the use of mobile technology such as
mobile phones, smartphones and consumer-based wearable trackers is of interest as they
are omnipresent in people’s lives (International Telecommunication Union, 2016). Using
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mobile technology to deliver health behaviour change interventions is promising as a large
number of people can be reached for relatively low costs (Vandelanotte et al., 2016).
So far, mobile technology is mainly used as a delivery channel for interventions. In these
interventions baseline characteristics such as age, education level and overall physical
activity levels determine the time, type and frequency of behavioural support (tailoring).
Once an intervention is build it is implemented and cannot be changed. For example, in a
recent intervention older adults received one daily motivational text message at a prespecified time (every weekday in the morning) over a fixed period of time (12 weeks). The
message content was tailored to the study population (Müller, Khoo and Morris, 2016).
New and powerful mobile sensing technologies allow for the continuous collection of data
on behaviour and its determinants (e.g., current location) during interventions. These data
can be used to inform the choice of immediate support options in ongoing interventions
(Hekler et al., 2016; Patrick et al., 2016; Riley et al., 2015; Spruijt-Metz et al., 2015). These
interventions are called Just-in-time adaptive interventions (JITAIs) and the remainder of
this paper is dedicated to this novel intervention design (Nahum-Shani, Hekler and SpruijtMetz, 2015).
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Just-in-time adaptive interventions (JITAIs)
Ecological Momentary Assessment – a precursor of JITAIs
The origins of JITAIs lie in Ecological Momentary Assessment (EMA) (Riley et al., 2015). In
EMAs data of the behaviour in question and other relevant context information (e.g.,
emotional state, the environment, the purpose of behaviour, time of the day) are collected
to gain a rich picture of various factors that can impact behaviour in real life. These data are
measured using logs and questionnaires, and the information obtained can be used to
inform the design of future interventions.
Due to the availability of mobile sensing technologies a great variety of behaviour and
context data can now be collected in a non-intrusive manner (Hekler et al., 2013). Such
data allow for a more detailed understanding of the unfolding of behaviour (Hekler et al.,
2016). For example, smartphone accelerometers can collect data on activity patterns, and
when a person reaches certain activity thresholds, a digital questionnaire can be triggered
that asks the individual about the context (e.g. social environment, mood) of that activity. In
addition, GPS data can be used to understand the relationship between certain activities
and the geographic location. Capturing such real-time, individual and context data can
identify ideal moments to deliver behaviour change support (Dunton, Dzubur and Intille,
2016); for example, knowing that a person is mostly sedentary when at work active breaks
during working hours could be promoted.

JITAIs – a novel intervention design
Although traditional EMA studies provide valuable insights for tailoring and refining future
interventions, they are only a means of collecting data. With new technologies that have
considerable computing power data can be immediately aggregated and processed in order
to adapt timing, content and intensity of behaviour change support in ongoing interventions
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(Riley et al., 2015; Spruijt-Metz et al., 2015). This is crucial because support should ideally
be delivered when an individual is either vulnerable to make a negative behavioural choice
(e.g., using the lift instead of the stairs) or when there is an opportune moment to make a
positive behavioural choice (e.g., going for a walk after sitting for a long time). As such
moments can occur any time, it is important to recognise them and to trigger immediate
support. For this support to have the desired impact the individual needs to be receptive.
The receptivity depends largely on the type of support (e.g., message, audible signal) and
the individuals’ ability and/or motivation to process support and act upon it (Nahum-Shani et
al., 2014; Nahum-Shani, Hekler and Spruijt-Metz, 2015). Hence, in-the-moment,
individualised support that adapts dynamically to changing states and contexts is important.
JITAIs are an intervention design in which the type, time, intensity and content of behaviour
support adapts based on real-time information of the individuals’ internal state (e.g., mood,
behavioural readiness), the behavioural context (e.g., location, time of the day) and
previous responses to such support (e.g., an hour ago the individual walked after receiving
a prompt) (Hekler et al., 2016; Nahum-Shani et al., 2016). As such, JITAIs capture and
make use of the semi-random nature of real-life events and ever changing individual states
and contexts that impact on what people do and how they behave. As a result, interventions
are individualised throughout the whole intervention period based on obtained data (see
Figure 1). Due to their dynamic nature, JITAIs can help individuals to sustainably change
their behaviour in everyday life.
Support trigger
Data

Baseline data

Intervention entry

Support trigger
Data

Support trigger
Data

Support trigger

Support trigger
Data

Figure 1: Simplified flow of a JITAI
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Using portable mHealth technologies such as smartphones, wearable activity trackers and
smart watches that are commonly equipped with sensors is particularly useful in JITAIs as
they can collect relevant data and are usually in close proximity to the individual throughout
the day (Hekler et al., 2013; Nahum-Shani, Hekler and Spruijt-Metz, 2015). For example,
wearable trackers can collect behavioural (e.g., walking, sitting), physiological (e.g., heart
rate) and geographical data that can then be used in conjunction with data from a digital
questionnaire (e.g., on mood) to inform the selection of a specific supportive prompt.
The theory-technology gap
JITAIs are possible due to the ubiquitous nature of mobile devices that are equipped with
sensing technology and that have considerable computing capabilities (McClernon and Roy
Choudhury, 2013). These technologies can detect data on human activity, the
environmental, social interactions, and physiological and psychological states (e.g., mood
and well-being) (Riley et al., 2015; Spruijt-Metz et al., 2015). These data can then be used
to trigger adequate behavioural support.
Mobile (sensing) technology is developing rapidly and ample opportunities to design strong
individualised and context-specific real-time interventions arise frequently. However, current
health behaviour theories are rather static as they focus on behavioural determinants that
change slowly over time (e.g., age, attitudes). They provide a general, mostly simplified,
framework of how certain factors influence behaviour (Hekler et al., 2016; Patrick et al.,
2016). For example, the Theory of Planned Behaviour suggests that self-efficacy
(confidence), subjective norms (what do others think about the behaviour) and attitudes
influence behaviour (Ajzen, 1991). In contrast, JITAIs are also meant to address timevarying changes in individual states and contexts and their interaction (e.g., mood at current
location) (Hekler et al., 2013; Hekler et al., 2016; Nahum-Shani et al., 2016).
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Although there are no dynamic theories and models 1 attempts to integrate current
behaviour change theories and empirical data when designing JITAIs are scarce (NahumShani et al., 2016; Riley et al., 2015; Spruijt-Metz and Nilsen, 2014) as intervention
developers mainly focus on the technology. The integration of relevant theoretical and
empirical evidence pertaining to a specific target population and behaviour is a crucial first
step for JITAI construction (Nahum-Shani, Hekler and Spruijt-Metz, 2015).
In the following sections we will describe the integration of behaviour change and ageing
theory and empirical data with the goal of developing a draft JITAI targeting the
replacement of sitting time with light physical activity in older adults. Where necessary, we
will also consider technology adoption and use in older adults.

The absence of dynamic behaviour theories and models relates to the fact that dense information about
behavioural processes could not be collected previously and researchers relied mainly on data collected before
and after an intervention. New technologies allow for the continuous collection of data Spruijt-Metz and Nilsen
(2014).
1
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JITAIs for active breaks from sitting time in older adults
JITAIs consist of six core components: distal outcome, proximal outcomes, tailoring
variables, intervention options, decision points, and decision rules (Nahum-Shani et al.,
2014). We will introduce and discuss these components as they relate to replacing sitting
time with light physical activity in older adults. A framework outlining important questions to
consider when addressing the six components will inform the integration of relevant
theoretical and empirical evidence (Nahum-Shani, Hekler and Spruijt-Metz, 2015).
Component 1: Distal outcome
The distal outcome is the ultimate long-term goal of a JITAI. It needs to be meaningful in
terms of tangible health benefits (Nahum-Shani, Hekler and Spruijt-Metz, 2015). Examples
of distal outcomes include reduced sedentary behaviour and increased physical activity
(van Dantzig, Geleijnse and van Halteren, 2013).
The World Health Organisation (2010) recommends that older adults should accumulate at
least 150 minutes of moderate or 75 minutes of vigorous physical activity (a combination of
both is possible). In addition, regular strengthening, flexibility and balancing activities are
important. However, older adults are the least active and the most sedentary age group
(Harvey, Chastin and Skelton, 2015; Jefferis et al., 2014; Matthews et al., 2008; Sun,
Norman and While, 2013) and many have some physical limitations. Thus, promoting this
amount of more intense activities seems unrealistic (Olanrewaju et al., 2016; Sparling et al.,
2015). It also appears difficult to use a JITAI to promote more structured physical activities
(e.g., strength exercises, exercise classes) because these need to be planned in advance
and initiating them spontaneously is likely unfeasible.
An adequate distal outcome is the reduction of sedentary behaviour, especially sitting time,
and the increase of light physical activities (e.g., walking or standing). This is because
people who are sedentary also do little moderate or vigorous activity (Mansoubi et al.,
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2014), which means that sedentary older adults will likely accept targets around light
physical activity better compared to more challenging ones (Greenwood-Hickman, Renz
and Rosenberg, 2016). In addition, the Lifespan Theory of Control suggests that with
increasing age very challenging activities might be difficult to accomplish. As a result, older
adults are more committed if activities are in line with their current competencies and
capacities (Heckhausen, Wrosch and Schulz, 2010).
Replacing sitting time with light physical activities is desirable from a public health point of
view. Too much sitting increases the risk of premature death (van der Ploeg et al., 2012)
and other health conditions (Garcia-Esquinas et al., 2017; Rezende et al., 2014). Increases
in any activity are likely to buffer the negative effects of prolonged sitting (Ekelund et al.,
2016; Sparling et al., 2015). Researchers also reported various benefits from active sitting
breaks (Healy et al., 2008; Owen et al., 2010). Finally, sitting is habitual and thus breaks
from sitting are opportunistic and can probably be promoted in the moment (with a JITAI)
(Maher, Sliwinski and Conroy, 2017; Rutten et al., 2013).
With this, an appropriate distal outcome for older adults is to interrupt prolonged sitting with
light physical activity on a regular basis.
Distal outcome: Regular interruptions of prolonged sitting with light physical activity

Component 2: Proximal outcome
Proximal outcomes are the mediators through which the distal outcome can be addressed
(proximal outcomes impact distal outcome). With this, the proximal outcome is at the centre
of a JITAI as it indicates progress towards the distal outcome. In order to identify
meaningful proximal outcomes (or one meaningful proximal outcome) it is important to
consult theory and research findings (Nahum-Shani, Hekler and Spruijt-Metz, 2015).
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Many theories point to the importance of intentions to improve health behaviours (Ajzen,
1991). In addition, self-efficacy, the confidence to be able to perform a behaviour, can
greatly impact physical activity adoption and maintenance in older adults (McAuley et al.,
2003; van Stralen et al., 2009). Older adults who are more confident are more active. Other
researchers found that social support or social interaction positively impacts physical
activity (Anderson-Bill et al., 2011; Devereux-Fitzgerald et al., 2016; Smith et al., 2017). For
example, Gellert et al. (2011) showed that older adults who joined a physical activity
intervention with their life partners were more active compared to other participants.
Although self-efficacy and social support are important, they are mainly relevant for more
planned and structured physical activities. It is not reasonable to assume that self-efficacy
or social support impact how often an (older) person takes breaks from prolonged sitting, as
sitting is rather habitual. This was confirmed in a study with office workers who are
potentially less in control of their sitting time (Hadgraft et al., 2017). The authors concluded
that social-cognitive factors such as self-efficacy and social support do not drive changes in
sitting time.
In the absence of conclusive evidence on crucial factors that directly impact activity breaks
from sitting time (Bond et al., 2014; Gardner et al., 2016; Maher, Sliwinski and Conroy,
2017) it seems appropriate to focus on behavioural proximal outcomes. The most critical
proximal outcome in our context is likely the short-term progress towards adopting and
maintaining the behaviour (distal outcome) (Nahum-Shani et al., 2014). This is because in
order to change a behaviour sustainably intermediate progress towards the behaviour is
important.
An adequate proximal outcome that is important for the adoption of regular activity breaks
from sitting is the number of breaks from prolonged sitting over a day. This means when an
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individual interrupts his/her sitting time throughout the day for a few weeks it is likely that
breaks from sitting will soon become habitual. Figure 2 depicts this model.

Figure 2: Intervention impact on distal outcome (regular activity breaks from prolonged
sitting) via the proximal outcome (daily activity breaks from prolonged sitting)
Proximal outcome: Number of breaks during prolonged sitting over a day

Component 3: Tailoring variables
The tailoring variables indicate when, where and for whom specific behaviour change
support should be delivered. The choice of tailoring variables is crucial because they
identify circumstances that mark an opportunity to improve the behaviour in the moment
and, with this, make progress towards the proximal outcome (Nahum-Shani et al., 2016).
For example, the tailoring variable "current accumulated sitting time" might provide
information on when it is best to support a person to have an active sitting break (potentially
after prolonged sitting). Tailoring variables, other than behavioural ones, are also important
because a number of individual and contextual factors can indicate an opportune moment
for behavioural support (Nahum-Shani et al., 2014; Nahum-Shani, Hekler and Spruijt-Metz,
2015). These factors relate mainly to receptivity of support. For example, it is important to
know if the person is able to break his/her sitting time when receiving support.
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Consequently, the choice of tailoring variables need to be in line with theoretical and
empirical evidence while also considering practical aspects (Nahum-Shani et al., 2016).
We propose five tailoring variables: accumulated sitting time, location of the individual, time
of the day, frequency of support prompts per day, response to previous support. The first
tailoring variable is probably the most obvious choice as it directly relates to sitting
behaviour (see Figure 3). A similar tailoring variable was chosen by researchers who
implemented a JITAI that aimed at reducing sitting time in office workers (van Dantzig,
Geleijnse and van Halteren, 2013). There is some initial evidence from a JITAI study in
obese adults on after how much sitting time people are likely to take active sitting breaks
(Thomas and Bond, 2015). The authors found that participants who were prompted to
interrupt their sitting time after 30 minutes accumulated most breaks and spent the longest
time walking during these breaks when compared to participants who received prompts
after longer sitting time.

Figure 3: Relationship between the Tailoring Variable 1, the proximal and the distal
outcome
The location of the individual is another important tailoring variable. Sitting time might not
only be accumulated at home where the individual is likely to be able and willing to take
active breaks. For example, when being at a public place such as the doctor’s waiting room
18

or a café taking active breaks from sitting might not be possible or desirable. In such
settings, people would not be very receptive of support. In addition, research also indicated
that repeating a behaviour in a consistent setting (e.g., at home) is important during the
initial stages of habit formation (Lally et al., 2010). This highlights that when the older adult
is at home support might be most beneficial.
Another tailoring variable that is probably important is the time of the day. Research
suggests that older adults accumulate most of their sitting time in the evening hours
(Fitzsimons et al., 2013; Gardiner et al., 2011; Gennuso et al., 2016). A study carried out
with older adults showed that participants were more in favour of taking active sitting breaks
in the evening compared to other parts of the day (Gardiner et al., 2011). This might be
because they have some chores to complete throughout the day (e.g., going shopping,
taking care of grandchildren) and have more opportunities to sit for longer later in the day.
Hence, receptivity of support prompts might be higher in the evening.
The next tailoring variable is the response to support prompts sent earlier. If the older adult
had an active break after a prompt, providing support prompts at a later time might not be
appropriate because the person might not be open to too many sitting time interruptions.
Older adults are usually very sedentary (they accumulate between 8 and 11h of sedentary
time per day) (Harvey, Chastin and Skelton, 2015; Matthews et al., 2008) and the sedentary
behaviour has become a habit over a long time (e.g., sitting in front of the TV after dinner).
Alterations to these long-term behavioural patterns are difficult to achieve (GreenwoodHickman, Renz and Rosenberg, 2016). Reducing sitting time in a step-by-step manner is
likely most acceptable (Gardner, Lally and Wardle, 2012) and avoids burden (Nahum-Shani
et al., 2014). Evidence for this comes from Rosenberg and colleagues (2015). They found
that none of their older research participants achieved 15 or more sitting time breaks per
day and concluded that more realistic targets should be in place. If the older adult does not
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respond to a few support prompts it might not be desirable to continue providing such
prompts even if they are due (based on sitting time data). The person might simply not be in
the mood to interrupt his/her sitting time and the receipt of a prompt could be disturbing.
It is also important to limit the frequency of support prompts to minimise burden. In a JITAI
study that addressed sitting time in office workers, the researchers limited the number of
daily support prompts to three (van Dantzig, Geleijnse and van Halteren, 2013). Research
participants responded positively to this. However, Thomas and Bond (2015) found more
frequent prompts (seven per day) lead to more sitting time interruptions in obese adults.
More research, especially in older adults, is required.
In addition to identifying appropriate tailoring variables it is important to decide how these
should be measured. The measurement method can impact the a) accuracy of the
identification of an opportune moment, b) burden felt by participants, and c) cost and
flexibility of assessments (Nahum-Shani et al., 2014; Nahum-Shani et al., 2016).
It first needs to be decided whether tailoring variables should be measured passively
(automatically via sensors) and/or actively (e.g. via digital questionnaires) (Nahum-Shani et
al., 2014; Nahum-Shani et al., 2016). For the tailoring variables we propose in this paper
passive measurements appear most appropriate because all variables can be measured
with a smartphone (King et al., 2013, 2016). Passive measurement will also reduce burden
as no information input is required (Nahum-Shani et al., 2014). This is especially important
for older adults who might be cognitively challenged to provide an adequate account of the
momentary context (Levy, 1999). In addition, passive measurement increases the validity
and reliability of the collected data.
The final question concerns the technology that should be used for measuring the tailoring
variables. Although older adults are increasingly interested in using mobile technology (Gell
et al., 2015; Vroman, Arthanat and Lysack, 2015) their uptake of newer devices such as
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smartphones is still low (PEW Research Centre, 2017; Statistica, 2016). Furthermore, when
older adults use such technologies they tend to use only a few functions (Heart and
Kalderon, 2013). This might be because they experience problems navigating around
complex menus (Zhou, Patrick Rau and Salvendy, 2014). It is expected that the use of
more complex technologies, especially smartphones, will increase in the coming years and
that older adults become skilled users (Ofcom, 2015). Even if they still have limited skills
this is not a major barrier to sensor-based, automatic data collection. Thus, all tailoring
variables can be measured with a smartphone, but the use of additional wearable activity
trackers would be beneficial.
Sitting time and responses to previous support can be measured with the smartphoneinbuilt accelerometer/inclinometer. However, older adults might not want to carry the device
on the body when at home. Using wearable activity trackers might be an alternative. Small
physical activity studies showed that older adults accepted such trackers well (CadmusBertram et al., 2015; Lyons et al., 2017). Others also reported that older adults found these
devices easy to use and useful (McMahon et al., 2016). Arguably, this might be because
older adults received extensive training. On the contrary, researchers suggested that older
adults are reluctant to use more than one device at the same time (King et al., 2013, 2016).
It is also important to consider that uptake and long-term use of trackers remain
questionable (O'Brien et al., 2015). The location can be measured with the in-built GPS and
time of the day with the in-built clock.
Tailoring variable 1: Accumulated sitting time measured with smartphone
accelerometer/inclinometer, and/or wearable activity tracker.
Tailoring variable 2: Location of the individual measured with smartphone GPS.
Tailoring variable 3: Time of the day measured with smartphone clock.
Tailoring variable 4: Frequency of support prompts per day.
Tailoring variable 5: Response to previous support prompts.
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Component 4: Intervention options
The intervention options are the support prompts that are triggered when the tailoring
variable data indicate an opportune moment (Nahum-Shani, Hekler and Spruijt-Metz,
2015). There are an unlimited number of possible intervention options. However,
intervention options should be selected in light of a) theoretical and empirical evidence
which point to the options that are most likely to positively impact the behaviour, b) the
possibility to deliver the support in a just-in-time manner (Nahum-Shani, Hekler and SpruijtMetz, 2015), and c) appropriateness and feasibility (e.g., consider appropriateness of going
for a walk at 9pm).
Research on promoting active breaks from sedentary behaviour in older adults is limited. A
recent review found that self-monitoring and problem solving are very promising for the
promotion of active sitting breaks (Gardner et al., 2016). In contrast, other researchers
found such behaviour change techniques not to be effective in older adults because they
are too cognitively demanding, undermine autonomy and are irrelevant (French et al., 2014;
Warner et al., 2016).
According to the Socioemotional Selectivity Theory older adults are mainly interested in
present-oriented and personally relevant incentives of behaviour because of the prominent
perception that their lifespan is limited (Carstensen, Isaacowitz and Charles, 1999; Charles
and Carstensen, 2010). This was confirmed in two recent studies (Devereux-Fitzgerald et
al., 2016; Greenwood-Hickman, Renz and Rosenberg, 2016). The researchers reported
that joy and immediate health benefits were important motivators for improving physical
activity and reducing sedentary behaviour. Thus, making older adults aware of these
immediate benefits of active sitting breaks is important. In addition, it is useful to provide
activity ideas for these breaks. Practical activities such as getting up to make a cup of tea
are probably acceptable (Greenwood-Hickman, Renz and Rosenberg, 2016). A brief
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prompt to encourage older adults to stand up for a short time after prolonged sitting can be
Intervention Option 1.
Intervention Option 2 should consist of positive feedback if sitting time was interrupted
following the previous prompt (e.g., ‘You have managed to move for 3 minutes since the
last prompt. Well done! You are well on your way to reduce your sitting time.’) and
encouragement to repeat this behaviour. The Provide Nothing Option (Intervention Option
3) is important in case an immediate interruption of sitting time is not possible (e.g., person
is in a café) or in case the individual is not receptive of support (e.g., sitting time was
interrupted successfully a few times during the day).
Finally, it is important to consider the delivery of the intervention options because this can
affect their impact. As highlighted earlier, older adults have lower smartphone uptake
compared to other age groups, and older adults use only a limited number of the available
mobile device functions (Heart and Kalderon, 2013; Statistica, 2016). They feel most
comfortable with traditional, less complex mobile phone functions, especially text
messaging (Gell et al., 2015). As a result, it appears most appropriate to deliver
Intervention Options 1 and 2 through text messages. This is likely to reduce cognitive
burden while, at the same time, increasing ease of use. Ideally, an audible signal alerts the
individual to the arrival of a text message. This ensures the availability of some support
(reminder) even if the individual does not intend to read the message.
Intervention Option 1 (delivered via text message): Provide prompt to encourage
standing up to do some light movements for a brief period. Highlight immediate
benefit of doing this and provide activity ideas.
Intervention Option 2 (delivered via text message): Provide feedback on previous
(positive) response to support prompt. In addition, encouragement to stand up and
move for brief period.
Intervention Option 3: Provide nothing.

23

Component 5: Decision points
The decision point is the point in time at which an intervention option (support) is triggered
(Nahum-Shani et al., 2014; Nahum-Shani, Hekler and Spruijt-Metz, 2015). Decision points
are flexible and their frequency mainly depends on opportunities that arise to positively
impact behaviour (level of the tailoring variables). With this, the decision points are the inthe-moment component of a JITAI because they are guided by the dynamic of the tailoring
variables.
To support older adults to replace some of their sitting time with light physical activities the
evening hours present the best window of opportunity (Gardiner et al., 2011; Gardiner et al.,
2011). Here we propose a time interval for decisions points from 5pm to 9pm. At what
specific time which intervention option is triggered will depend on the level of Tailoring
Variables 1, 2, 4 and 5. For example, if at any time between 5pm and 9pm there is a period
of uninterrupted sitting time (e.g., 30 minutes), and the older adult is at home, he/she
responded positively to a previous support prompt, and less than three support prompts
were provided on that day a decision about the appropriate intervention option is made.
Time interval for decision points: From 5pm until 9pm.

Component 6: Decision rules
The decision rules systematically link the components of a JITAI. Good decision rules
specify intervention options that have the most beneficial impact on the proximal outcome
based on the levels of the tailoring variables at any decision point (Nahum-Shani et al.,
2014; Nahum-Shani, Hekler and Spruijt-Metz, 2015). JITAIs include many decision rules
because of the various levels and interactions of the tailoring variables and the different
intervention options. Here we constructed seven decision rules (see Figure 4). For
example, if the older adult accumulates less than 30 minutes of uninterrupted sitting time
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Intervention Option 3 will be triggered (no intervention, Decision Rule 1). If an older adult
accumulates at least 30 minutes of uninterrupted sitting time and he/she is at home, it is
between 5pm and 9pm, and no support prompt has been delivered before on that day
Intervention 1 will be triggered (support prompt, Decision Rule 4). A summary of all JITAI
components is provided in Appendix 1.
Tailoring Variable 1
>= 30 minutes sitting time

No
Yes

Intervention
Option 3

Tailoring Variable 2
Location: at home

No
Yes

Intervention
Option 3

Tailoring Variable 3
Time of day: 5pm to 9pm

No
Yes

Intervention
Option 3

Tailoring Variable 4
Number of support prompt: first
of day

No
Tailoring Variable 4
Number of support prompt:
second or third of day

Yes

Intervention
Option 1

No
Yes

Intervention
Option 3

Tailoring Variable 5
Response to previous support
prompt: Active sitting break

No
Yes

Intervention
Option 1

Intervention
Option 2

Figure 4: Draft JITAI to reduce sitting time in older adults.
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Decision rule 1: If current accumulated sitting time < 30 minutes Then, Intervention
Option 3.
Decision rule 2: If current accumulated sitting time ≥ 30 minutes, and {location at
home = No} Then, Intervention Option 3.
Decision rule 3: If current accumulated sitting time ≥ 30 minutes, and {location at
home = Yes, time of the day 5pm to 9pm = No} Then, Intervention Option 3.
Decision rule 4: If current accumulated sitting time ≥ 30 minutes, and {location at
home = Yes, time of the day 5pm to 9pm = Yes, first support prompt of day = Yes}
Then, Intervention Option 1.
Decision rule 5: If current accumulated sitting time ≥ 30 minutes, and {location at
home = Yes, time of the day 5pm to 9pm = Yes, first support prompt of day = No,
second or third support prompt of day = No} Then, Intervention Option 3.
Decision rule 6: If current accumulated sitting time ≥ 30 minutes, and {location at
home = Yes, time of the day 5pm to 9pm = Yes, first support prompt of day = No,
second or third support prompt of day = Yes, active sitting break following previous
prompt = No} Then, Intervention Option 1.
Decision rule 7: If current accumulated sitting time ≥ 30 minutes, and {location at
home = Yes, time of the day 5pm to 9pm = Yes, first support prompt of day = No,
second or third support prompt of day = Yes, active sitting break following previous
prompt = Yes} Then, Intervention Option 2.
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Discussion
Due to the limited availability and/or effectiveness of physical activity and sedentary
behaviour policies (Olanrewaju et al., 2016; Reis et al., 2016) there is a need for selfmanaged health behaviour adoption and maintenance. JITAIs are a novel intervention
design that capitalises on mobile sensing technology to collect real-time individual and
context data which is used to provide in-the-moment support (Nahum-Shani et al., 2014;
Nahum-Shani et al., 2016; Nahum-Shani, Hekler and Spruijt-Metz, 2015). These
interventions were successful in increasing physical activity and/or reducing sedentary
behaviour in a few small studies involving adults (Consolvo et al., 2008; van Dantzig,
Geleijnse and van Halteren, 2013) and older adults (Bond et al., 2014; King et al., 2013,
2016) (see Appendix 2 for a summary of these studies). The changes in sedentary
behaviour were moderate and largely comparable to the changes achieved in other
interventions that did not provide just-in-time adaptive support (Barone Gibbs et al., 2016;
Fitzsimons et al., 2013; Gardiner et al., 2011; Maher, Sliwinski and Conroy, 2017;
Rosenberg et al., 2015).
In this paper we developed a draft JITAI that can be used to help older adults to reduce
their sitting time by replacing some of it with light physical activity. We integrated behaviour
change as well as ageing theory and evidence, and also considered older adults'
technology adoption and use. We hope our work provides intervention developers a starting
point for the design of future JITAIs.
Although we carefully integrated theories and research findings to arrive at the draft JITAI it
is important to highlight that not all tailoring variables that could indicate opportunities for
support to impact sitting time were considered. In this paper we focussed on tailoring
variables that can be assessed in a passive and unobtrusive manner using smartphones
and their inbuilt sensors. This choice was made because passive measurement minimises
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burden and allows for flexible as well as accurate assessments (Nahum-Shani et al., 2016).
We acknowledge that other tailoring variables than those included in our JITAI are likely
also important. For example, the internal state (happy, annoyed or energised) might be a
promising tailoring variable to identify moments in which behaviour support can be
beneficial, but also detrimental (Nahum-Shani et al., 2016). If an older adult had some
negative experiences he/she might be annoyed. In such situations providing support to take
an active break from sitting could be perceived negatively even though all other tailoring
variables point to an opportune moment for such support. However, assessing mood might
not be desirable because it required the input of information into a mobile device. This will
increase burden and might lead to disengagement with the intervention (Nahum-Shani,
Hekler and Spruijt-Metz, 2015). With this, only a limited number of tailoring variables from
the unlimited set of variables can and/or should be assessed. Additionally, the complex and
time-varying interactions between psychological, contextual and behavioural tailoring
variables which impact behaviour were not captured in our work. This is mainly because
these interactions and their implications are difficult to anticipate (Nahum-Shani, Hekler and
Spruijt-Metz, 2015; Spruijt-Metz et al., 2015).
In addition to the adaptations based on an individuals’ psychological state and the context,
JITAIs should also adapt to the progress towards the proximal and distal outcome (NahumShani et al., 2016). For example, when an older adult successfully interrupted his/her sitting
time in the evening for a few weeks the frequency of support prompts could be increased to
ensure further sitting time reductions. That means that the decision rules proposed in this
paper will need to change over time (Nahum-Shani et al., 2016). When such adaptations to
decisions rules should be made is not clear. The limited evidence suggests that the
adoption of a healthy habit can take between 18 and 254 days (median: 66 days) (Lally et
al., 2010). This study provides little guidance on when decision rules should be adapted in a

28

JITAI targeting sedentary behaviour in older adults because a) the researchers included
younger adults who were motivated to change their behaviours and b) the reduction of
sedentary behaviour was not assessed. Older adults might need longer time to adopt a new
behaviour due to long-established habits. On the contrary, taking active sitting breaks is not
as complex as increasing physical activity. Thus, habit formation might not take very long.
The fact that the JITAI studies published to date described minimal (King et al., 2013, 2016)
or even no adaptations (Bond et al., 2014; Consolvo et al., 2008; van Dantzig, Geleijnse
and van Halteren, 2013) to decision rules highlights that not all opportunities that JITAIs
offer are currently utilised.
As JITAIs capitalise on mobile technology questions around feasibility and costeffectiveness to implement large-scale interventions in older adults need to be answered.
Although the 'digital divide' is narrowing older adults show lower technology adoption and
use compared to other age groups (Gell et al., 2015; McMahon et al., 2016). This is
especially true for very recent technologies which bear most promise for JITAIs. It is hence
necessary to train older adults in using these technologies (Parker et al., 2013). In the three
JITAI studies that targeted physical activity and sedentary behaviour in older adults training
sessions prior to the interventions were conducted to familiarise the participants with the
technologies (Bond et al., 2014; King et al., 2013, 2016). For example, King and colleagues
(2013, 2016) provided a 1-hour one-to-one training session for each participant. A helpline
was also established to troubleshoot problems. Even more support might be necessary for
the older old who experience most barriers to technology use (McMahon et al., 2016).
Providing such support on a larger scale might be impractical and cost-ineffective. Yet, if
older adults successfully adopt modern mobile technologies JITAIs might have a long-term
impact on behaviour. This is because older adults are less likely to abandon these
technologies (McMahon et al., 2016) and are more adherent to digital interventions
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compared to younger age groups (Reinwand et al., 2015). There is another benefit of a
face-to-face introductory session prior to a JITAI. Older adults can be made aware of their
sedentary behaviour and intentions to reduce time spent sedentary can be formed (Maher,
Sliwinski and Conroy, 2017). The JITAI can then function as a bridge between intentions
and behaviour. This will likely increase the sustainability of behaviour change.

Future work
JITAI research is in its early infancy (Nahum-Shani et al., 2016) and the draft JITAI
developed here is a necessary step for the advancement of such interventions. Our JITAI is
limited as it does not account for a) all potentially important individual and contextual factors
that can impact sitting time, b) time-varying changes of these factors, and c) complex and
changing interactions between these factors.
Understanding these complexities and theorising them solely from a behavioural science
point of view is neither feasible nor fruitful as they are variable from individual to individual.
To further refine the JITAI and to ensure effective behaviour change we need temporally
dense longitudinal data from various sources that can be fed back into the JITAI to allow for
continuous adaptations at the individual level (feedback loop) (Spruijt-Metz et al., 2015).
Strategies of data aggregation, connection and organisation for continuous model
refinement are common in computer science and engineering and are often referred to
computational modelling (such as machine learning or system identification) (Hekler et al.,
2016; Spruijt-Metz et al., 2015). With advancing sensor technologies that are increasingly
integrated in smartphones and other mobile devices, and the use of machine learning
approaches it is possible to understand and impact individual behaviour in real-time
(Spruijt-Metz et al., 2015). This is likely to significantly change behavioural health research
and practice as it will allow us to generate behavioural theories and models that are
informed by classical theories (that are concerned with more stable factors), refined by data
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(of dynamic factors), and individually adaptable. However, such work requires
transdisciplinary teams involving behavioural health experts, engineers and computer
specialists (Hekler et al., 2016; Nahum-Shani et al., 2016; Spruijt-Metz and Nilsen, 2014).
Finally, it is essential to consider the ethical implications related to the collection dense
personal data necessary for adaptive interventions.

Conclusions
Health behaviour intervention research and practice has come a long way. From the early
days where interventions were generic and intended to help all people in all contexts, to
interventions that were tailored based on baseline data we are now approaching the era of
behaviour change interventions, such as JITAIs, that are continuously adapted based on
data collected through modern technology (Patrick et al., 2016).
The primary merit of JITAIs is that they recognise and make use of the momentary context
of behaviour that can have a profound impact on the adoption and maintenance of health
behaviours. Modern technology enables us to collect chunks of information of this context;
and this information can then be used to trigger immediate support. In this paper we
integrated behavioural health and ageing theory and research as well as knowledge around
the use of technology by older adults to arrive at a draft JITAI targeting the interruption of
sitting time with active breaks. Our draft JITAI can be tested and further refined to make it fit
for purpose in health promotion settings. Further advancement will be made if temporally
dense contextual data is collected and fed back into the JITAI (via machine learning). This
will only be possible if transdisciplinary teams consisting of behavioural scientists,
engineers and computer specialists work together.
Finally, despite the great opportunities technology provides, it is crucial to realise that
participants require an adequate level technology acceptability and expertise. This can be a
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barrier when implementing JITAIs in older adults, and resource-intense measures might
need to be taken to familiarise older adults with the respective technologies.

Summary of impact
In this paper we designed a draft JITAI that can be tested and further refined so that it can
be used by health promoters. In addition to this tangible output we also hope to stimulate
debate about:
a) The possibilities and challenges of using modern sensing technology to address
physical activity and sedentary behaviour in older adults.
b) The complexities of people's health behaviours and how individual, contextual and
other factors interact.
c) The importance of transdisciplinary teams consisting of behavioural health experts,
engineers and computer scientists to understand and sustainably impact sedentary
behaviour and physical activity of (older) people using modern technology.
Our work also has implications for contemporary health promotion interventions. Such
interventions should encourage reductions in sedentary behaviour in a step-by-step
manner. Short encouraging prompts could be sent to older adults in the evening hours to
animate them to take active sitting breaks. Such support could be delivered via simple
technologies such as text messages.

References
Ajzen, I., 1991. The theory of planned behavior. Organizational Behavior and Human
Decision Processes, 50(2), pp.179-211. doi: 10.1016/0749-5978(91)90020-T
Allender, S., Foster, C. and Boxer, A., 2008. Occupational and nonoccupational physical
activity and the social determinants of physical activity: results from the Health Survey for
England.
Journal
of
Physical
Activity
and
Health,
5(1),
pp.104-116.
doi: 10.1123/jpah.5.1.104
32

Anderson-Bill, E.S., Winett, R.A., Wojcik, J.R. and Williams, D.M., 2011. Aging and the
social cognitive determinants of physical activity behavior and behavior change: evidence
from the guide to health trial. Journal of Aging Research, 2011, Article ID 505928.
doi: 10.4061/2011/505928
Barone Gibbs, B., Brach, J.S., Byard, T., Creasy, S., Davis, K.K., McCoy, S., Peluso, A.,
Rogers, R.J., Rupp, K. and Jakicic, J.M., 2016. Reducing sedentary behavior versus
increasing moderate-to-vigorous intensity physical activity in older adults: a 12-week
randomized, clinical trial. Journal of Aging and Health, p.0898264316635564.
doi: 10.1177/0898264316635564
Bond, D.S., Thomas, J.G., Raynor, H.A., Moon, J., Sieling, J., Trautvetter, J., Leblond, T.
and Wing, R.R., 2014. B-MOBILE-A smartphone-based intervention to reduce sedentary
time in overweight/obese individuals: a within-subjects experimental trial. PLoS One, 9(6),
p.e100821. doi: 10.1371/journal.pone.0100821
Cadmus-Bertram, L. A., Marcus, B. H., Patterson, R. E., Parker, B. A., & Morey, B. L.
(2015). Randomized trial of a Fitbit-based physical activity intervention for
women. American
Journal
of
Preventive
Medicine, 49(3),
414-418.
doi: 10.1016/j.amepre.2015.01.020
Carstensen, L.L., Isaacowitz, D.M. and Charles, S.T., 1999. Taking time seriously: A theory
of socioemotional selectivity. American Psychologist, 54(3), p.165-181. doi: 10.1037/0003066X.54.3.165
Charles, S.T. and Carstensen, L.L., 2010. Social and emotional aging. Annual Review of
Psychology, 61, pp.383-409. doi: 10.1146/annurev.psych.093008.100448
Chase, J.A.D., 2015. Interventions to increase physical activity among older adults: A metaanalysis. The Gerontologist, 55(4), pp.706-718. doi: 10.1093/geront/gnu090
Cherkas, L.F., Hunkin, J.L., Kato, B.S., Richards, J.B., Gardner, J.P., Surdulescu, G.L.,
Kimura, M., Lu, X., Spector, T.D. and Aviv, A., 2008. The association between physical
activity in leisure time and leukocyte telomere length. Archives of Internal Medicine, 168(2),
pp.154-158. doi: 10.1001/archinternmed.2007.39
Christensen, K., Doblhammer, G., Rau, R. and Vaupel, J.W., 2009. Ageing populations: the
challenges
ahead. The
Lancet, 374(9696),
pp.1196-1208.
doi: 10.1016/S01406736(09)61460-4
Colcombe, S.J., Erickson, K.I., Scalf, P.E., Kim, J.S., Prakash, R., McAuley, E., Elavsky, S.,
Marquez, D.X., Hu, L. and Kramer, A.F., 2006. Aerobic exercise training increases brain
volume in aging humans. The Journals of Gerontology Series A: Biological Sciences and
Medical Sciences, 61(11), pp.1166-1170. doi: 10.1093/gerona/61.11.1166
Consolvo, S., McDonald, D.W., Toscos, T., Chen, M.Y., Froehlich, J., Harrison, B., Klasnja,
P., LaMarca, A., LeGrand, L., Libby, R. and Smith, I., 2008, April. Activity sensing in the
wild: a field trial of ubifit garden. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (pp. 1797-1806). ACM. doi: 10.1145/1357054.1357335

33

Devereux-Fitzgerald, A., Powell, R., Dewhurst, A. and French, D.P., 2016. The acceptability
of physical activity interventions to older adults: A systematic review and metasynthesis. Social Science & Medicine, 158,pp.14-23. doi: 10.1016/j.socscimed.2016.04.006
Dunton, G.F., Dzubur, E. and Intille, S., 2016. Feasibility and Performance Test of a RealTime Sensor-Informed Context-Sensitive Ecological Momentary Assessment to Capture
Physical Activity. Journal of Medical Internet Research, 18(6), e106. doi: 10.2196/jmir.5398
Ekelund, U., Steene-Johannessen, J., Brown, W.J., Fagerland, M.W., Owen, N., Powell,
K.E., Bauman, A., Lee, I.M., Series, L.P.A. and Lancet Sedentary Behaviour Working
Group, 2016. Does physical activity attenuate, or even eliminate, the detrimental
association of sitting time with mortality? A harmonised meta-analysis of data from more
than
1
million
men
and
women. The
Lancet, 388(10051),
pp.1302-1310.
doi: 10.1016/S0140-6736(16)30370-1
Elavsky, S., McAuley, E., Motl, R.W., Konopack, J.F., Marquez, D.X., Hu, L., Jerome, G.J.
and Diener, E., 2005. Physical activity enhances long-term quality of life in older adults:
efficacy, esteem, and affective influences. Annals of Behavioral Medicine, 30(2), pp.138145. doi: 10.1207/s15324796abm3002_6
Erickson, K.I., Gildengers, A.G. and Butters, M.A., 2013. Physical activity and brain
plasticity in late adulthood. Dialogues in Clinical Neuroscience, 15(1), pp.99-108.
Fitzsimons, C.F., Kirk, A., Baker, G., Michie, F., Kane, C. and Mutrie, N., 2013. Using an
individualised consultation and activPAL™ feedback to reduce sedentary time in older
Scottish adults: results of a feasibility and pilot study. Preventive Medicine, 57(5), pp.718720. doi: 10.1016/j.ypmed.2013.07.017
French, D.P., Olander, E.K., Chisholm, A. and Mc Sharry, J., 2014. Which behaviour
change techniques are most effective at increasing older adults’ self-efficacy and physical
activity behaviour? A systematic review. Annals of Behavioral Medicine, 48(2), pp.225-234.
doi: 10.1007/s12160-014-9593-z
García-Esquinas, E., Andrade, E., Martínez-Gómez, D., Caballero, F.F., López-García, E.
and Rodríguez-Artalejo, F., 2017. Television viewing time as a risk factor for frailty and
functional limitations in older adults: results from 2 European prospective
cohorts. International Journal of Behavioral Nutrition and Physical Activity, 14(1), p.54.
doi: 10.1186/s12966-017-0511-1
Gardiner, P.A., Eakin, E.G., Healy, G.N. and Owen, N., 2011. Feasibility of reducing older
adults' sedentary time. American journal of Preventive Medicine, 41(2), pp.174-177.
doi: 10.1016/j.amepre.2011.03.020
Gardiner, P.A., Clark, B.K., Healy, G.N., Eakin, E.G., Winkler, E.A. and Owen, N., 2011.
Measuring older adults' sedentary time: reliability, validity, and responsiveness. Medicine
and
Science
in
Sports
and
Exercise, 43(11),
pp.2127-2133.
doi: 10.1249/MSS.0b013e31821b94f7
Gardner, B., Smith, L., Lorencatto, F., Hamer, M. and Biddle, S.J., 2016. How to reduce
sitting time? A review of behaviour change strategies used in sedentary behaviour
34

reduction interventions among adults. Health Psychology Review, 10(1), pp.89-112.
doi: 10.1080/17437199.2015.1082146
Gardner, B., Lally, P. and Wardle, J., 2012. Making health habitual: the psychology of
‘habit-formation’and general practice. British Journal of General Practice, 62(605), pp.664666. doi: 10.3399/bjgp12X659466
Gell, N.M., Rosenberg, D.E., Demiris, G., LaCroix, A.Z. and Patel, K.V., 2015. Patterns of
technology use among older adults with and without disabilities. The Gerontologist, 55(3),
pp. 412–421. doi: 10.1093/geront/gnt166
Gellert, P., Ziegelmann, J.P., Warner, L.M. and Schwarzer, R., 2011. Physical activity
intervention in older adults: does a participating partner make a difference? European
Journal of Ageing, 8(3), p.211–219. doi: 10.1007/s10433-011-0193-5
Gennuso, K.P., Thraen-Borowski, K.M., Gangnon, R.E. and Colbert, L.H., 2016. Patterns of
sedentary behavior and physical function in older adults. Aging Clinical and Experimental
Research, 28(5), pp.943-950. doi: 10.1007/s40520-015-0386-4
Greenwood-Hickman, M.A., Renz, A. and Rosenberg, D.E. 2016. Motivators and barriers to
reducing sedentary behavior among overweight and obese older adults. The Gerontologist,
56(4), pp. 660–668. doi: 10.1093/geront/gnu163
Hadgraft, N.T., Winkler, E.A., Healy, G.N., Lynch, B.M., Neuhaus, M., Eakin, E.G., Dunstan,
D.W., Owen, N. and Fjeldsoe, B.S., 2017. Intervening to reduce workplace sitting:
mediating role of social-cognitive constructs during a cluster randomised controlled
trial. International Journal of Behavioral Nutrition and Physical Activity, 14(1), p.27.
doi: 10.1186/s12966-017-0483-1
Harvey, J.A., Chastin, S.F. and Skelton, D.A., 2015. How sedentary are older people? A
systematic review of the amount of sedentary behavior. Journal of Aging and Physical
Activity, 23(3), pp.471-487. doi: 10.1123/japa.2014-0164
Healy, G.N., Dunstan, D.W., Salmon, J., Cerin, E., Shaw, J.E., Zimmet, P.Z. and Owen, N.,
2008. Breaks in sedentary time. Diabetes Care, 31(4), pp.661-666. doi: 10.2337/dc07-2046
Heart, T. and Kalderon, E., 2013. Older adults: are they ready to adopt health-related
ICT? International
Journal
of
Medical
Informatics, 82(11),
pp.e209-e231.
doi: 10.1016/j.ijmedinf.2011.03.002
Heckhausen, J., Wrosch, C. and Schulz, R., 2010. A motivational theory of life-span
development. Psychological Review, 117(1), p.32-60. doi: 10.1037/a0017668
Hekler, E.B., Klasnja, P., Traver, V. and Hendriks, M., 2013. Realizing effective behavioral
management of health: the metamorphosis of behavioral science methods. IEEE
Pulse, 4(5), pp.29-34. doi: 10.1109/MPUL.2013.2271681
Hekler, E.B., Michie, S., Pavel, M., Rivera, D.E., Collins, L.M., Jimison, H.B., Garnett, C.,
Parral, S. and Spruijt-Metz, D., 2016. Advancing models and theories for digital behavior
change interventions. American Journal of Preventive Medicine, 51(5), pp.825-832.
doi: 10.1016/j.amepre.2016.06.013
35

Henson, J., Davies, M.J., Bodicoat, D.H., Edwardson, C.L., Gill, J.M., Stensel, D.J., Tolfrey,
K., Dunstan, D.W., Khunti, K. and Yates, T., 2016. Breaking up prolonged sitting with
standing or walking attenuates the postprandial metabolic response in postmenopausal
women: a randomized acute study. Diabetes Care, 39(1), pp.130-138. doi: 10.2337/dc151240
Hillsdon, M., Lawlor, D.A., Ebrahim, S. and Morris, J.N., 2008. Physical activity in older
women: associations with area deprivation and with socioeconomic position over the life
course: observations in the British Women’s Heart and Health Study. Journal of
Epidemiology and Community Health, 62(4), pp.344-350. doi: 10.1136/jech.2006.058610
International Telecommunication Union (2016) ICT facts and figures. Available at: http://
www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2016.pdf (Accessed: 24
September 2016).
Jefferis, B.J., Sartini, C., Lee, I.M., Choi, M., Amuzu, A., Gutierrez, C., Casas, J.P., Ash, S.,
Lennnon, L.T., Wannamethee, S.G. and Whincup, P.H., 2014. Adherence to physical
activity guidelines in older adults, using objectively measured physical activity in a
population-based study. BMC Public Health, 14(1), p.382. doi: 10.1186/1471-2458-14-382
Jefferis, B.J., Sartini, C., Ash, S., Lennon, L.T., Wannamethee, S.G., Lee, I.M. and
Whincup, P.H., 2015. Trajectories of objectively measured physical activity in free-living
older men. Medicine and Science in Sports and Exercise, 47(2), p.343-349.
doi: 10.1249/MSS.0000000000000410
Kim, B.H. and Glanz, K., 2013. Text messaging to motivate walking in older African
Americans: a randomized controlled trial. American Journal of Preventive Medicine, 44(1),
pp.71-75. doi: 10.1016/j.amepre.2012.09.050
King, A.C., Hekler, E.B., Grieco, L.A., Winter, S.J., Sheats, J.L., Buman, M.P., Banerjee, B.,
Robinson, T.N. and Cirimele, J., 2013. Harnessing different motivational frames via mobile
phones to promote daily physical activity and reduce sedentary behavior in aging adults.
PloS One, 8(4), p.e62613. doi: 10.1371/journal.pone.0062613
King, A.C., Hekler, E.B., Grieco, L.A., Winter, S.J., Sheats, J.L., Buman, M.P., Banerjee, B.,
Robinson, T.N. and Cirimele, J., 2016. Effects of three motivationally targeted mobile
device applications on initial physical activity and sedentary behavior change in midlife and
older
adults:
a
randomized
trial.
PLoS
One,
11(6),
p.e0156370.
doi: 10.1371/journal.pone.0156370
Kurniawan, S., 2008. Older people and mobile phones: A multi-method investigation.
International
Journal
of
Human-Computer
Studies,
66(12),
pp.889-901.
doi: 10.1016/j.ijhcs.2008.03.002
Lally, P., Van Jaarsveld, C.H., Potts, H.W. and Wardle, J., 2010. How are habits formed:
Modelling habit formation in the real world. European Journal of Social Psychology, 40(6),
pp.998-1009. doi: 10.1002/ejsp.674
Levy, R., 1994. Aging-associated cognitive decline. International Psychogeriatrics, 6(1),
pp.63-68. doi: 10.1017/S1041610294001626
36

Lyons, E.J., Swartz, M.C., Lewis, Z.H., Martinez, E. and Jennings, K., 2017. Feasibility and
acceptability of a wearable technology physical activity intervention with telephone
counseling for mid-aged and older adults: A Randomized Controlled Pilot Trial. Journal of
Medical Internet Research mHealth and uHealth, 5(3). doi: 10.2196/mhealth.6967
Maher, J.P., Sliwinski, M.J. and Conroy, D.E., 2016. Feasibility and preliminary efficacy of
an intervention to reduce older adults’ sedentary behavior. Translational Behavioral
Medicine, 7(1), pp.52–61. doi: 10.1007/s13142-016-0394-8
Mansoubi, M., Pearson, N., Biddle, S.J. and Clemes, S., 2014. The relationship between
sedentary behaviour and physical activity in adults: A systematic review. Preventive
Medicine, 69, pp.28-35. doi: 10.1016/j.ypmed.2014.08.028
Matthews, C.E., Chen, K.Y., Freedson, P.S., Buchowski, M.S., Beech, B.M., Pate, R.R. and
Troiano, R.P., 2008. Amount of time spent in sedentary behaviors in the United States,
2003–2004.
American
Journal
of
Epidemiology,
167(7),
pp.875-881.
doi: 10.1093/aje/kwm390
McAuley, E., Jerome, G.J., Elavsky, S., Marquez, D.X. and Ramsey, S.N., 2003. Predicting
long-term maintenance of physical activity in older adults. Preventive Medicine, 37(2),
pp.110-118. doi: 10.1016/S0091-7435(03)00089-6
McClernon, F.J. and Choudhury, R.R., 2013. I am your smartphone, and I know you are
about to smoke: The application of mobile sensing and computing approaches to smoking
research and treatment. Nicotine & Tobacco Research, 15(10), pp.1651-1654.
doi: 10.1093/ntr/ntt054
McMahon, S.K., Lewis, B., Oakes, M., Guan, W., Wyman, J.F. and Rothman, A.J., 2016.
Older adults’ experiences using a commercially available monitor to self-track their physical
activity. Journal of Medical Internet Research mHealth and uHealth, 4(2) e35.
doi: 10.2196/mhealth.5120
Muellmann, S., Forberger, S., Möllers, T., Bröring, E., Zeeb, H., & Pischke, C. R. (2017).
Effectiveness of eHealth interventions for the promotion of physical activity in older adults:
A systematic review. Preventive Medicine, 18, p.93-110. doi: 10.1016/j.ypmed.2017.12.026
Müller, A.M. and Khoo, S., 2014. Non-face-to-face physical activity interventions in older
adults: a systematic review. International Journal of Behavioral Nutrition and Physical
Activity, 11:35. doi: 10.1186/1479-5868-11-35
Müller, A.M., Khoo, S. and Morris, T., 2016. Text messaging for exercise promotion in older
adults from an upper-middle-income country: randomized controlled trial. Journal of Medical
Internet Research, 18(1) e5. doi: 10.2196/jmir.5235
Nahum-Shani, I., Smith, S.N., Tewari, A., Witkiewitz, K., Collins, L.M., Spring, B. and
Murphy, S., 2014. Just in time adaptive interventions (JITAIs): An organizing framework for
ongoing health behavior support. Methodology Center Technical Report, (14-126).
Nahum-Shani, I., Smith, S.N., Spring, B.J., Collins, L.M., Witkiewitz, K., Tewari, A. and
Murphy, S.A., 2016. Just-in-Time Adaptive Interventions (JITAIs) in mobile health: key

37

components and design principles for ongoing health behavior support. Annals of
Behavioral Medicine, pp.1-17. doi: 10.1007/s12160-016-9830-8
Nahum-Shani, I., Hekler, E.B. and Spruijt-Metz, D., 2015. Building health behavior models
to guide the development of just-in-time adaptive interventions: A pragmatic framework.
Health Psychology, 34(S), p.1209-1219. doi: 10.1037/hea0000306
O'brien, T., Troutman-Jordan, M., Hathaway, D., Armstrong, S. and Moore, M., 2015.
Acceptability of wristband activity trackers among community dwelling older adults. Geriatric
Nursing, 36(2), pp.S21-S25. doi: 10.1016/j.gerinurse.2015.02.019
Ofcom (2015) Adults’ media use and attitudes. Available at: https://www.ofcom.org.uk/__
data/assets/pdf_file/0014/82112/2015_adults_media_use_and_attitudes_report.pdf
(Accessed: 30 March 2017).
Olanrewaju, O., Kelly, S., Cowan, A., Brayne, C. and Lafortune, L., 2016. Physical Activity
in Community Dwelling Older People: A Systematic Review of Reviews of Interventions and
Context. PloS One, 11(12), p.e0168614.doi: 10.1371/journal.pone.0168614
Owen, N., Healy, G.N., Matthews, C.E. and Dunstan, D.W., 2010. Too much sitting: the
population-health science of sedentary behavior. Exercise and Sport Sciences Reviews,
38(3), p.105-113. doi: 10.1097/JES.0b013e3181e373a2
Parker, S.J., Jessel, S., Richardson, J.E. and Reid, M.C., 2013. Older adults are mobile too!
Identifying the barriers and facilitators to older adults’ use of mHealth for pain management.
BMC Geriatrics, 13(1), p.43. doi: 10.1186/1471-2318-13-43
Patrick, K., Hekler, E.B., Estrin, D., Mohr, D.C., Riper, H., Crane, D., Godino, J. and Riley,
W.T., 2016. The pace of technologic change: Implications for digital health behavior
intervention research. American Journal of Preventive Medicine, 51(5), pp. 816–824.
doi: 10.1016/j.amepre.2016.05.001
Peddie, M.C., Bone, J.L., Rehrer, N.J., Skeaff, C.M., Gray, A.R. and Perry, T.L., 2013.
Breaking prolonged sitting reduces postprandial glycemia in healthy, normal-weight adults:
a randomized crossover trial. The American Journal of Clinical Nutrition, 98(2), pp.358-366.
doi: 10.3945/ajcn.112.051763
PEW Research Centre (2017) Mobile Fact Sheet. Available at: http://www.pewinternet.org/
fact-sheet/mobile/ (Accessed: 30 March 2017).
Reinwand, D.A., Schulz, D.N., Crutzen, R., Kremers, S.P. and de Vries, H., 2015. Who
follows ehealth interventions as recommended? A study of participants' personal
characteristics from the experimental arm of a randomized controlled trial. Journal of
Medical Internet Research, 17(5), e115. doi: 10.2196/jmir.3932
Reis, R.S., Salvo, D., Ogilvie, D., Lambert, E.V., Goenka, S., Brownson, R.C. and Lancet
Physical Activity Series 2 Executive Committee, 2016. Scaling up physical activity
interventions worldwide: stepping up to larger and smarter approaches to get people
moving. The Lancet, 388(10051), pp.1337-1348. doi: 10.1016/S0140-6736(16)30728-0

38

de Rezende, L.F.M., Rey-López, J.P., Matsudo, V.K.R. and do Carmo Luiz, O., 2014.
Sedentary behavior and health outcomes among older adults: a systematic review. BMC
Public Health, 14(1), p.333. doi: 10.1186/1471-2458-14-333
Riley, W.T., Serrano, K.J., Nilsen, W. and Atienza, A.A., 2015. Mobile and wireless
technologies in health behavior and the potential for intensively adaptive interventions.
Current Opinion in Psychology, 5, pp.67-71. doi: 10.1016/j.copsyc.2015.03.024
Rosenberg, D.E., Gell, N.M., Jones, S.M., Renz, A., Kerr, J., Gardiner, P.A. and Arterburn,
D., 2015. The feasibility of reducing sitting time in overweight and obese older adults.
Health Education & Behavior, 42(5), pp.669-676. doi: 10.1177/1090198115577378
Rowe, J.W., 2015. Successful
doi: 10.1162/DAED_a_00325

aging

of

societies.

Daedalus,

144(2),

pp.5-12.

Rutten, G.M., Savelberg, H.H., Biddle, S.J. and Kremers, S.P., 2013. Interrupting long
periods of sitting: good STUFF. International Journal of Behavioral Nutrition and Physical
Activity, 10(1), p.1. doi: 10.1186/1479-5868-10-1
Sargent-Cox, K.A., Butterworth, P. and Anstey, K.J., 2014. Role of physical activity in the
relationship between mastery and functional health. The Gerontologist, 55(1), pp. 120–131.
doi: 10.1093/geront/gnu042
Silveira, P., van de Langenberg, R., van het Reve, E., Daniel, F., Casati, F. and de Bruin,
E.D., 2013. Tablet-based strength-balance training to motivate and improve adherence to
exercise in independently living older people: a phase II preclinical exploratory trial. Journal
of Medical Internet Research, 15(8), p.e159. doi: 10.2196/jmir.2579
Smith, G.L., Banting, L., Eime, R., O’Sullivan, G. and van Uffelen, J.G., 2017. The
association between social support and physical activity in older adults: a systematic
review. International Journal of Behavioral Nutrition and Physical Activity, 14(1), p.56.
doi: 10.1186/s12966-017-0509-8
Södergren, M., 2013. Lifestyle predictors of healthy ageing in men. Maturitas, 75(2),
pp.113-117. doi: 10.1016/j.maturitas.2013.02.011
Sparling, P.B., Howard, B.J., Dunstan, D.W. and Owen, N., 2015. Recommendations for
physical activity in older adults. BMJ, 350, h100. doi: 10.1136/bmj.h100
Spijker, J. and MacInnes, J., 2013. Population ageing: the timebomb that isn’t. BMJ, 347,
pp.f6598-f6598. doi: 10.1136/bmj.f6598
Spruijt-Metz, D. and Nilsen, W., 2014. Dynamic models of behavior for just-in-time adaptive
interventions. IEEE Pervasive Computing, 13(3), pp.13-17. doi: 10.1109/MPRV.2014.46
Spruijt-Metz, D., Hekler, E., Saranummi, N., Intille, S., Korhonen, I., Nilsen, W., Rivera,
D.E., Spring, B., Michie, S., Asch, D.A. and Sanna, A., 2015. Building new computational
models to support health behavior change and maintenance: new opportunities in
behavioral
research.
Translational
Behavioral
Medicine,
5(3),
pp.335-346.
doi: 10.1007/s13142-015-0324-1

39

Stamatakis, E., Ekelund, U. and Wareham, N.J., 2007. Temporal trends in physical activity
in England: the Health Survey for England 1991 to 2004. Preventive Medicine, 45(6),
pp.416-423. doi: 10.1016/j.ypmed.2006.12.014
Statistica (2016) UK: smartphone ownership by age from 2012-2016. Available at: https://
www.statista.com/statistics/271851/smartphone-owners-in-the-united-kingdom-uk-by-age/
(Accessed: 30 March 2017).
Sun, F., Norman, I.J. and While, A.E., 2013. Physical activity in older people: a systematic
review. BMC Public Health, 13(1), p.449. doi: 10.1186/1471-2458-13-449
Thomas, J. G., & Bond, D. S. (2015). Behavioral response to a just-in-time adaptive
intervention (JITAI) to reduce sedentary behavior in obese adults: Implications for JITAI
optimization. Health Psychology, 34(S), 1261. doi: 10.1037/hea0000304
Thompson, W.G., Kuhle, C.L., Koepp, G.A., McCrady-Spitzer, S.K. and Levine, J.A., 2014.
“Go4Life” exercise counseling, accelerometer feedback, and activity levels in older people.
Archives
of
Gerontology
and
Geriatrics,
58(3),
pp.314-319.
doi: 10.1016/j.archger.2014.01.004
United Nations, Department of Economic and Social Affairs, Population Division (2013)
World Population Ageing 2013. New York, USA: United Nations Publications.
Van Dantzig, S., Geleijnse, G. and van Halteren, A.T., 2013. Toward a persuasive mobile
application to reduce sedentary behavior. Personal and Ubiquitous Computing, 17(6),
pp.1237-1246. doi: 10.1007/s00779-012-0588-0
Van der Ploeg, H.P., Chey, T., Korda, R.J., Banks, E. and Bauman, A., 2012. Sitting time
and all-cause mortality risk in 222 497 Australian adults. Archives of Internal Medicine,
172(6), pp.494-500. doi: 10.1001/archinternmed.2011.2174
Van Dyck, D., Plaete, J., Cardon, G., Crombez, G. and De Bourdeaudhuij, I., 2016.
Effectiveness of the self-regulation eHealth intervention ‘MyPlan1. 0.’on physical activity
levels of recently retired Belgian adults: a randomized controlled trial. Health Education
Research, 31(5), pp. 653–664. doi: 10.1093/her/cyw036
van Stralen, M.M., De Vries, H., Mudde, A.N., Bolman, C. and Lechner, L., 2009.
Determinants of initiation and maintenance of physical activity among older adults: a
literature
review.
Health
Psychology
Review,
3(2),
pp.147-207.
doi: 10.1080/17437190903229462
Vandelanotte, C., Müller, A.M., Short, C.E., Hingle, M., Nathan, N., W illiams, S.L., Lopez,
M.L., Parekh, S. and Maher, C.A., 2016. Past, present, and future of eHealth and mHealth
research to improve physical activity and dietary behaviors. Journal of Nutrition Education
and Behavior, 48(3), pp.219-228. doi: 10.1016/j.jneb.2015.12.006
Vogel, T., Brechat, P.H., Leprêtre, P.M., Kaltenbach, G., Berthel, M. and Lonsdorfer, J.,
2009. Health benefits of physical activity in older patients: a review. International Journal of
Clinical Practice, 63(2), pp.303-320. doi: 10.1111/j.1742-1241.2008.01957.x

40

Vroman, K.G., Arthanat, S. and Lysack, C., 2015. “Who over 65 is online?” Older adults’
dispositions toward information communication technology. Computers in Human Behavior,
43, pp.156-166. doi: 10.1016/j.chb.2014.10.018
Warner, L.M., Wolff, J.K., Ziegelmann, J.P., Schwarzer, R. and Wurm, S., 2016. Revisiting
self-regulatory techniques to promote physical activity in older adults: null-findings from a
randomised
controlled
trial.
Psychology & Health, 31(10), pp.1145-1165.
doi: 10.1080/08870446.2016.1185523
World Health Organization (2010) Global recommendations on physical activity for health.
Geneva, Switzerland.
Zhou, J., Rau, P.L.P. and Salvendy, G., 2014. Age-related difference in the use of mobile
phones. Universal Access in the Information Society, 13(4), pp.401-413.
doi: 10.1007/s10209-013-0324-1
Zhou, J., Rau, P.L.P. and Salvendy, G., 2014. Older adults’ use of smart phones: an
investigation of the factors influencing the acceptance of new functions. Behaviour &
Information Technology, 33(6), pp.552-560. doi: 10.1080/0144929X.2013.780637
Ziegelmann, J.P. and Knoll, N., 2015. Future directions in the study of health behavior
among older adults. Gerontology, 61(5), pp.469-476. doi: 10.1159/000369857

41

Appendix
Appendix 1: Draft JITAI

Distal outcome

Proximal
outcome

Tailoring variables

Intervention options

Decision
points

Decision rules

Regular
interruptions of
prolonged sitting
with
light
physical activity

Number
of
breaks
during
prolonged
sitting over a
day

Tailoring variable 1: Accumulated
sitting
time
measured
with
smartphone
accelerometer/inclinometer, and/or
wearable activity tracker.

Intervention
Option
1
(delivered via text message):
Provide prompt to encourage
standing up to do some light
movements for a brief period.
Highlight immediate benefit of
doing this and provide activity
ideas.

Time interval
for decision
points: From
5pm
until
9pm.

Decision rule 1: If current
accumulated sitting time < 30
minutes Then, Intervention Option
3.

Tailoring variable 2: Location of the
individual
measured
with
smartphone GPS.
Tailoring variable 3: Time of the day
measured with smartphone clock.
Tailoring variable 4: Frequency of
support prompts per day.
Tailoring variable 5: Response to
previous support prompts.

Intervention
Option
2
(delivered via text message):
Provide feedback on previous
(positive) response to support
prompt.
In
addition,
encouragement to stand up
and move for brief period.
Intervention Option 3: Provide
nothing.

Decision rule 2: If current
accumulated sitting time ≥ 30
minutes, and {location at home =
No} Then, Intervention Option 3.
Decision rule 3: If current
accumulated sitting time ≥ 30
minutes, and {location at home =
Yes, time of the day 5pm to 9pm =
No} Then, Intervention Option 3.
Decision rule 4: If current
accumulated sitting time ≥ 30
minutes, and {location at home =
Yes, time of the day 5pm to 9pm =
Yes, first support prompt of day =
Yes} Then, Intervention Option 1.
Decision rule 5: If current
accumulated sitting time ≥ 30
minutes, and {location at home =
Yes, time of the day 5pm to 9pm =
Yes, first support prompt of day =
No, second or third support prompt
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Distal outcome

Proximal
outcome

Tailoring variables

Intervention options

Decision
points

Decision rules
of day = No} Then, Intervention
Option 3.
Decision rule 6: If current
accumulated sitting time ≥ 30
minutes, and {location at home =
Yes, time of the day 5pm to 9pm =
Yes, first support prompt of day =
No, second or third support prompt
of day = Yes, active sitting break
following previous prompt = No}
Then, Intervention Option 1.
Decision rule 7: If current
accumulated sitting time ≥ 30
minutes, and {location at home =
Yes, time of the day 5pm to 9pm =
Yes, first support prompt of day =
No, second or third support prompt
of day = Yes, active sitting break
following previous prompt = Yes}
Then, Intervention Option 2.
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Appendix 2: Rapid systematic review on JITAIs targeting physical
activity or sedentary behaviour in older adults
We conducted a systematic search in Web of Science to identity JITAI studies that targeted
physical activity or sedentary behaviour in older adults. The search was limited to papers
written in English published between 2008 and 21 st March 2017. Due to the novelty of
JITAIs we do not expect that there are studies prior to 2008. Also Nahum-Shani and
colleagues (2014) suggested that the earliest JITAI study targeting physical activity was
published in 2008 (Consolvo et al., 2008). We conducted title, abstract and keyword
searches using the following terms (with the appropriate truncations):
•

Group a) JITAI, just-in-time adaptive intervention, intensively adaptive intervention,
adaptive intervention, in the moment

•

Group b) physical activity, motor activity, outdoor activity, exercise, physical
exercise, walk, sport, active transport, sit, sedentary, active commuting

•

Group c) older adult, elderly, senior, retiree, pensioner, older people, older person,
aged

To identify additional studies, we hand searched reference lists of relevant publications and
conducted forward and backward citation tracking.
Our search identified 20 potentially relevant titles of which 19 were not included because
they did not describe a JITAI for PA and/or sedentary behaviour. One study reported on a
JITAI for physical activity promotion in adults. However, as older adults were part of the
JITAI and the mean age of study participants was 48 years we decided to include this study
(Bond et al., 2014). In addition, our hand search resulted in two other study that were
included in the review (King et al., 2013, 2016).
Bond and colleagues (2014) targeted the interruption of sitting time with light physical
activity in 30 overweight and obese adults. They used a smartphone accelerometer to
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measure sedentary time. The collected data was for the research participants to monitor
their sedentary time with an application. Audible prompts encouraging active breaks of 3, 6
and 12 minutes were delivered when prolonged sitting of 30, 60 or 120 minutes was
detected. Positive reinforcement was provided if participants interrupted their sitting time.
Sitting time reduced (6%) and physical activity increased significantly following the JITAI.
Encouraging shorter breaks (3 minutes) after shorter periods of prolonged sitting (30
minutes) was most effective.
King and colleagues (2013) developed three smartphone applications to increase physical
activity and reduce sedentary behaviour in 68 older adults (mean age 59 years). They used
the inbuilt accelerometer to collect physical activity and sedentary behaviour data. This data
was used to provide just in-time feedback which participants could actively access (in
contrast to passive receipt of support). The applications differed in the way they delivered
behaviour change support: analytical app, social app, affective app. At the end of the 8week intervention within-group analysis revealed that physical activity increased and
sedentary time decreased significantly (irrespective of the app that was used). Participants
were also highly satisfied with the intervention and reported that they would also use the
apps for longer. This was confirmed in their latest study where the social app had the
greatest impact on physical activity and sedentary behaviour (King et al., 2016).
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