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Abstract

Laura Lamming

Characteristics and quality of physical activity apps which provide feedback

on user affect

A systematic review and evaluation of public and academic apps

Keywords: Physical Activity, Exercise, Behaviour Change, App, Smartphone, Mood,
Affect, Emotion, Quality

Despite its benefits to both physical and mental health, physical activity
levels worldwide remain low and new solutions for behaviour change must
be sought. Smartphone apps are extremely popular and prevalent across the
population, however their quality is still questionable. Physical activity
produces an acute ‘feel good’ effect and intervention designers should
consider the role that affect (mood) plays in uptake and maintenance of
behaviours. It is timely to examine the use of affect as a motivator for
physical activity, using new tools that allow real-time capture of both affect
and physical activity (smartphones). The existence, characteristics and
guality of physical activity apps that provide feedback on affect were

explored in this thesis.

A mixed methods approach, comprising a systematic review (study 1) and a
systematic evaluation (study 2) was taken. Data collection methods included
both quantitative and qualitative assessments, using pre-existing and fit-for-

purpose tools.

Twenty-two physical activity apps that provided feedback on affect were
identified. Apps often failed to target groups most at risk of poor physical

activity levels. Feedback on affect was performed in a variety of ways.



Quality of apps, based on 13 criteria, was mixed. Recommendations are
made for researchers, app developers and funders, including the need for
development of high quality physical activity apps incorporating and
emphasising affective benefits, consideration of archiving processes for
developed apps once development ceases, and collaboration between

researchers, developers and users when designing apps.
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Glossary of terms

Affect - short-lived feelings, both positive and negative.

Literature-based apps — apps that were identified within the literature-base,
most likely developed primarily by academics with some support from app
developers.

Public apps — apps that were identified from the public app stores including
Google Play and the Apple App store. Most likely developed by commercial

companies.
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1. Background

“Psychology and humanity can progress without considering emotion—about

as fast as someone running on one leg.” (Russell, 2003, p. 145)

This chapter will provide an overview of physical activity and why it should be
addressed. It will also describe evidence from previous attempts to change
physical activity levels and propose that apps might be a good alternative
approach. In particular, it will propose why using affect to do so could be
effective and beneficial, reporting both evidence and theories to that effect.
Finally, it will summarise the evidence for physical activity apps in general,
current evidence for apps that provide feedback on affect and describe the

research questions and approach of this thesis.

1.1 What is physical activity?

Physical activity (PA) is a complex behaviour. Before addressing the
background and rationale for the following programme of work, the nature
and definition of PA will briefly be described.

1.1.1 What is physical activity and why not exercise?
The terms “physical activity” and “exercise” have often been used

interchangeably, but efforts have been made to distinguish between them
(Caspersen et al., 1985). Exercise typically refers to scheduled, repetitive,
purposeful activity, either for pleasure, or for the sake of becoming or staying
fit and healthy (e.g. going to the gym, going for a run, playing a sport) (e.g.
Caspersen et al., 1985). In contrast, while PA includes exercise (Caspersen
et al., 1985), it also includes everyday activities such as walking to work or
cleaning the house (World Health Organisation, 2010, 2018). Physical

activity is the focus of this thesis.

Formally, physical activity has been defined as: “any bodily movement

produced by skeletal muscles that results in energy expenditure” and can

1



include “sports, conditioning exercises, household tasks...and other
activities” (Caspersen et al., 1985, p. 127-128). Physical activity rather than
exercise has been chosen for the focus of this thesis due to the range of
acknowledged potential barriers associated with more structured exercise.
Barriers include cost and being able to easily access equipment or services
based on their proximity (Dishman et al., 1984; Sallis et al., 1997; Schutzer
and Graves, 2004; Trost et al., 2002). Cultural barriers related to mixed-sex
facilities (e.g. Lawton et al., 2006), and evidence that characteristics of
activities can be less appealing or effective, are also mentioned in the
literature (Dishman and Buckworth, 1996). For example, the ability to select
your preferred activity and/or perform at a lower intensity level is associated
with a more positive experience or with more activity (Dishman and
Buckworth, 1996; Martinez et al., 2015; Parfitt and Gledhill, 2004; Trost et al.,
2002; Zenko et al., 2016), which more structured exercise can restrict - the
‘rigidity’ of exercise programmes can be seen as a disincentive (Schneider et
al., 2003). Survey data suggests walking and unstructured physical activities
are popular compared to structured activities (Salmon et al., 2003). While
exercise is often perceived as being a healthy option, general physical
activities such as housework and gardening also contribute to promoting
health and “expend a significant amount of energy” through non-exercise
activity thermogenesis (NEAT) (Fujiki et al., 2008, p. 2). Physical activity
encompasses many additional activities. A recent Health Survey for England
reported the prevalence of such activities being carried out by adults, with
46% of respondents performing PA consisting of housework, 25% manual
work, gardening, or DIY, and 47% walking (NHS Digital, 2017).

1.1.2 How much physical activity is enough?

The World Health Organisation (World Health Organisation, 2010) and UK
Chief Medical Officer (Department of Health and Social Care, 2019) provide
recommendations for PA for a range of age groups. However, as the current
thesis will focus on adults, those are the guidelines that will be reported and
typically referred to throughout this thesis unless otherwise specified (see
figure 1 for recommendation and definitions). Amount, frequency and

2



intensity of activity are characterised, all of which are important to incur the

health benefits of physical activity.

Figure 1 UK Chief Medical Officer’s recommendations for adults aged 19-64

Physical activity recommendations for adults aged 19-64 years old

1. For good physical and mental health, adults should aim to be
physically active every day. Any activity is better than none, and more
IS better still.

2. Adults should do activities to develop or maintain strength in the major
muscle groups. These could include heavy gardening, carrying heavy
shopping, or resistance exercise. Muscle strengthening activities
should be done on at least two days a week, but any strengthening
activity is better than none

3. Each week, adults should accumulate at least 150 minutes (2 1/2
hours) of moderate intensity activity (such as brisk walking or cycling);
or 75 minutes of vigorous intensity activity (such as running); or even
shorter durations of very vigorous intensity activity (such as sprinting
or stair climbing); or a combination of moderate, vigorous and very
vigorous intensity activity.

4. Adults should aim to minimise the amount of time spent being
sedentary, and when physically possible should break up long periods
of inactivity with at least light physical activity.(Department of Health
and Social Care, 2019)

Moderate-intensity physical activity: requires a moderate amount of effort
and noticeably accelerates the heart rate.

Vigorous-intensity physical activity: requires a large amount of effort and
causes a rapid breathing and a substantial increase in heart rate. (World
Health Organisation, 2010)

1.2 Why look at physical activity?

1.2.1 We are not physically active

Physical activity is associated with numerous benefits including promotion of
good physical health and prevention of non-communicable diseases (Lee et
al., 2012), good mental health by both maintaining it (Kim et al., 2012) and
facilitating recovery or improvements from conditions such as depression
(Byrne and Byrne, 1993; Cooney et al., 2013; Schuch et al., 2016) and good
quality of life (Anokye et al., 2012; Gill et al., 2013; Pucci et al., 2012).

Despite these benefits, PA levels still remain low, not only nationally (NHS

3




Digital, 2017), but internationally (Hallal et al., 2012). To illustrate, a recent
Health Survey for England (HSE) reported that only 66% of men and 58% of
women met the guidelines for being aerobically active, and only 31% of men
and 23% of women were achieving the recommended levels of muscle-
strengthening activities (NHS Digital, 2017). These data were collected by
guestionnaire and therefore are likely to overestimate the levels of activity
being achieved, thus underestimating the problem. For example, a previous
HSE objectively monitored a subsample of those who completed a
guestionnaire and found that while 39% and 29% of men and women
respectively met the recommendations for PA according to self-report, only
6% of men and 4% of women were achieving the recommendations when

measured using an activity monitor (Joint Health Surveys Unit, 2009).

1.2.2 Population differences in physical activity levels: some people are
more at risk than others of poor physical activity levels

While the problem of inactivity is international, there are variations within the
world’s population. These variations occur both within countries, for example
in the UK, more adults tend to be active in London (65%), compared to the
West Midlands (53%) (NHS Digital, 2017) as well as between countries, for
example inactivity is higher in the Americas than in Southeast Asia (Hallal et
al., 2012). There are also general variations between age groups and
between genders, with activity decreasing with age and males being more
active than females (Cooper et al., 2015; Hallal et al., 2012; Trost et al.,
2002). Within populations, ethnic and socio-economic characteristics are
also associated with variations in activity levels. For example, UK South
Asians are less active than their White counterparts (Williams et al., 2011)
with those with lower incomes typically being less active (Hallal et al., 2012;
Wardle and Steptoe, 2003) and accumulating minutes of activity through
everyday activities and walking rather than leisure-time activity (Ford et al.,
1991). Although activity levels are of concern across the age, ethnicity and
socio-economic spectrum, given the evidence presented, it could be argued
that efforts should be targeted to adults of lower socio-economic status from

non-white ethnicities.



1.2.3 There are health and economic costs of poor levels of physical
activity

Being inactive has been reported as causing 6-10% of the major non-
communicable diseases such as coronary heart disease, type 2 diabetes and
some cancers, has reduced life expectancy and is as dangerous a risk factor

for life expectancy as smoking or obesity (Lee et al., 2012).

Being inactive has poor outcomes both for individuals as well as for the
population and the economy as a whole. In one of the first reports on the
cost of global inactivity, Ding et al., (2016) conservatively estimated that it
cost international health-care systems $53.8 billion in 2013, and in the UK,
$1.8 billion. When indirect costs related to productivity losses from inactivity
related deaths were included, the overall societal cost increased to $67.5
billion and $2.4 billion respectively, in the UK (Ding et al., 2016). Not only do
these healthcare costs represent costs to the public sector ($1.5 billion) but
also the private sector ($0.13 billion) and individual households ($0.17 billion)
(Ding et al., 2016). It's clear that increasing population level activity would be
of financial benefit to both the individual as well as health services.

1.3 Why are physical activity levels so low?

1.3.1 Modifiable and unmodifiable influences impact physical activity
levels

Given the benefits, we must consider why physical activity levels are low.
Barriers to PA have been explored extensively within the literature and are
highly varied. A comprehensive discussion is beyond the scope of this thesis
introduction. However, the barriers can be broadly divided into two
categories, those that are modifiable and those that are not. Unmodifiable
characteristics are those such as age or gender, typically genetically
programmed characteristics, occupation, having children, marital status,
race/ethnicity and many more (Doherty et al., 2017; NHS Digital, 2017; Trost

et al., 2002). Researchers are not in a position to influence these



characteristics ethically or practically, but they can be taken into

consideration when developing and tailoring interventions.

In comparison, modifiable characteristics are those that can be targeted by
PA interventions. They have been quite comprehensively collated in two
reviews of correlates of PA, Trost et al., (2002) and Bauman et al., (2012)
(see papers for full list of characteristics) and one review of sedentary
behaviour that uses the socio-ecological approach to classify factors
(O’Donoghue et al., 2016). They can include individual factors such as
psychological, cognitive or emotional factors (e.g. attitudes, expected
benefits, stress, self-motivation), or behavioural factors such as abilities or
skills, habits, past and current behaviours. Interpersonal characteristics such
as social and cultural factors, or features of the physical environment can
also be included as modifiable factors. Bauman et al., (2012) also cite
regional or national policies and global characteristics that could impact PA
levels and could be classed as modifiable, for example transport systems
and the global media or other megatrends such as urbanisation. Finally, the
type and intensity of the PA is another obviously modifiable characteristic.

1.3.2 Influencing factors are complex

The previous section briefly outlines the range of characteristics that could
influence PA levels, but neglects to capture the complex interplay of multiple
variables and potential for moderating and mediating variables. In addition,
it’s likely that more characteristics and barriers will be found. For example,
the advent of the industrial revolution drastically reduced the amount of
manual labour required, motorised cars reduced travel time activity and the
current phase of the technological revolution promises further reductions in
occupational, domestic and travel-based activity, (Knuth and Hallal, 2009; Ng
and Popkin, 2012), while sedentary behaviour is likely to increase through
high screen time (Duncan et al., 2012). However, it could also be argued that

the current climate crisis may reduce motorised travel.

Using the COM-B model (Michie et al., 2011, 2015), these characteristics

can be summarised into three areas: characteristics related to an individual’'s
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capability, opportunity and motivation to perform the behaviour — physical
activity. With such a range of potential barriers, it starts to become clear why

optimal levels of PA are not more widespread.

1.4 What has been done to solve the problem so far?

Given the range of potential barriers to PA, an equally varied range of
interventions have been created and tested. These can be broadly divided
into population, community or group and individual level approaches (NICE,
2007). However, it’'s important to remember that such approaches can have

an impact at different and multiple levels.

Population level approaches are those that seek change on a large scale,
across many people, and measure that change at the level of the population.
They can include wide-reaching campaigns and involve tools such as
television, radio, print or social media, community activities, websites, school
or worksite components and policy changes among other things (Noar,
2006). For example, This Girl Can is a UK based national initiative developed
in 2015 to encourage girls and women to take part in physical activity (Sport
England, 2015). Group-based interventions - “social or family groups linked
by networks, geographical location or another common factor” (NICE, 2007,
p. 33) - typically involve a number of participants receiving the intervention
together, such as exercise classes, with outcomes at the group level.
Perhaps the most commonly implemented by health researchers, is the
individual level approach. These approaches directly reach out or provide an
intervention to individual people and look for changes in people’s
behaviour/cognitions and so on. They can be delivered in a group-based
context, but unlike group-based approaches, they look for changes within

individuals.

Evidence for the effectiveness of each approach exists, but tends to be
moderate at best, either for the whole intervention, or independent
components, modes of delivery and for different populations (Cavill and
Bauman, 2004; Cleland et al., 2012; Goto et al., 2014; Samdal et al., 2017;
Wakefield et al., 2010; Webb et al., 2010). Each also has its limitations, such
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as the possibility for negative unintended consequences from large-reaching
campaigns — such as desensitisation to health messages, and ‘boomerang’
effects where avoidance strategies start to appear (Cho and Salmon, 2007).
They can also offer a ‘one size fits all’ approach which may not be
appropriate to all participants. Evidence for cost-effectiveness is also
questionable and group-based interventions may include dubious
adaptations of typically individually-targeted content or components
(Hoddinott et al., 2010).

Although there appears to be a dearth of literature that compares these three
approaches, making it difficult to suggest one over the other, the socio-
ecological model suggests that factors at the individual, community, and
population level (intrapersonal, interpersonal, organisational or
environmental, cultural/societal norms, laws and policies) all need targeting
and should not be considered in isolation (McLeroy et al., 1988).
Unfortunately, such a wide-reaching approach must be left to those with the

resources and influence to enact it, which is beyond the scope of this thesis.

1.5 Why hasn’t the problem been solved yet?

Despite successful outcomes at times, low PA is still a problem (Ekkekakis,
2017) and as recently as 2018, the World Health Organisation launched a
programme targeting inactivity at all levels, via policy changes across
countries using a systems-based approach (World Health Organisation,
2018). It could be argued that this programme takes a socio-ecological
approach — targeting not just one level of intervention but all (McLeroy et al.,
1988). The breadth and depth of this programme suggests why some of the
previous approaches to inactivity reduction have not solved the problem. In
particular, the need for wide reach but small changes, evidence-based
practice and engaged and knowledgeable communities and individuals. The
RE-AIM framework, developed to assess the public health impact of
interventions also helps identify potential problems in past approaches,
namely issues of reach, efficacy, adoption, implementation and maintenance
(Glasgow et al., 1999).



1.5.1 The problem of reach

Previous attempts to change behaviour may not have been at a sufficiently
wide-reaching level. Reach could become a problem, even if the intervention
itself is effective, as the real-world introduces potentially unforeseen
obstacles. Not only could the intervention fail to reach individuals in general,
but it could also fail to reach high risk individuals or those most in need,

increasing health inequalities (White et al., 2018).

1.5.2 The problem of effective content

Despite recent debates in the literature and mixed evidence, efficacy of an
intervention is still thought to be related to using evidence-based and/or
theory-based techniques and approaches (McEwan et al., 2018; Prestwich et
al., 2015). Although this is becoming far more common, especially with the
advent of tools such as the behaviour change taxonomy (Michie et al., 2013),
it still remains a problem in areas of behaviour change — for example, many
available apps in the app stores have limited theory-based content in them
(Cowan et al., 2013). Nevertheless, large numbers of the population are

downloading and using these apps (see 1.6.1).

1.5.3 The problems of implementation, adoption and maintenance
Availability of an intervention does not guarantee adoption. Individuals may
find it unacceptable due to cost, mode of delivery, access to resources or
dislike of the person delivering them. Alternatively implementation may be
poor, incorrect or incomplete and intervention fidelity is an evolving area of
focus in research (Moore et al., 2015). Finally, maintenance of the changed
behaviour can be challenging. Many interventions focus on uptake, but this
process is now considered different to that which maintains a behaviour
(Kwasnicka et al., 2016; Stralen, 2011). Therefore, interventions may not be
equipped to promote maintenance, only uptake, resulting in only a short-term

change in activity levels with none of the meaningful longer lasting effects.



1.6 A possible solution: the rise of mHealth
One potential answer to some of the aforementioned issues regarding reach,

efficacy, adoption, implementation and maintenance is the smartphone app.

1.6.1 Smartphones have reach as a mode of delivery

An intervention delivered by a smartphone has the potential to reach a lot of
people, of varying characteristics, and integrates more easily into a user’s
daily life than a computer-based intervention (Gasser et al., 2006). Global
smartphone ownership has been steadily rising since they first hit the market,
with an estimated 2.8 billion users by 2020 (Statista, n.d.), while 71% of UK
adults claimed to own a smartphone as of 2015 (Ofcom, 2015), and more
recent studies suggesting this has risen by at least another 10% (Deloitte,
2016).

Not only do many people own a smartphone, but ownership is also prevalent
across different social, cultural, age and gender variations, suggesting hard
to reach individuals may be captured via their phones. Although recent
surveys suggest there is a ‘demographic digital divide’ worldwide between
young and old, those who are more or less educated and those with lower or
higher incomes, rates of smartphone ownership are still relatively high in all
but the least developed countries (Pew Research Centre, 2017; Poushter,
2016, p.11, p.16, p.20) In addition, it's important to consider that while
ownership may remain low in some groups, the technological revolution is

not slowing in scope or reach.

1.6.2 Smartphones support apps, which combined include many useful
features and sensors for interventions

Mobile apps, or applications, are small software programmes with specialist
functions that can be downloaded and installed specifically onto mobile
devices such as smartphones. Native mobile applications are standalone
programmes that are installed and run directly on the mobile device,

occupying space in the devices memory. Web applications run through any
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web browser rather than from the device directly (e.g. Google Chrome).
Some apps make use of data collected by smartphone sensors. Device
sensors will vary, but could include accelerometers (often found in fithess
trackers, they capture your movement and motion), gyroscopes (helps with
orientation, for example if you tilt your screen), magnetometers (similar to a
compass), Global Positioning Systems or GPS (receives information from
satellites to pinpoint your location and is often used in map apps), not to
mention more specialised sensors that might appear in some devices, for
example many Samsung smartphones now incorporate a heart rate sensor
(Forsblom, 2015). In relation to health, there are additional external sensors

that can interface with mobile devices and apps, for example Fitbit's activity

monitors (Fitbit, n.d.).

1.6.3 Smartphone apps allow for health behaviour monitoring, a
popular technique for behaviour change

Tracking health behaviours is already a popular use for smartphone apps.
Apps (and smartphones) have the ability to collect and collate a vast range of
personalised data. Coined by staff working for Wired magazine in 2007, the
phrase ‘Quantified Self or ‘lifelogging’ as it is also known, refers to “self-
knowledge through numbers” (Quantified Self Institute, n.d.; Wolf, n.d.) or the
idea that we can learn a lot by tracking and measuring things about
ourselves. Evidence from a survey administered by The Pew Research
Centre showed that 69% of American adult responders kept track of some
sort of health indicator either for themselves or for a loved one (Fox and
Duggan, 2013). There’s also evidence that electronic tracking, for example
via electronic diaries, is perceived as easier than paper-based tracking
diaries (Marceau et al., 2007) and has featured in mobile health applications
(if not specifically smartphone applications) as early as 2001 (Fogg, 2003,
p.186). Lifelogging is a self-monitoring activity, for which there is an
established evidence base for behaviour change (Dombrowski et al., 2012;
Greaves et al., 2011; Harkin et al., 2016).
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Shortly after this concept was defined, market leaders Google Play and the
Apple App store opened (2008) and apps became widely available to the
general public. Evidence suggests that many commercial health-related apps
incorporate self-monitoring or tracking of behaviour (Bondaronek et al., 2018;
Mendiola et al., 2015). Apps offer an easy, far reaching opportunity for
members of the general public to learn about themselves by logging their
behaviours in real-time and providing the potential for self-initiated behaviour
change. Using an n-of-one design, apps could facilitate self-experimentation,
allowing for data collection, analysis, and potential behaviour change or self-
management (Choe et al., 2014; Taylor et al., 2018). As such, their potential
for influence on health and wellbeing is substantial.

1.6.4 Smartphones and apps have been recognised for their potential
for facilitating healthy behaviours and supporting health-care

Having a powerful computer at our fingertips, every day, has enabled
changes to communication, education, finance, shopping and leisure among
many other things. Naturally, it has also impacted healthcare and health
management (Steinhubl et al., 2016). As B.J. Fogg writes, “when you pack a
mobile persuasive technology with you, you pack a source of influence”
(Fogg, 2003, p.186). Investigations into the potential of mobile phones for
health promotion, began some time ago (Kaplan, 2006) and the term eHealth
started to be used in academic circles in the early 2000s (Eysenbach, 2001).
The World Health Organisation defines it as ‘the use of information and
communication technologies (ICT) for health” (World Health Organisation,
n.d.). With the availability of apps, and the apparent desire for individuals to
self-monitor health indicators, it is perhaps unsurprising that a new and
prevalent subsegment of eHealth emerged: mHealth (World Health
Organisation, 2012).

Use of technology for healthcare is prevalent and growing. MHealth or
mobile health, is “the use of mobile and wireless technologies to support the
achievement of health objectives” (World Health Organisation, 2011, p. 1).

This can include use of mobile and wireless features such as text messages,
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apps, or phone calls (Brinkel et al., 2014). MHealth approaches have or are
being used in relation to a diverse range of health conditions and issues (e.g.
Brinkel et al., 2014; Naslund et al., 2015; Parker et al., 2013; World Health
Organization, 2011). Evidence is also available to suggest that mobile
phones are highly acceptable for PA promotion (Monroe et al., 2015). The
potential of health apps can be observed by the number and growth of the
Health and Fitness app category in commercial app stores (Saadatfard and
Arsand, 2016; Statista, 2018). While there is a digital divide within health
apps (Bol et al., 2018; Carroll et al., 2017), the number of smartphone users
with health apps is high, with one survey suggesting that a fifth of Northern
American smartphone owners have such an app on their phone (Fox and
Duggan, 2012). More importantly, some survey-based research has shown
an association between health-app use and positive health behaviours and

intentions (Sarcona et al., 2017).

1.6.5 Apps are a potential solution to some existing problems for
physical activity promotion

Given their characteristics and popularity, smartphone apps have the
potential to solve the problem of reach, adoption and maintenance based on
their popularity and proliferation. They also have the potential to include

effective and popular content such as self-monitoring.

Initial development costs can be high, but they are cheap to scale up
(Turner-McGrievy et al., 2017). They will need maintaining, but this should
not require large resources of time or people (definitive evidence could not
be located but various web sources suggest maintenance costs
approximately 15-20% of the development cost annually (Agicent, 2017)).
Cost to the user is also cheap, with many apps being free or low-cost (e.g.
0.99p).

Finally, there is evidence for the benefits of self-management of health, and
for health apps that facilitate self-management of health (Klein et al., 2014;
Maes and Karoly, 2005). Given the shift towards self-management (or
‘Patient Activation’) in the health sector as advocated by the NHS Five Year
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Forward View (National Health Service, 2014), apps are an ideal tool to
support this. For PA, it seems plausible that apps could help facilitate wide-
reaching small self-managed behaviour changes, which could result in the
desired population shift advocated by Geoffrey Rose for public health
intervention (Rose, 1985). This potential is being recognised more and more
(Lathia et al., 2013; Pratt et al., 2012).

1.7 A possible solution: the motivating effects of acute affect

1.7.1 Distal or unobservable beneficial outcomes may not be sufficient
motivators

As previously stated, PA is important for facilitating and maintaining good
physical and mental health (Kim et al., 2012; Lee et al., 2012). Individually
PA can help with changes such as weight loss, blood pressure, or on a
whole-body scale, prevention of non-communicable diseases or conditions.
Focusing on such health outcomes when encouraging behaviour change
seems a ‘logical, optimal motivator” (Segar and Richardson, 2014, p. 840).
Many PA interventions include informing participants of health benefits, or
information on the consequences of their behaviour, typically via leaflets and
often in conjunction with other intervention tools (Gardner and Rebar, 2019;
Harland et al., 1999; King et al., 2008; Michie et al., 2009; Olander et al.,
2013; Pears et al., 2016; Staten et al., 2004) .

A potential problem with using the health benefits of PA as motivators, is that
many of them are difficult, or impossible for the individual to observe (for
example, blood pressure, or prevention of a disease), and other benefits take
a long time to emerge (for example, weight loss, or longer life). It's been
proposed that these distal or unobservable outcomes may pose a problem
for PA promotion (Biddle, 1992, p.179). As Bandura, (1991) posits ‘ Focusing
on the more distal effects of courses of action...may provide little guidance
for the future’, meaning that individuals can’t learn from such outcomes (p.
251). The decision to maintain a behaviour may depend on whether or not
the individual is satisfied with what they have achieved by changing their
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behaviour (Rothman, 2000). If an individual can’t ‘see’ the outcome or can’t
see it soon enough and subsequently perceive to have failed to achieve it,
they may experience a loss of motivation (Guess, 2012). The perception of
failure can also influence self-efficacy, an influential construct that appears in
many behaviour change theories (Michie et al., 2014). A recent study
showed that in-task feedback indicating success increased levels of self-
efficacy, and self-efficacy decreased along with performance when feedback
indicated failure (Achterkamp et al., 2015). Another showed that while longer
term or unobservable goals such as healthy aging (e.g. pain free old-age),
current health (e.g. cholesterol levels) and weight/appearance, were reported
as reasons for exercising, those who exercised to improve daily quality of life
— a shorter-term goal - reported performing more exercise (Segar et al.,
2011). Researchers have started to recognise the need for short as well as
long-term motivation for behaviour change, if only to optimise intervention

design and prevent attrition (Bielik et al., 2012).

1.7.2 There are proximal benefits of physical activity, including positive
affect

There are a number of immediate benefits to being physically active

including improvements in working memory (Hogan and Carstensen, 2013),
metabolism (Melby et al., 1993), and creativity (Oppezzo and Schwartz,
2014). However, individuals may be unaware of these benefits if they are in a
real-world context. For example, the former and latter outcomes were

demonstrated only in lab-based settings.

Despite a recent study being poorly interpreted as showing an association
between high levels of physical activity and poor mental wellbeing (Chekroud
et al., 2018; Stubbs et al., 2018), one established benefit of being physically
active that could be identified by an individual in a real-world context is that it
‘makes you feel good” (Biddle and Mutrie, 2008; Ekkekakis et al., 2013; Fox,
2007, p. 413). The ‘feel good’ element can be operationalised in different
ways. For example, it can reduce symptoms of clinical mental health

disorders such as depression, relieve stress and provide feelings of
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achievement, enthusiasm, enjoyment or pleasantness. However, the
immediate ‘feel good’ element of PA is thought to be short lived —i.e. it fades
the further away the bout of exercise becomes in time (e.g. Bonham et al.,
2018). The immediate feel good effect will be the focus of this thesis.
Increases in positive affect can be recorded during or immediately after being
active (Kwan and Bryan, 2010; Williams et al., 2008). Evidence suggests that
a bout of as little as 10-15 minutes of PA can promote a change in
affect/mood state (Darby et al., 2016; Ekkekakis et al., 2000; Focht, 2009;
Hansen et al., 2001) and that the change in affect can last for at least three
hours (Guérin et al., 2013).

1.7.3 Definitions of affect vary

The Circumplex Model (Russell et al., 1989; Yik et al., 2011) best describes
this immediate ‘feel good’ element as part of core affect, and Russell, (2003,
p. 148) elaborates, describing core affect as ‘primitive, universal and simple’.
Core affect covers both positive and negative feelings, but not distinct moods
(figures 2, 3). Researchers have supported the use of core affect to
investigate the outcome of PA because it captures a range of positive and
negative responses, typically using a single item measure, easy for repeat
administration. In contrast, categorical measures of affect may identify
specific mood states, (which are differentiated from affect as they are often
longer-lasting with less obvious origins (Biddle and Mutrie, 2008, p.166)),
better suited to research participants with clinical mental health disorders
(see summary in Williams, 2008). Affect, rather than mood, is preferred for
the current thesis as it is more relevant in the general population context (see

figures 2 and 3 for further definition of affect relevant to this thesis).

1.7.4 Physical activity can influence affect through various mechanisms
and variables

The complex way in which PA improves affect physiologically is beyond the
scope of this thesis, but a number of suggestions have been discussed in the

literature. Mechanisms include changes in neurotransmitters and endorphins
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Figure 2 Defining affect 1

In the context of this thesis, the term affect refers to short-lived feelings or
‘the [current] conscious experience’, both positive and negative (Russell,
2003, p. 148). The Circumplex model suggests that there are two
dimensions to affect: pleasure-displeasure and arousal-sleepiness and
your state can be anywhere along the dimensions but both will feature.
For example you can be excited (high pleasure and arousal), feel
stressed (low pleasure and high arousal), non-clinically depressed (low
pleasure and sleepy) or relaxed (high pleasure and sleepy) (Russell et al.,
1989). This has subsequently been expanded to a 12 point model with
additional items such as feeling frenzied, distressed, gloomy, sluggish,
tranquil, peaceful, enthusiastic and energetic (Yik et al., 2011), see below.

X
X| Activation |
(e.g., aroused, activated) Pleasant Activation
(e.g., energetic, excited)
Il
Activated Pleasure
(e.g., enthusiastic, elated)

Unpleasant Activation
(e.qg., frenzied, jittery)

X
Activated Displeasure
(e.g., distressed, upset)

1]
Pleasure
(e.g., satisfied, pleased)

IX
Displeasure
(e.g., unhappy, dissatisfied)

Vil
Deactivated Displeasure
(e.g., sad, gloomy)

v
Deactivated Pleasure
(e.g., serene, peaceful)

Vil
Unpleasant Deactivation
(e.g., sluggish, tired)

\"J
Pleasant Deactivation
(e.g., placid, tranquil)

Deactivation
(e.g., quiet, still)

Figure of 12-PAC from Yik et al., 2011, p. 706
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Figure 3 Defining affect 2

Non-clinical affect will be the focus of this thesis. This is because clinical
affective disorders require specialist treatment which is outside the scope
of this work. Although there is evidence to demonstrate the impact of
physical activity on clinical affective disorders, equivalent to the impact of
medication, the focus is not on improving mental health, but improving
physical activity levels. Therefore, when referring to affect it will be non-
clinical.

Although affect is thought to be a simple, state-based component of
emotion and mood, (Yik et al., 2011, Russell 2003), with complex emotion
taking longer to form (Baumeister et al 2007) there has not always been a
distinction made, or clarity provided between these three terms (e.g. see
Russell 2003), and the literature can be confusing. Therefore, where
necessary varied terminology may be allowed (see methods and results
chapters).

Hedonic wellbeing (discussed later) is different to eudaimonic wellbeing -
‘the state of personal well-being in a holistic sense”, according to Aristotle
(Ekkekakis and Dafermos, 2012, p. 303) — in that it looks at increased
pleasure and decreased pain to lead to happiness and measures
subjective well-being, whereas eudaimonia is related more to the idea of
self-realisation. Again, where necessary, both will be allowed due to the
often overlapping use of relevant terminology and measures such as
‘happiness’ (often related to hedonia) and ‘vitality’ (often related to
eudaimonia) as well as the idea that the two are linked (Ryan and Deci,
2001).

The ‘feel good’ element will be primarily described as ‘positive affect’ for
the purposes of this research, and will focus on ‘simple’ feelings (affects)
associated with bouts of PA such as feeling upbeat, enjoyment, feeling
better and so on (e.g. Lox et al. 2000; Hardy & Rejeski 1989; Laverie
1998).

1.7.5 Recognition of affect as a factor in behaviour change is rising
again

While the relationship between PA and affect is likely very complex, so too is
the more pertinent relationship between affect and subsequent PA levels,
this too having potential mediators and moderators such as psychological
need satisfaction and self-efficacy among others (McAuley et al., 2003;

Schneider and Kwan, 2013). Earlier theories and models of behaviour
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change considered humans as rational beings, who made informed
decisions. The poor uptake of PA and other health behaviours in the face of
vast and various methods of promotion suggest that such thinking is
outdated (Ekkekakis, 2017). With previously limited research investigating
the motivational features of affect (Biddle, 1992, 1995; Gauvin and Brawley,
1993), it is subsequently experiencing a resurgence, especially for PA
research (Ekkekakis et al., 2013; Ekkekakis and Dafermos, 2012; Williams,
2008). Recent discussions in the literature call for the inclusion of affect as a
potential influencer for behaviours and a move away from focusing on purely
cognitive mechanisms (Ekkekakis, 2017; Jekauc and Brand, 2017; Lewis et
al., 2017).

1.7.6 There are many theoretical explanations of the relationship
between affect and subsequent physical activity

There are now theories that focus entirely on the role affect plays in
behaviour. Williams (2008) provides an excellent summary of one of these
collections of theories: hedonic theory. Hedonic theory, or the hedonic
principle, has a long history with discussions of the influence of pleasure or
affect appearing in scientific texts from as early as 1789. Despite the
terminology used, it is not limited to a single theory, rather it is the hypothesis
that “behaviour is a function of its affective consequences or anticipation of
its affective consequences” (Williams, 2008, p. 4). Many theories draw on
this hypothesis and therefore, the exact mechanism of effect becomes
complicated. In all likelihood it is a combination and interaction of the

proposed mechanisms described in the various theories.

Kahneman, for example, adheres to the theory that the affective response to
a behaviour defines its perceived usefulness, and thus whether it will be
performed again, (Williams, 2008). Other theories look at anticipated affect
(AA) a type of affective attitude, defined as ‘the affect that is expected to be
experienced’ (Sala et al., 2016). The Response Expectancy Theory and the
Expected Pleasure Theory both suggest that AA determines enactment of a

behaviour and also propose a link between AA and actual affective
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response. The latter theory suggests that the actual affective response to a
behavioural outcome is dependent on the individual’s perception that the
outcome will occur, as well as the perceived value of the outcome (see figure
4 for an example of how these factors may interact to influence PA as
described). Here we can begin to understand how a difficult to observe
physiological outcome such as weight loss or reduced blood pressure, could
result in low affect if the value is perceived as high (e.g. weight loss), but the
perception of the outcome occurring is low (e.g. weight loss doesn’t happen
quickly, so it could be perceived as unlikely to occur). Subsequently AA could

be low, resulting in reduced engagement with the programme of exercise.

Figure 4 Potential mechanisms of effect between affect and physical activity

Perceived
usefulness or
PA value
induced
affect | Perception that Physical
desired activity
’ outcome will
E ) occur
Anticipated
Affect

Baumeister et al., (2007) uses the hedonic principle to suggest that emotion
can work both directly and indirectly to influence behaviour. The direct
approach is supported by a range of theories, including in particular,
evolutionary and social theories, and suggests that emotion ‘drives’ active
behaviour for the betterment of the individual. An example being causing
arousal to better assist in fight or flight behaviours. In contrast, the indirect
pathway proposes that previous and current affect influence behaviour as a
feedback mechanism (see figure 5 for a simplified illustration of the indirect
pathway). The theory appears related to principles of associative learning
(e.g. operant conditioning) and the law of effect, with a behaviour (physical
activity) and a consequence (affect) becoming associated, prompting that
behaviour to be performed (or not) in future (Skinner, 1938; Thorndike,
1898).
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Figure 5 lllustration of indirect pathway between affect and physical activity
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activity activity

*Stored left-over affect from previously performing the behaviour

Williams (2008) proposed his own model of how exercise-induced affect
could influence future behaviour, by combining both hedonic principles and
the dual-mode model to incorporate affective, cognitive and physiological
influences (see figure 6).

Figure 6 Williams 2008 model of self-paced exercise, affective response, and exercise
adherence
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Anticipated Affective
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Program

Interoceptive Factors
(e.g., Ventilatory Drive,
Lactate, Muscle pH)

Figure reproduced from (Williams, 2008)
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1.8 What evidence is there that affect might promote physical activity?

1.8.1 There’s a variety of evidence that shows affect could influence
physical activity levels or intentions to be active

Irrespective of how PA improves affect and how affect influences behaviour,
there is evidence to suggest that positive affect in general can predict or is
associated with future participation in PA or intentions to be active. For
example, general affect is associated with subsequent free living PA (Garcia
and Archer, 2014; Liao et al., 2015; Schondube et al., 2016) and affective
evaluations of exercise are associated with subsequent activity (Brand and
Antoniewicz, 2011). Affective judgements (‘reflections or expectations about
the overall pleasure/displeasure, enjoyment and feeling states expected from
enacting [a behaviour]’ (Rhodes et al., 2019, p. 19)), anticipatory affective
gains (knowledge of the affective outcomes from being active), and
interventions that seek to manipulate them are associated with PA behaviour
change, although only a small-to-medium effect size was found for the
former (Rhodes et al., 2019; Rhodes and Quinlan, 2015; Sirriyeh et al.,
2010).

When looking at PA-induced affect specifically, there is evidence of an
association both in inactive, or not completely inactive, adults (Kwan and
Bryan, 2010; Liao, 2015; Williams et al., 2008, 2012). One study also
reported that an increase in positive affect induced by a walk as brief as 10
minutes was strongly and positively correlated with future intentions to be
active in sedentary, obese women (Focht, 2013). Although more important to
active individuals, qualitative and survey data suggest that positive affect is
an acknowledged motivator for participation in PA (Aaltonen, Kujala, et al.,
2014; Aaltonen, Rottensteiner, et al., 2014; Hardy and Grogan, 2009;
Laverie, 1998), while inactive students have requested PA promotion apps
with the ability to monitor feelings (Middelweerd et al., 2015). A recent review
of the literature reported that positive affect experienced during exercise was
associated with subsequent PA, but failed to find an effect for post-exercise
affect (Rhodes and Kates, 2015).
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1.8.2 There are limitations and gaps in the literature

Evidence comes predominantly from lab-based studies of structured
exercise-induced positive affect (e.g. running on a treadmill). These are
useful for proof of concept work demonstrating the effect in controlled
conditions, but may not reflect real-world experiences. In addition, such
structured activities may be less favourable to inactive individuals for a range
of reasons such as intensity and type, as well as social aspects such as
being watched by other exercisers or feeling negative about their body. It's
less clear whether there is a body of literature demonstrating the impact of
positive affect induced by free-living PA (e.g. walking as active travel or for

leisure) on free-living PA levels and intentions.

In addition and of importance, is that many of the studies were not looking to
promote PA. They were looking to identify and clarify the hypothesised
relationship between physical activity-induced affect and subsequent PA.
Therefore it could be argued that the observed association between PA-
induced immediate affect and PA in a free-living environment is an

unexplored avenue for experimental research into PA promotion.

1.8.3 Using affect to promote physical activity may require a range of
techniques

The acute affective benefits of PA are not necessarily as well known as the
physical benefits. Although some evidence suggests that the public are
aware of the affective benefits associated with being active, (Murray, 2006;
Reavley and Jorm, 2012), this awareness does not appear to be sufficient to
motivate behaviour change. In addition, individuals from more deprived areas
may be less convinced of the benefits of PA (Murray, 2006) and while those
of lower socioeconomic status may be less aware of recommended levels of
activity to begin with, let alone benefits (Knox, Esliger, et al., 2013), the use
of such thresholds in promotion may not be beneficial for understanding its
health benefits anyway (Knox, Webb, et al., 2013). Evidence suggests that
positive perceptions of the health benefits of PA can help moderate
perception of barriers to being active and facilitate exercise (Mcguire et al.,
2016). Therefore it seems that in the first instance awareness of the links

between activity and affect need to be raised (as advocated in the literature
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Informed by learning from behaviour change experts and studies mentioned
above, if the association between exercise and exercise-induced acute affect
could be highlighted to participants, using their own personal experiences, it
may serve to promote future activity levels. Like early self-quantification
research suggests (see summary in introduction of Maltseva and Lutz,
2018), one promising mode of delivery that is already popular for self-
monitoring, and could enable measurement of PA and affect as well as
personalised feedback, potentially highlighting the association, is the
aforementioned smartphone app. This results in the first two questions for

this thesis:

RQ1: Are there any physical activity apps that include feedback on
immediate affect (mood) to facilitate behaviour change?

RQ2: What are the characteristics and content of physical activity apps that
include feedback on immediate affect, including both apps developed for/by
researchers and publicly available apps (commerical apps) in the app

stores?

1.9 What evidence is there for physical activity apps that provide

feedback on affect?

1.9.1 There are many physical activity promotion apps, but it’s less
clear how many apps there are that provide feedback on affect

Apps for PA promotion are multitudinous. A review of the iTunes App store
(which is now the Apple App Store) from 2012, reported that PA, personal
health and wellness and healthy eating apps were more common than apps
for substance abuse, emotional health, safety and sexual/reproductive health
(West et al., 2012). Orcha, a website that reviews health apps, reports that
as of 2018 there are approximately 327,000 apps in the health and fithess
category across app stores (www.orcha.co.uk), therefore the number of PA
promotion apps either focusing only on this behaviour, or included as part of

a lifestyle app, is likely to be very high.
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1.9.2 Evidence for the effectiveness of physical activity apps is modest
and may be hampered by usage

While evidence for PA apps providing feedback on affect is limited, there has
been a lot of research into PA apps in general. A number of reviews exist
that explore the effectiveness of apps for behaviour change and suggest that

while promising, evidence is still modest at best.

Some reviews report findings in support of the use of mobile devices in
general for PA promotion, (Fanning et al., 2012; Muntaner et al., 2015).
Smartphone apps have also been assessed alongside text messaging
interventions, but they were still in the minority and no effect for PA was
observed (Stephens and Allen, 2013). Other reviews looked at apps
independently, with some reporting only modest or limited effects of apps for
PA promotion (Bort-Roig et al., 2014; Coughlin et al., 2016; Martinez-Garcia
et al., 2017) and another reporting evidence for a non-significant
improvement in PA (Mateo et al., 2015). Finally, one review suggested that
there is evidence for their effectiveness across a range of behaviours (Zhao
et al., 2016). This included one app that focused on increasing PA alone and

two that included PA promotion as part of a general lifestyle intervention.

Effectiveness may be impacted by usage. If public apps are being developed
for profit, it’s likely that usage is a key priority for developers. As common-
sense would predict, there is evidence that usage of a digital intervention (in
this case a website) is linked with intervention effectiveness (Alexander et al.,
2010) and that usage can be influenced by many intervention components
(see text messaging intervention by Redfern et al., 2016). Usage, or
engagement, with digital interventions is thought to be a complex process,
with multiple facets including temporal, behavioural, experiential and state-
like characteristics (Perski et al., 2017), making it easy to see how
effectiveness could be affected by how it is promoted or manipulated within
an app. In addition, measurement of user engagement or usage has
previously been limited, calling for new ways to measure and report these

outcomes (Miller et al., 2018).
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1.9.3 The quality of physical activity apps is questionable and
assessments of quality appear limited to certain characteristics

The quality of public apps for behaviour change has started to be evaluated
by researchers and the consensus is that there is still much to be desired.
For example, reviews of weight management and PA apps concluded that
there is minimal use of evidence-based strategies or public health exercise
targets, minimal theoretical content, apps are of average quality and
information quality was typically poor (Bardus et al., 2016; Breton et al.,
2011; Cowan et al., 2013; Knight et al., 2015; Pagoto et al., 2013). In
contrast, there’s evidence that PA apps tended to use the same behaviour
change techniques (BCTs) used most frequently in other PA interventions,
suggesting a degree of evidence-based content (Middelweerd et al., 2014).
However, another review found that PA and dietary apps that included BCTs
associated with effectiveness were more likely to feature in paid apps (Direito
et al., 2014), suggesting along with Cowan et al., (2013) that better quality
apps may only be available to those willing and able to afford them. Aside
from content are also the questions of privacy, development quality and
usability. Although fewer reviews examine these and findings are not overly
positive, they are starting to gain recognition as factors that could influence
intervention success (Bielik et al., 2012; Bondaronek et al., 2018). This leads

to the third research question:

RQ3: What is the quality of physical activity apps that provide feedback on

immediate affect?

There are now recommendations to focus more on such elements of quality
in general (Mateo et al., 2015; Monroe et al., 2015; Roberts et al., 2017;
Rose et al., 2017). However, as Freeman et al., (2017) suggest in their
pleasingly titled paper ‘Why the public health sector couldn’t create Pokémon
Go’, (an app-based game where users were inadvertently active due to the
need to travel to catch mythical animals), researchers and public health
officials are likely to come at app design from a very different perspective to
app developers, take longer to develop an app, use techniques that may
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have reduced in popularity by the time efficacy is established and advertise
the app poorly. Even Public Health England now recognise and encourage
multi-disciplinary approaches when applying behavioural and social sciences
to improving health (Public Health England, 2018). Therefore, it is important
to learn from both the existing literature (involving behaviour change experts)
as well as existing commercial (public) apps (involving expert developers) to
determine the characteristics and quality of the apps of interest in order to
make informed and comprehensive recommendations. To that end, both a
systematic review of the existing literature and an evaluation of existing
publicly available apps available in app stores will be conducted in order to

address the compiled research aims, questions and objectives.

1.10 Aims, research questions and objectives
Aim: To assess the characteristics and quality of apps that use feedback on
affect to promote physical activity

Research questions:

1. Are there any physical activity apps that include feedback on
immediate affect (mood) to facilitate behaviour change?

2. What are the characteristics and content of physical activity apps that
include feedback on immediate affect, including both apps developed
for/by researchers and publicly available apps (commercial apps) in
the app stores?

3. What is the quality of these physical activity apps that provide

feedback on immediate affect?
Objectives:

1. A systematic review of literature of physical activity smartphone apps
that include feedback on affect will be conducted to determine
evidence from a research context (which should prioritise evidence-
based content).

2. An evaluation of publicly available smartphone apps will be conducted

to determine evidence from a real-world context (which typically
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2. Methodological approach

2.1 Introduction to chapter

The following chapter will outline the paradigmatic standpoint — pragmatism -
for the thesis. It includes a consideration of ontological and epistemological
beliefs. Strengths and weaknesses of pragmatism are discussed and an
argument made for its selection. The use of both quantitative and qualitative
methods, within a mixed methods research approach is discussed. An
argument is made for combining approaches. Methodological choices for the
studies included in this thesis are addressed, as well as data collection
methods and the reliability and validity of those methods. Further discussion
of their development or adaptation (where appropriate) is in subsequent
Methods chapters. More detailed discussion of the bias, reliability and validity
of study procedures and data collection methods is included in Methods

chapters.

2.2 Paradigm, Ontology and Epistemology

2.2.1 Terminology

Paradigm (or theoretical perspective), ontology and epistemology are often
used and/or defined, interchangeably within the research literature.
Therefore, for the purposes of this thesis, the model depicted in figure 7,
modified and informed from Guba and Lincoln, (1994) and Teddlie and
Tashakkori, (2009), shall be adhered to. Here it is proposed that the
paradigm and its characteristics should be reported at the outset and be
defined by its ontological and epistemological stance.
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Figure 7 Flow diagram of philosophical concepts for research

Paradigm
Definition: Researchers worldview/belief system
(Positivist -> Interpretivist)

S

Ontology
Definition: the nature of reality/what is/isn't real
(Realism/Single reality -> Relativism/multiple realities)

@

Epistemology

Definition: relationship between reality and the
researcher/research

(objectivity -> subjectivity)

Figure informed by table 5.2 in Teddlie & Tashakkori (2009) and Guba & Lincoln (1994)

Crotty, (1998a) states that four things need to be established when
considering a programme of research: 1) methods, 2) methodology 3)
theoretical perspective (paradigm) and 4) epistemology. The concept of
ontology should also be added: ‘the nature of reality’, or what is or isn’t real
(Lincoln & Guba,1985, p. 37). Using a modification of Crotty's approach
(1998a), the paradigm will be established first, as this reveals the
researchers ‘worldview’ which ‘guide[s] disciplined inquiry’ (Guba, 1990, p.
18), followed by ontological and epistemological characteristics and finally,
methodology. Methods will be reported in Chapters 3 and 4.

Broadly, paradigmatic assumptions relevant to research sit on a continuum.
At one end are those who believe that reality is made up of measurable
objects that can be tested and exist even when humans are not interacting
with them. For example, Positivists would consider that a chair is still a chair,
whether or not they are sitting on it. At the other end of the spectrum are

those who believe reality is made up of subjective experiences — how
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being subjectively obtained. This could be referred to as subject-object unity,

or the idea that reality is in the mind.

2.2.2 Thesis Paradigm/Theoretical perspective

One paradigm not mentioned above was pragmatism. This is because,
unlike most of the other paradigms, it tends to reject the need to choose a
single end of the ‘reality spectrum’. According to Guba & Lincoln (1994),
choosing your research paradigm is the most important part of determining
your subsequent methodology and therefore methods. However, in contrast
to this focus on the importance of paradigm, pragmatists forgo the use of a
single worldview and set of assumptions about reality and instead prefer to
emphasise a ‘practical approach...to research problems’ (Denscombe, 2010,
p.138). Instead of looking at what is or isn’t real (ontology) or how we can
know things (epistemology), pragmatists focus on how useful the knowledge
is when applied to a practical problem (Denscombe, 2010).

A pragmatic approach therefore is to let the research questions inform the
methods, to ensure that the knowledge being derived is of most use for
answering the questions. As this thesis will examine characteristics and
quality of PA apps, and hypothesises that quality can, and should be defined
in various ways relating to both ends of the reality spectrum, a pragmatic
approach is called for. While a positivist stance will be relevant to the
identification of the few established quality indicators in apps and behaviour
change interventions, interpretivist stances are relevant for determining the
perceptions of potential users. Therefore the ‘third way’, pragmatism, that
recognises the need to apply a paradigm on a need by need basis, is most

appropriate (Armitage, 2007).

2.2.3 Thesis Ontology
The pragmatic paradigm allows for two preferred ontologies to be applied,

based on the target areas of interest for this thesis. Existence, characteristics
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and quality of apps will be examined using both critical realist and relativist

interpretations.

The extreme stance of positivism has many acknowledged weaknesses and
has been superseded by the more flexible and preferred, post-positivism
(e.g. Clark, 1998; Gray, 2018). The post-positivist paradigm tends to align
with the critical realism ontology. Critical realism fits with the reality of the
quality of apps, as described in the current literature, namely that there are
some demonstrated associations between certain app variables (e.qg.
presence of evidence-based content) and high quality, as well as certain
quality variables and effectiveness (e.g. behaviour change techniques).
However, the literature remains imperfect, incomplete, and is unlikely to be
able to explain all possible variance. Therefore, the relativist ontology will
also be used to attempt to identify those app features that are perceived and
constructed as facilitating or inhibiting use and behaviour change for and by
individuals. This ontology has been chosen because it fits with the idea that
app users will create their own reality when choosing and engaging with an

app, based on their own intentions and motives for use.

2.2.4 Thesis Epistemology

John Dewey, an early advocate of pragmatism, proposed that it is important
to recognise that dual-direction interactions were happening in the world. The
individual acts upon the world, and the changes this makes in the world then
act upon the individual. It is the relationship between actions and
consequences that is key for knowledge accrual, rather than objective or
subjective reality (Biesta, 2010). Therefore, like the pragmatist ontology, the
pragmatist epistemology also allows for a bridging of the gap between
objectivity and subjectivity in relation to the researcher and their relationship
with knowledge. In order to understand the relationship between actions
(inferred cause) and consequences (inferred effect), pragmatists
acknowledge that at times, interaction between researcher and participants
may be required (subjective interpretations of both causes and effects) while

at other times, interaction may not be required (objective interpretations, or
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identification of causes and effects) (Teddlie & Tashakkori, 2009, p.90). In
this thesis both objective and subjective interpretations will be required —
both to determine presence of evidence-based content and determine
subjective indicators of quality- possible causes and effects related to uptake

and maintenance.

2.2.5 Strengths and weakness of pragmatism

While it can be argued that the main strength of pragmatism is its flexibility to
adapt to the research question under consideration, this means that unlike
other paradigms, pragmatists will be at risk of any and all biases associated
with their approach to answering the question. Weaknesses of both critical
realism and relativism and objective and subjective approaches will be
relevant (see table 1 for examples). However, as the idea behind pragmatism
is that the variety of options available means that selections can complement
each other, this should ideally lead to a strengthening of outcomes rather
than a weakening. For example, findings should or could triangulate (where
appropriate), or in the case of this thesis, answer different parts of the same

question, providing a more complex picture and strengthening any argument.
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Table 1 Examples of strengths and weaknesses of pragmatism and its related ontological and epistemological approaches

Approach Strengths/Benefits Weaknesses/Disadvantages
Pragmatism | Flexible investigative techniques. Perceived as less concerned with rigorous scientific or
intellectual discipline.
More likely to promote collaboration between
researchers. Combining qualitative and quantitative methods can be
seen as inappropriate — they are incompatible.
Can use qualitative research to inform quantitative Therefore findings are merely assigned truth but may
research and vice versa. not represent truth.
Can use qualitative research to validate or explore further | Doesn’t necessarily have a theory of truth — unlike other
guantitative research and vice versa. approaches.
Including quantitative data allows for the fact that
gualitative data cannot be generalised.
Including qualitative data can explain relationships
discovered in quantitative data.
Able to combine empirical and descriptive precision.
Ability to combine macro and micro levels of a research
issue.
Critical It recognises that phenomena may be defined by a set of | The social world being as it is means that there are
Realism practices as well as ideas about those practices, which limits to what scientific processes can achieve.

may or may not be correct — therefore allowing for an
analysis of the social world as well as the natural world.

Recognises the fallibility of scientific enquiry and

Belief that if an ‘intelligible’ occurrence happens it infers
what the world is like — critics suggest that this merely
implies what scientists believe the world is like, not
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2.3 Research approach

2.3.1 Quantitative, qualitative and mixed-methods approaches

The research approach refers to whether quantitative, qualitative or mixed
methods will be used to collect data and answer research questions (see
chapter 1 of Teddlie and Tashakkori, 2009 for explanation of three
approaches). Although not definitive, research paradigms, ontologies and
epistemologies often align with a particular approach (e.g.Teddlie &
Tashakkori, 2009, p.88). As Cresswell (2003, table 1.4, p.19) suggests, both
guantitative and qualitative approaches can align to the pragmatic paradigm.
Using both approaches together is typically referred to as mixed methods
research, and although it is a fairly new concept, the approach has been
used for many years, although without using this specific terminology until
more recently (Teddlie and Tashakkori, 2009). Perhaps because of that,
definitions vary extensively, based on how the qualitative and quantitative
approaches are used. The interpretation that will be used for this thesis, is
that there are three types of mixed methods research: sequential, concurrent

and transformative (Cresswell, 2003).

The sequential procedure allows for one approach to inform the other. The
concurrent, or simultaneous, procedure allows for both quantitative and
qualitative approaches to be used at the same time, to answer the same
question perhaps, and requires that the findings are integrated to answer the
question fully. The transformative procedure starts with a theory and applies
that theoretical lens to the study, which happens to include both quantitative
and qualitative approaches and can include sequential or concurrent

procedures also (Cresswell, 2003, p.16).

2.3.2 Inductive and deductive approaches

Induction can be defined as “the process whereby a general law is
established by accumulating particular instances” (Crotty, 1998b, p.31-32). In
other words, inductive reasoning starts with the data and builds conclusions
and generalisations from the data itself — a ‘bottom-up’ approach. Deduction
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can be defined as involving “arguing from the general (e.g., theory,
conceptual framework) to the particular (e.g., data points)” (Teddlie and
Tashakkori, 2009, p.23). This is a ‘top down’ approach, whereby a prediction,
theory or hypothesis is stated, and then tested by collecting data.

2.3.3 Thesis research approach

This thesis aims to explore the quality of apps both in terms of quantitatively
measurable criteria such as use of theoretical underpinnings and evidence-
based content, as well as qualitative based criteria such as characteristics of
apps and user perceptions of acceptability from feedback and user
reviewers. To generalise, the truth (data) that is sought is not thought to be a
single truth, but consists of multiple truths (perspectives) depicting the same
phenomena (quality). Therefore both quantitative and qualitative approaches
will be used. Three characteristics of mixed methods approaches should be
explained: sequence, priority and relationship of the alternative approaches,
otherwise known as method of integration (Denscombe, 2010). Cresswell et
al. (2003) states that integration can occur at any or at multiple stages:
during research question generation, data collection, analysis or
interpretation. Additionally, Greene et al. (1989) report five purposes for
using mixed methods, expanding on the definition of a complementary study
by stating that “qualitative and quantitative methods are used to measure
overlapping but also different facets of a phenomenon...the logic of
convergence requires that the different methods assess the same conceptual

phenomenon.” (p.258) (see table 2).
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Table 2 Purposes of performing a mixed methods study.

Name Purpose

Triangulation Seeks convergence, corroboration, correspondence of
results from the different methods

Complementarity/ | Seeks elaboration, enhancement, illustration,
Complementary clarification of the results from one method with the
results from the other method.

Development Seeks to use the results from one method to help
develop or inform the other method, where development
is broadly construed to include sampling and
implementation as well as measurement decisions.

Initiation Seeks the discovery of paradox and contradictions, new
perspectives of frameworks, the recasting of questions
or results from one method with questions or results
from the other method.

Expansion Seeks to extend the breadth and range of inquiry by
using different methods for different inquiry
components.

Adapted from table 1 in (Greene et al., 1989)

Informed by these sources, a concurrent, complementary mixed methods
approach was chosen. Neither the qualitative nor quantitative approach is
dominant. Integration occurs during generation of the research questions and
data collection in order to inform the overall findings and conclusions of the
programme. Triangulation, although not a specific purpose, also occurs. Data
analysis is in parallel and does not involve integration as quantitative data
has not been transformed into qualitative data and the same is true of the
reverse. However, a narrative mixed research synthesis using a segregated
design is implemented to configure the complementary findings into the final
argument and recommendations for future work (Sandelowski et al., 2006).

The mixed methods approach lends itself to use of both inductive and
deductive reasoning and both will be used independently to answer the
research questions. Qualitative data is explored and has inductive reasoning
applied to generate a theory regarding features that are viewed positively or
negatively by users. Using a deductive approach, quantitative data and
descriptive qualitative data are captured to add weight to the existing theory

that they contribute to the quality of apps or PA interventions.
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2.3.4 Strengths and weaknesses of Mixed Methods

The main strengths of the mixed methods approach are its flexibility and its
potential to reduce the impact of any inherent biases related to use of a
single approach (Cresswell, 2003, p.15; Denscombe, 2010). These are
particularly relevant when using both qualitative and quantitative approaches

to answer the same research questions — as is the case here.

Mixed methods allows for both exploratory and confirmatory research
(Denscombe, 2010; Teddlie and Tashakkori, 2009). For example, this thesis
will confirm whether or not acknowledged quality indicators such as
evidence-based content is present in apps, as well as explore whether other
potential indicators of quality exist such as those relating to user perceptions.
Similarly, it allows collection of a ‘greater assortment of divergent views’
(Teddlie and Tashakkori, 2009, p. 33). The use of different approaches in
this thesis could lead to a convergence of data on key quality components.
For example, user comments could indicate that evidence-based content is
something they perceive as indicating a high quality app. Alternatively, data
could, and seems more likely to, diverge as the two different approaches
have been used to ensure capture of a range of interpretations and
perspectives on quality indicators. Essentially, using mixed methods
removes the potential criticism that quantitative methods are only identifying
established or accepted indicators of quality, or that qualitative methods are
neglecting them and instead focusing on more in-depth issues of
acceptability or usability at the expense of content, which is difficult to
capture quantitatively. See table 3 for examples of strengths and

weaknesses of qualitative and quantitative approaches.

Like both quantitative and qualitative approaches, the mixed methods
approach also generates its own set of unique challenges (Denscombe,
2010). Time and cost are often cited as a barrier. However, for the present
thesis neither present a challenge due to the nature of the work being carried
out — for example, a common source of delay can be participant recruitment
and qualitative analysis of lengthy transcripts, neither of which are required.
In addition, apart from the cost of app download, no extra costs will be
incurred from conducting a mixed methods design, as downloads would be
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Table 3 Examples of the strengths and weaknesses of qualitative and quantitative methods

Approach Strengths/Benefits Weaknesses/Disadvantages
Quantitative | Facilitates rational decision making via identification Methods of data collection can involve randomisation and
of cause and effect relationships. controlling for bias can be difficult/impossible/
inappropriate/unethical in the real-world.
Methods of quantitative data collection often include
stringent ways of removing or reducing risk of bias so | Lacking ecological/external validity - much research is lab-
findings are valid and reliable. based, so findings may not be replicable in the real-world.
Results typically aim to be generalisable. Often experimental/quasi-experimental designs fail to
produce a definitive answer, despite this being what they
claim to do — results from similar studies are often mixed.
Ever-changing social world may be too complex.
Explains what happens and how many times, but not why.
Qualitative | Aims to understand the perspectives of others rather | Can be costly in time and resources, for example if a

than impose researcher’s perspective/bias/theory.

Social and content validity of data is thought to be
high.

Often results in in-depth, highly detailed data.

Can prevent misrepresentation of a community (e.

via ethnography).

g.

Can look for relationships, usually between themes,

explain them and generate theories.

specialist interviewer is required and lengthy interviews are
conducted.

Can be challenging for the researcher to remain engaged
and gain understanding over the long term.

Can be difficult to access participants depending on the
nature and sensitivity of the research.

Explains why something happens, but not how many times
or what happens.

Lack of generalisability.
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The weakness of inductive reasoning is an exacerbation of the weakness of
deductive reasoning — inductive interpretations can never prove a theory, but
give a single instance of a pattern of data in a specific setting, with specific
participants. Also, qualitative data and inductive interpretations are far less
generalisable than quantitative outcomes. Qualitative researchers tend to
use a different term: transferability — the readers’ judgement (rather than the
researcher’s analysis based on sample size, statistical analysis and so on) of
whether or not inferences from the research context can be applied to other
contexts. Where a result is generalisable, it tends to be broadly applicable to
other contexts. However, transferability may be more limited to personal or
discrete experiences or exhibit certain degrees of transferability such as
temporal, theoretical, population or ecological (Teddlie and Tashakkori,
2009, p.311-312).

2.4 Methodology

Teddlie and Tashakkori (2009, p. 21) define methodology as “a broad
approach to scientific inquiry specifying how research questions should be
asked and answered. This includes worldview considerations, general
preferences for designs, sampling logic, data collection and analytical
strategies, guidelines for making inferences, and the criteria for assessing
and improving quality.” They also state that “methods are determined

by...methodological orientation”.

The current thesis is informed by a pragmatic paradigm or worldview, which
allows the research questions to dictate the most appropriate methods. It has

the following research questions:
Research questions:

1. Are there any physical activity apps that include feedback on
immediate affect (mood) to facilitate behaviour change?

2. What are the characteristics and content of physical activity apps that
include feedback on immediate affect, including both apps developed
for/by researchers and publicly available apps (commerical apps) in
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the app stores?
3. What is the quality of these physical activity apps that provide

feedback on immediate affect?

The thesis consists of two studies. Both address all research questions,
following the concurrent mixed methods approach and segregated narrative
mixed research synthesis design. However, in line with the pragmatic
paradigm, different methodological choices for data collection were made
due to the different sources of data. Individual choices for the two studies

are explained below.

2.4.1 Methodological choice for study 1: Systematic review of peer-
reviewed literature

With the rise in evidence-based medicine and practice (Guyatt et al., 1992;
Olsen et al., 2009) and the consistent financial burden experienced by the
UK NHS, currently due in part to an ageing population and increasing rates
of obesity and multimorbidity (Stoye, 2018), there is now an expectation that
health promotion activities will be chosen based on a demonstrable set of
supporting ‘proof’. However, determining the presence of a high quality
evidence-base can be difficult. Mulrow (1994, p. 1) describes the landscape
of study outputs as ‘an enormous puzzle’ and advocates systematic reviews
as a way to ‘disentangle’ the ‘puzzle’s intricacies’. The purposes of a
systematic review are well established: keeping up to date with current
research, identifying new and more effective interventions, discovering
current interventions are ineffectual, collating guidelines for treatment/care,
identifying more efficient ways of doing things, or delivering care and
avoiding duplication and wasted research resources (Mulrow, 1994). The
aims of this thesis align with some of these purposes. Seeking to identify any
evidence of a high quality (and therefore potentially effective) new
intervention (a PA app that provides feedback on affect), or any gaps in the

evidence to direct limited resources towards future research.

Given the novelty of apps for behaviour change, as well as the recent rise in

recognition of affect as being influential in behaviour, the literature was likely
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accessible to decision- makers” (Centre for Reviews and Dissemination,
2009, p. v). This includes identifying gaps in the literature. Although there are
acknowledged weaknesses of this methodology, such as the tendency to
restrict eligible data by study design and focusing on effectiveness (Grant
and Booth, 2009), these need not be adhered to while still maintaining the
rigorous and replicable design.

2.4.2 Methodological choice for study 2: Systematic evaluation of
public apps

In order to be comprehensive and gain as true a picture as possible of the
app landscape and its potential strengths and weaknesses, public apps must
be included. However, unlike literature, there are few established methods
for exhaustively identifying, collating, evaluating and synthesising public
apps. Previous studies of public apps have used principles of systematic
review methodology to address this gap (Anderson et al., 2016; Knight et al.,
2015; Reynoldson et al., 2014). However, all features of the systematic
review process may not be suitable. For example, use of search terms to
identify relevant apps is unreliable, as the app store algorithms are
proprietary and therefore not publicly available to determine how searches
function. Despite constraints, the strengths of the systematic review method
— transparency, replicability, rigour, synthesis of all available knowledge, bias
reduction — offer viable, defensible principles by which public apps can be
identified and evaluated. While resources are limited and other methods
undeveloped, such principles were applied in this thesis, termed a systematic

evaluation in this instance.

2.5 Data collection methods
The data collection methods for the two studies are the same, because both
ask the same questions of the apps, despite the apps being from different

sources. Therefore, the methods discussed are relevant to both studies.
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Table 4 Quantitative and qualitative data collected as part of thesis

Quantitative data to be
collected

Method of data collection

Qualitative data to be collected
(including some descriptive data)

Method of data collection

Number of apps with feedback
on affect as part of physical
activity promotion

Data extraction form - count

App administrative characteristics

Mobile App Rating Scale
(Stoyanov et al., 2015)

Number of apps that include
credible development teams,
and users in design of the app

Data extraction form — count

Characteristics of target population

Data extraction form -
summary

Number of apps with theoretical
underpinnings

Data extraction form — count
facilitated by Theory Coding
Scheme (Michie and
Prestwich, 2010)

How feedback on affect is collected,
processed, provided and for how
long

Data extraction form —
description

Number of apps where quality
was formally assessed

Data extraction form — count

Characteristics of development
team and process

Data extraction form — how
users were involved, expert
status of developers

Mobile App Rating Scale -
Affiliations, Developers

Whether or not quality issues
were addressed

Data extraction form —
yes/no

How quality was assessed

Data extraction form —
description and name of tool
used if applicable

Number of behaviour change
techniques used

Data extraction form — count
facilitated by Behaviour
Change Taxonomy v1
(Michie et al., 2013)

Types of theoretical underpinnings
of app

Theory Coding Scheme -
descriptive list (Michie and
Prestwich, 2010)

Number of behaviour change

Data extraction form — count

Type of behaviour change

Data extraction form —
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quality. Both sets of tools ensure that only relevant data was captured,
reducing wasted resources. However capturing user perspectives allowed for

the potential for new quality indicators to be identified.

2.5.1 Theory Coding Scheme

The TCS is a framework for identifying theoretical components in
interventions. It consists of 19 closed items that capture use of theories and
their constructs, how they have been used to inform, tailor or develop an
intervention, the degree to which the intervention content is linked to a
theory/construct, and if theoretical components are measured, reported and
discussed (Michie and Prestwich, 2010). There are descriptions of each item
and a comprehensive set of guidelines and training materials (see appendix

1 for framework and guidelines).

The behaviour-change literature and its practitioners generally consider
theory-based interventions to be preferable and more effective (McEwan et
al., 2018). However, researchers and developers tend to use theory
sparingly, inconsistently, don’t use it at all, or report its use poorly and as
such, there is mixed evidence for the use of theory-based interventions
(McEwan et al., 2018; Prestwich et al., 2015). Therefore, it is important to
identify theoretical components and report them appropriately to allow for

further analysis of their effectiveness.

2.5.2 Behaviour Change Technique (BCT) Taxonomy

The BCT taxonomy is used to identify the presence or absence of features of
interventions. It consists of 93 techniques, divided into 16 categories (Michie
et al., 2013). It includes descriptions and examples of each BCT and training
is also available online. The taxonomy facilitates reporting of interventions to
ensure identification of effective techniques, easy replication and faithful
implementation. It was developed using a Delphi exercise involving 19

experts in behaviour change, from around the world, from both research and
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practitioner backgrounds, as well as receiving feedback from an international

advisory board.

The taxonomy, or earlier unofficial versions of it, have been used to identify
components in interventions including apps (Bardus et al., 2016; Bondaronek
et al., 2018; Free et al., 2013; Roberts et al., 2017), setting a precedent for

its use in this thesis.

2.5.3 Behaviour change techniques associated with physical activity
(PA) change

In order to try and address the potential quality issue of including BCTs that
may not be associated with changing PA behaviour, a fit-for-purpose
checklist was created based on two recent reviews (Gardner et al., 2015;
Howlett et al., 2018).

2.5.4 Mobile App Rating Scale (MARS)

The MARS is an instrument used to determine the quality of an app in
relation to its engagement, functionality, aesthetics and information
(Stoyanov et al., 2015). Some or similar items are assessed during usability
assessment and general user testing when developing new technology.
Others have been considered part of assessments in recent app reviews.
Previously (see Background chapter), it was established that engagement is
a part of ensuring app usage and is starting to be investigated in the
literature on digital interventions (Perski et al., 2017). Thus these MARS
items can be considered important for quality (Brooke, 1996; Milward et al.,
2016; Nielsen, 1993, chapter 5; Reynoldson et al., 2014). MARS allows
users to make a subjective judgement of the app (Stoyanov et al., 2015) and
captures basic descriptives of the app. Most questions have five possible
answers and a non-applicable response, each with a unique description. A
mean score can be generated for each section and an overall mean score
across the first four quality sections can also be calculated (see appendix 2
for MARS).
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2.5.5 Data collection/extraction form

The remaining quantitative and qualitative items were collected using a
standardised data extraction form devised for each study. Additional items
were chosen based on their relevance to the research questions, relevance
to the behaviour domain, whether or not they had previously been
considered relevant to quality in other app reviews, best practice for
intervention development, and whether or not and how quality was assessed
and addressed (see chapters 3 and 4 and appendix 3 for more details of the
data being collected). The apps, where available, were downloaded to
assess all characteristics of interest, in line with typical usability testing

procedures (Nielsen, 1993).

To support data extraction for the systematic review and allow for better
reporting and easier replication, the Template for Intervention Description
and Replication (TIDieR) checklist informed the data extraction form
(Hoffmann et al., 2014). Reporting and descriptions of interventions are often
cited as challenging for reviews resulting in tools such as TIDieR, PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-Analyses)
(Moher et al., 2009) and the Quality and Risk of Bias Checklist for Studies
That Review Smartphone Applications (BinDhim et al., 2014). All were used
in this thesis.

2.6 Reliability and validity
Reliability and validity relate to how truthful and accurate results are. In
particular, they can be ascribed to the tools or instruments or methods of

data collection that are employed.

Reliability is considered to be whether or not an instrument will repeatedly
produce the same results when measuring the same phenomenon — either
over time, with nothing else changing, or between different users. Validity is
‘whether one can draw meaningful and useful inferences from scores on the
instrument’ (Cresswell, 2003, p. 157), in effect, whether or not the tool
measures what it should be measuring. See table 5 for a brief description of
each of the three main types of reliability and validity.

62



Table 5 Types of reliability and validity

Reliability or Type Description
Validity
Reliability Internal consistency | “Are the items’ responses
consistent across constructs?”
Test-retest “Are scores stable over time when

the instrument is administered a
second time?”

Consistency “Were errors caused by
carelessness in administration and
scoring?”

Validity Content ‘Do the items measure the content

they were intended to measure?”

Predictive/Concurrent | “Do scores predict a criterion
measure? Do results correlate with
other results?”

Construct “Do items measure hypothetical
constructs or concepts? Do scores
serve a useful purpose/have
positive consequences when used?
Have the right definitions been used
to measure the variable?”

Adapted from (Cresswell, 2003), p. 157-158, 171.

Reporting the reliability of instruments is important for rigorous research and
replication, as well as to justify use of a tool (Cresswell, 2003). Where
available, inter-rater reliability and internal consistency has been reported for
the pre-existing tools that will be used in this thesis (see Methods chapter
3.4.7.4), demonstrating their quality. Their inclusion of extensive guidelines
and/or descriptions or training materials should maintain consistent
administration. In addition, a subset of data was checked by a second
researcher to ensure correct interpretation and test-retest reliability (see
Methods 3.4.9, 3.4.10, 4.4.7, 4.4.8 and Results 5.2.1).

The validity of the pre-existing instruments is less clear. Most are simple
enough to assume content and construct validity, and for the purposes of this
thesis also have construct validity in that they seek to identify characteristics
of interest to inform future research. However, predictive validity is uncertain.
Although tools and items have been chosen based on an existing
understanding that the items they measure are synonymous with quality and
effectiveness, the latter will need to be judged once results are collated.
Threats to validity can also be internal or external, relating to inadequate
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and tactical authenticity (see table 6 for definitions of trustworthiness and

authenticity constructs).

Table 6 Definitions of trustworthiness and authenticity

Construct and
sub construct

Definition

Trustworthiness

Credibility
(parallel to
internal validity)

“whether or not the a research report is ‘credible’ to the
participants whom the researchers studied”

Whether or not findings are “credible to the constructors
of the original multiple realities”

Transferability
(parallel to
external validity
or
generalisability)

“the transferability of inferences from particular sending
context (the research setting) to a particular receiving
context (other similar settings)”

Dependability

‘the extent to which the process of inquiry is

(parallel to dependable; the ability of the human instrument to yield

reliability) consistent results”

Confirmability ‘the extent to which the product of the inquiry is

(parallel to confirmable, including whether results are grounded in

objectivity) data, whether inferences are logical, whether there is
inquirer bias, and so forth”

Authenticity

Fairness ‘it must be the case that different constructions will
emerge from persons and groups with differing value
systems...Fairness may be defined as a balanced view
that presents all constructions and the values that
undergird them”

Ontological ‘improvement in the individual’s (and group’s) conscious

authentication experiencing of the world...[it] ought to be to raise
consciousness, or to unite divided consciousness, likely
via some dialectical process, so that a person or
persons (not to exclude the evaluator) can achieve a
more sophisticated and enriched construction”

Educative “It is not enough that the actors in some contexts

authentication achieve, individually, more sophisticated or mature

constructions, or those that are more ontologically
authentic. It is also essential that they come to
appreciate (apprehend, discern, understand)—not
necessarily like or agree with—the constructions that are
made by others and to understand how those
constructions are rooted in the different value systems of
those others”

‘increased understanding of (including possibly a
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ensuring accuracy of findings (Cresswell, 2003, p.196). Such triangulation
should prompt reporting of discrepant information, another recommended
activity (Cresswell, 2003). However, transferability in study 2 should be
unthreatened as the data is being ‘sent’ from a real-world context and will be

transferred to a real-world context.

Descriptives and user perspectives may encounter threats to authenticity.
This is because it is the researcher that will initially benefit in terms of
ontological authentication and educative authentication. In terms of fairness,
attempts are being made to capture a range of current interpretations of
quality, as well as a range of perspectives from users. However in study 2
the sample size will be limited and comments are likely to be brief and
cannot be explored further with the user. In terms of catalytic authentication
and tactical authenticity, it can only be stated that the findings are
hypothesised to inform future research to improve PA, to the benefit of
individuals, society and the health system. It is for the reader to decide the
extent of the impact of the present research on future action and the degree
to which it empowers future individuals, but that is the proposed goal of the
present (and indeed, of most) health research. Further discussion of the

implications of the results of this work will feature in the Discussion chapter.

2.7 Chapter summary

As reported, a pragmatic paradigm was adhered to including perspectives
from both critical realism and relativism, and objective and subjective
viewpoints. A mixed methods methodology was chosen based on the
research questions, comprised of a systematic review (study 1) and a
systematic evaluation (study 2) (see table 7 for summary). Data collection
methods include both quantitative and qualitative assessments using pre-
existing and fit-for-purpose tools embedded into a data extraction form for
each study. Various threats to reliability and validity of the findings do exist
due to the nature of the data. Pre-existing tools and methods were chosen to
minimise these threats where possible. In addition, the combination of

methods allowed by the pragmatic paradigm should minimise bias and
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Table 7 Summary of methodology

Paradigm Ontology Epistemology Methodology Methods
Pragmatism | Pragmatism: Pragmatism: Concurrent, complementary mixed Quantitative assessment of quality
Critical Realism | Objective and | methods, with mixed research synthesis | TCS, BCT taxonomy, PA BCT
and Subjective using segregated design. checklist, MARS and additionally
Relativism perspectives devised items.
perspectives Study 1: Systematic review

Study 2: Systematic evaluation

Both use quantitative and qualitative
analysis

Qualitative description and
assessment of quality using TCS,
BCT taxonomy, PA BCT checklist,
MARS, user reviews and
additionally devised items.

BCT = Behaviour Change Technigue; MARS = Mobile App Rating Scale; PA = Physical Activity; TCS = Theory Coding Scheme
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3. Methods: Study 1: Systematic review of peer reviewed literature of
physical activity apps with feedback on affect

3.1 Introduction to chapter

Until now it is unclear the extent to which affect has been used as a
motivator for PA in app-based interventions in free living contexts, although
there is evidence to suggest that meal-based positive affect is being explored
as a way to promote normal eating (SMARTFOOD Emotion Trial (Renner et
al., n.d.)). In addition, the literature cites many challenges for digital
behaviour change approaches, with establishing quality being just one.
These include conducting comprehensive, well considered and granular
evaluations in terms of their effectiveness and usage, engagement (which is
likely to be uniqgue compared to more traditional interventions, is often cited
as a problem, and is hypothesised to be due to apps not being user-friendly,
respectful of privacy, trustworthy or useful), mechanisms of effect, cost-
effectiveness and adherence to regulations and ethical standards (Michie et
al., 2017; Miller et al., 2018; Torous et al., 2018). Given these challenges,
app development and content is likely to vary, and with it, quality. For
example, common sense dictates that development teams which include
academics are likely to produce theory-based content, often interpreted as
an indicator of good quality by an academic audience. In contrast, teams with
experienced developers may have apps with better user interfaces. As such,
there is already recognition that digital intervention development should be
multidisciplinary (Michie et al., 2017; Murray et al., 2016). However, it’s still

unclear what the quality of the apps of interest might be.

A systematic review will be conducted to determine the evidence base from
published literature. Following this, an evaluation of public apps available in

app stores will be conducted (Chapter 4).

This chapter will describe the methods of a systematic review to identify
literature-based PA apps that provide feedback on immediate affect and their

characteristics and quality. The definition of quality will be discussed.
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3.2 Defining quality

3.2.1 Compiling quality indicators

Scientific studies have established many potential sources of bias that
influence perceptions of quality (Higgins et al., 2016; Shea et al., 2007,
Sirriyeh et al., 2012). Unlike studies, apps for behaviour change are relatively
new and therefore app-specific quality indicators have not been universally
adopted, as demonstrated by the fact that studies of apps capture and call
different features ‘quality indicators’. There are a handful of conducted and
ongoing reviews that compile these indicators, showing variability in what
has been captured and how (Billiet and Vanden Blssche, 2016; BinDhim et
al., 2014; Nouri et al., 2018; Van Velthoven et al., 2018). While Nouri et al.,
(2018) collate a variety of quality indicators into classes, they don’t solve how
to define and capture each criterion (and indeed, cite the reported tools as
having varied, or non-existent, criterion definitions). They also don’t include
papers that haven’t used a formal tool or formalised set of criteria and
include a number of tools that were developed for specific diseases or
disorders (see Nouri et al., 2018). This meant that many criteria were related
to disease-relevant content and recommendations which are not relevant for
PA promotion. While reviewing the criteria across a range of studies, it also
became clear that when definitions were provided, they were inconsistent,
with usage and engagement often used interchangeably. The criterion of
engagement is further complicated by a recent study that tries to
conceptualise it as multi-faceted, consisting of both a subjective experience
as well as a measurable behaviour synonymous with usage (Perski et al.,
2017). Therefore it was considered necessary to determine a relevant set of

criteria and definitions for the purposes of this thesis.

Subsequently, a scope of the more recent literature discussing and reviewing
apps and user preferences for apps was performed. Using methods similar
to Nouri et al., (2018) quality indicators were consolidated. Examples of
often-mentioned key quality indicators — explicitly specified by authors in
some instances, but not necessarily all — are listed and broadly defined in
table 8 and appendix 4. While compiling this list, criteria were also included if
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Table 8 Frequently reported indicators of app quality

Quality indicator

Summary definition

Examples of app
assessment
studies where
indicator is
captured without
using a developed
tool

Examples of tools using
indicator or studies
using the tool (NB: not
all assessing PA apps)

1 | Acceptability or
Participant perceptions

Positive and negative feedback or
recommendations from users on the app
content e.g. preferences or recommendations
for information, tone or features. Can include
user ratings or reviews of the app (the latter
may overlap with other indicators such as 4,
or 10. These should be coded separately).
May include barriers and facilitators
(feasibility) to use of the app and/or
smartphone such as it being easy to fit self-
report requests into your routine, or forgetting
to carry the phone. May also include whether
or not users/providers/practitioners would
recommend the app to others/patients

(Bondaronek et al.,
2018; Dunton et al.,
2011; Milward et al.,
2016; West et al.,
2012)

(BinDhim et al., 2014;
Brooke, 1996; Murray et
al., 2016; Powell et al.,
2016; Stoyanov et al.,
2015; Vasa et al., 2012)

2 Aesthetics

Visual attractiveness of the app interface
design in terms of colours, fonts, and layout.
How professional the design is. How pleasing
to eye the design and layout is. Can include
the relevance of design to the behaviour.

(Milward et al.,
2016; Reynoldson et
al., 2014)

(Jin and Kim, 2015;
Martinez-Perez et al.,
2015; Martinez-Pérez et
al., 2013; Stoyanov et al.,
2015; Taki et al., 2015)

3 Behaviour measurement

The type of tool/method used by the app to

(Bort-Roig et al.,

(Martinez-Pérez et al.,
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3.2.2 Existing quality assessment tools

In the last few years, attempts have been made to develop quality
assessment tools for health apps that include some of the reported
indicators, but none are considered the gold standard. Other criteria have
also been reported, but less frequently mentioned. (Martinez-Pérez et al.,
2013; McMillan et al., 2015; Murray et al., 2016).

Other tools and methods of quality assessment or quality regulation also
exist. For example Our Mobile Health (Our Mobile Health, n.d.) and ORCHA
(ORCHA, n.d.) are both app evaluation websites. The latter uses a large
number of criteria to assess apps in the app stores and gives them quality
ratings. However, their full criteria are not in the public domain. The UK
Medicines & Healthcare products Regulatory Agency suggests medical apps
should incorporate a certification (CE) mark to ensure the app is fit for the
purpose it claims and it is acceptably safe to use’ (Medicines & Healthcare
Products Regulatory Agency, 2018, p.5), while the US Federal Trade
Commission advises on relevant laws associated with development of
medical apps (Federal Trade Commission, n.d.). The NHS Apps Library is
currently beta testing assessment criteria (NHS Digital, 2018) and the British
Standards Institute even specifies quality criteria specifically for health and
wellness apps (British Standards Institution, 2015). Many of these quality
criteria appear to overlap with those cited in table 8.

3.2.3 Challenges of developing quality assessment tools

Anderson et al., (2016) critiqued a number of existing quality assessment
tools in the process of creating their own. The authors found similar quality
themes among the tools, but limited subcomponents, and spent a long time
creating a complex tool. Billiet and Vanden Blssche, (2016) supported the
complexity of the process by citing the need for skills including IT
development, privacy and security issues, behaviour change strategies and
medical knowledge just to develop a high quality app, let alone assess one.
They also cited numerous issues with current assessment tools including the

tendency to adapt from website quality assessment tools (Jeon et al., 2014;
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Stoyanov et al., 2015), questionable generalisability (Stoyanov et al., 2015),
lack of validation (Anderson et al., 2016; Loy et al., 2016), building a tool
based on usability criteria alone (Anderson et al., 2016), and the failure to
report the quality criteria at all (Yasini et al., 2016).

Despite the obvious weaknesses of existing tools, pragmatism and time-
scales meant that a suitable development process for a new tool could not
be carried out within the timeframe for the current thesis. Therefore, to
ensure comprehensive assessment of key quality indicators, those reported
in table 8 were captured. In order to capture as many criteria as possible, in
a resource efficient method, an existing, tested quality assessment tool was
used to allow for generalisability (Stoyanov et al., 2015), combined with an
existing and tested comprehensive theory coding scheme (Michie and
Prestwich, 2010) and taxonomy of behaviour change techniques (Michie et
al., 2013) to ensure reliable and high quality assessments. Additional
standalone items were included where the gquality assessment tool did not
already capture a key indicator. Further details on the tools and choice
rationale, are in section 3.5.5.

3.3 Revised research questions and objectives
Based on the definitions of quality established in this chapter, the final

research questions were adapted slightly.
Research questions:

1. Are there any physical activity apps in the literature that include
feedback on immediate affect (mood) to facilitate behaviour change?

2. What are the characteristics and content of physical activity apps in
the literature that include feedback on immediate affect?

3. What is the quality of these apps that provide feedback on immediate
affect, where quality is defined as a multi-faceted concept consisting

of 13 features?

Objective:
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O1: A systematic literature review will be conducted to identify current
evidence of physical activity apps that include immediate feedback on affect

for adults. Quality and characteristics will be captured and assessed.

3.4 Review methods

The protocol for the systematic review was registered on PROSPERO, the
international prospective register for systematic reviews, on 315t October
2018 (registration number: CRD42018107289, appendix 5).

3.4.1 Databases and search strategy

A range of databases were searched during scoping (AMED, ASSIA,
BIOSIS, CINAHL, Clinical Trials, the Cochrane Library, EMBASE, HMIC,
Index to Theses (ITT), OpenGrey, Psychology and Behaviour Sciences
Collection, Science Citation Index Expanded, SPORTDiscus, Social
Sciences Citation Index). The original aim was to conduct a highly sensitive
search to identify relevant papers and use a machine learning tool called
Abstrackr (Wallace et al., 2012) to facilitate automatic screening. This would
allow a vast number of abstracts to be screened quickly, despite limited
resources. However, on closer inspection of the software and following
limited personal communications with the developer, it was difficult to
determine exactly how Abstrackr functioned. Discussions with other users
revealed that it was predominantly being used to reduce the number of
screeners, rather than the number of abstracts that needed screening. This
led to a revised approach to the literature review to ensure feasibility. As
such, the databases and the search strategy were reduced to ensure a

specific and manageable review was conducted.

Databases that returned few hits, exhibited persistent technical difficulties
(ITT, ASSIA), became unavailable at the host institution (ITT,
SPORTDiscus), had limited search functionality (BIOSIS, ClinicalTrials,
OpenGrey, Science Citation Index Expanded) or returned hits which were
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Figure 8 Medline search strategy for systematic review
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3.4.2 Data management and deduplication

Database outputs were imported into Endnote X7.8 for data management

and deduplication. Initial deduplication was performed by comparing the

following paper details: author, year, title and ignoring spacing and

punctuation. Secondary deduplication compared year, title and journal.

3.4.3 Inclusion/Exclusion criteria

Inclusion and exclusion criteria for the papers and apps are reported in table

9.

Table 9 Inclusion and exclusion criteria for systematic review

Characteristic

Criteria

Condition/domain
studied

Physical activity promotion, not rehabilitation or
physiotherapy or returning individuals to usual levels of
functioning or improving balance. See ‘Intervention’
section below for further details.

Participants/Pop
ulation

Free-living adults (18 years old or more). Apps could not
be targeted at a specific clinical population (e.g. those
with a specific disease, condition or disability or those
recovering from one e.g. ‘cancer survivors’), as specialist
care is assumed. Overweight and obese adults were
eligible and those who were ‘at risk’ of a disease or
classified as pre-diabetic or pre-hypertensive. Active
adults, but not professional athletes, were eligible for
inclusion, despite the understanding that their motivation
levels may differ to inactive adults who may also be more
at risk from being sedentary.

Intervention

Intervention studies (where an app was used),
development of interventions (apps), or evaluation of
public apps, with the aim of increasing or exploring
uptake, maintenance or promotion of, (lifestyle or
structured) physical activity behaviour or decreasing
sedentary behaviour/amount of inactivity were potentially
eligible. Originally, apps focusing on multiple behaviours
were going to be excluded, due to the complexity of
determining content, features and quality that pertained
only to physical activity promotion, aligning with other
app reviews (West et al., 2013). However, during initial
screening stages it became clear that, as expected, few
eligible apps focused on physical activity alone.
Therefore, it was decided that to ensure a
comprehensive and informative review, apps were
included if they targeted multiple behaviours including
physical activity, and such apps would be discussed
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included due to the expected dearth of apps with this
function. A previous review of the effectiveness of apps
for behaviour change suggested that supplemental
material, wearables, or information from another source
may be beneficial or preferred for behaviour change
interventions that include apps, providing a rationale for
this choice (Middelweerd et al., 2015; Zhao et al., 2016).

Apps Native mobile applications were eligible for inclusion,
unlike web applications. Compared to native apps, web
apps can be restricted to certain browsers, require an
internet connection, fare unfavourably in terms of
efficiency and graphics, and are unable to make use of
smartphone hardware and software such as in-built
accelerometers or pedometers (an often-used resource
for physical activity apps).

Language Only studies reported in English were considered.
Comparators or | Any control group was eligible for inclusion, including
control having no control group, as effectiveness was not a

subject of this thesis, and any study design including
gualitative or a description of the development of an app
was eligible.

Types of study Any study design was potentially eligible. Evaluations of
publicly available apps were also eligible, as they had the
potential to provide more extensive information about the
app compared to information provided in the app store.
Reviews were excluded, but those that appeared
relevant had their reference lists hand-searched for
outstanding relevant app studies. Protocols of relevant
interventions (apps) were also eligible if they described
an existing app (originally excluded, some protocols were
found to give sufficient detail of existing apps to warrant
inclusion).

3.4.4 Outcomes
A number of primary outcomes were sought, related to characteristics and

quality, these are reported by research question, in table 10.

Table 10 Systematic review outcomes

Research question Outcome

Are there any Number of apps
physical activity apps
in the literature that
include feedback on
immediate affect
(mood) to facilitate
behaviour change?
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Effectiveness/Potential impact (at the level of face
validity) — score from item 19 in Information section
and score from Perceived Impact section of MARS.

Engagement — score from Engagement section of
MARS.

Evidence-based content and components — number
of apps that use, and type of, evidence based-
content/components, both behaviour change
techniques as defined by the BCT Taxonomy and
national physical activity guidelines for adults.
Number of apps that use behaviour change
techniques explicitly associated with change in
physical activity levels, and type of techniques.

Functionality or usability — score from Functionality
section of MARS.

Security and privacy — narrative summary of features.
Theoretical underpinnings and components —
Number of apps with theoretical underpinnings,

theories used and how from TCS.

Usage and compliance — rates of usage of app, any
available.

Any guality outcomes relating to these criteria
reported in the paper.

BCT = Behaviour Change Technique, MARS = Mobile App Rating Scale, PA = Physical
Activity, TCS = Theory Coding Scheme

3.4.5 Quality assessment of apps

As the literature suggests that there is no agreed upon gold standard of
assessing quality of apps to date (e.g. BinDhim et al., 2014; Jeon et al.,
2014; Michie et al., 2017), and those that do exist typically have limitations, a
number of measures were used to capture the 13 different elements of
quality and to try to reduce the emphasis placed on a single dimension or
tool. The apps themselves were assessed by a primary researcher (LL) in
the following ways, with a sample assessed by two researchers and
disagreements were discussed with a third researcher as necessary.

88




the app topic may be limited, making it difficult to provide a reliable
judgement, the inability to be sure of the veracity of reviews (some positive
reviews are paid for by app publishers) and the likelihood of oversampling
extremely positive or negative experiences (BinDhim et al., 2014; Jake-
Schoffman et al., 2017).

3.4.6 Quality assessment of papers

As the primary focus of the review was on identifying apps and assessing
their quality, a formal assessment of study quality related to design and
reporting was not performed. However, the Quality and Risk of Bias
Checklist for Studies That Review Smartphone Applications has been used
to ensure comprehensive reporting of the methods of the review (BinDhim et
al., 2014).

3.4.7 Bias, reliability and validity
There were a number of sources of bias within this study, but where feasible,

efforts were made to reduce them.

3.4.7.1 Databases

Although a small number of databases were searched, those chosen
returned the largest number of papers and included both medical,
behavioural science and technology literatures. In addition, hand-searching
references of relevant reviews allowed for any uncaptured papers to be
included. As this is a new field of research however, it was anticipated that
few eligible papers would be returned at all. Grey literature was not
searched, but scoping of such databases suggested few papers existed and

were of limited relevancy.
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3.4.7.2 Search strategy

Search terms were derived from existing reviews of apps and PA
interventions and a scope of the literature, therefore it's unlikely that relevant
apps were not captured, unless poorly reported. However, older papers that
used less standardised terminology in their titles and abstracts may have
been missed. To accommodate this, the term ‘telephone’ was included in the
search strategy to increase the sensitivity of the search. In addition, any
technology-based interventions that were not clearly irrelevant, but not
clearly an app, were retained during screening to allow further assessment of

their relevance during full text screening.

3.4.7.3 Inclusion and exclusion criteria

As it was hypothesised that very few eligible apps were likely to exist that
targeted PA alone, apps targeting multiple-behaviours were also eligible.
This caused problems of attribution, with quality assessments potentially
reporting on aspects that are relevant to promotion of another behaviour.
Good practice is to determine the exact ‘active ingredients’ in an intervention
that produce the desired outcome, as well as providing a detailed account of
the content of an intervention. Such granular and un-confounding
assessment of app effectiveness and components has yet to be achieved.
Findings for apps targeting multiple-behaviours will be less reliable than
those that focus only on PA. However, they should still provide important
information on the characteristics of feedback on affect and demonstrate
whether or not it can still be considered an untapped motivational technique
in the PA and digital intervention domain. Therefore these apps are important
in order to establish the full evidence base for the area of interest. This
argument is also true of those apps that use additional materials and
supplements to the app to capture affect and feed it back. However, apps
targeting multiple behaviours will be discussed separately, with a caveat for

the reliability and validity of their quality.

An inclusive approach was taken regarding the eligibility of different

populations. Overweight and obese adults were eligible, as were those who
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were merely ‘at risk’ of a disease, or were classified as ‘pre-diabetic’ or ‘pre-
hypertensive’. This was in order to be as inclusive as possible in defining a
non-clinical population. However, it could be argued that such individuals
could be seeking regular medical treatment which includes prescribed
exercise programmes, including a prescribed PA app, making this

classification inappropriate.

In addition, active adults (but not athletes) were eligible. They were included
as it’s possible that individuals with different motivation levels may prefer
more or less complex app interfaces, which may impact user perceptions (a
quality indicator) (Burns et al., 2012). In addition, it was deemed important to
know if all apps appeared to target already motivated, active individuals,

suggesting a gap in the intervention literature.

3.4.7.4 Quality assessment tools

3.4.7.4.1 Mobile App Rating Scale

Other tools and methods for quality assessment of apps or digital
interventions exist (Bondaronek et al., 2018; Muntaner et al., 2015; Peiris et
al., 2014; Reynoldson et al., 2014). However, as yet there appears to be no
consensus on a gold standard (e.g. Reynoldson et al., 2014). MARS has
been used to assess apps (e.g. Bardus et al., 2016), and appears the most
feasible and comprehensive instrument to capture the range of different and
complex facets of quality. Evidence suggests strong internal consistency and
inter-rater reliability for the items of MARS (Stoyanov et al., 2015). However,
the item capturing evidence-base did not have its reliability tested in the

validation study.

Although MARS attempts to capture theoretical components, this section
was considered extremely limited and weak by the research student, hence
the inclusion of the TCS instead. Other weaknesses include that MARS can
only be fully completed if the app under assessment is available for

download, and it's unclear how to code the app when it targets multiple
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behaviours. It was considered likely that few apps described in academic
papers would be available due to proprietary rights or difficulty in maintaining
the app, for example once awarded funding ceased. However, attempts were
made to access them. Therefore, for the purposes of apps that were not
available for download or focused on multiple behaviours, their scores could
be perceived as biased and therefore they are discussed separately in the

results.

MARS also attempts to determine the evidence for an app, including whether
it has evidence from one or multiple randomised control trials (RCT), which is
aligned with the higher scores by the item. The idea of the RCT as the gold
standard for determining effectiveness may not be appropriate for apps in the
first instance. Instead, different study designs and intensive iterative testing
should be performed before an RCT is conducted (Jake-Schoffman et al.,
2017; Michie et al., 2017). Given the recency of this literature, it seems
unlikely many RCTs will exist in this field. In addition, use of an RCT does
not guarantee a high quality study, it only suggests that RCT standards of
implementation should have been met, not that they were definitely met (e.g.
Brainard et al., 2016; Montori et al., 2006), meaning that this item may be

biased.

3.4.7.4.2 Theory Coding Scheme

The TCS is more comprehensive and flexible than other theory coding
schemes as already discussed, and development of the framework indicated
that it has good inter-rater reliability (Michie and Prestwich, 2010).

It is important to determine whether the theory being used is appropriate for
the behaviour/setting/population in question. Unfortunately, the TCS does not
include a determination of the relevance of the utilised
theory/constructs/predictors for the target behaviour, which may bias the

perception of theoretical quality.
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3.4.7.4.3 Behaviour Change Technique Taxonomy

The taxonomy demonstrates sources of bias. Although strong inter-rater
reliability scores were reported for the taxonomy, not all BCTs had
reliabilities calculated (Michie et al., 2013). Secondly, while taxonomy
training was completed by the primary coder to ensure reliable coding, it was
complex and lengthy and a second trained coder was not available for all
secondary extractions, weakening the reliability of the findings from this tool.
However, this is still an improvement on other studies using the taxonomy
that have not reported the use of trained coders (e.g. Direito et al., 2014). In
addition, the training recognises the importance of identifying techniques in
intervention descriptions, but it does not emphasise making a distinction
between interventions that use techniques multiple times, compared to those
that only use a technique once. Studies have been conducted to determine
the effectiveness or correlations between using more or less BCTs and
outcomes (e.g. McEwan et al., 2018), but as yet it appears that use of the
same BCT multiple times has yet to be explored (although use of a variety of
motivational tools for PA promotion has been advised (Bielik et al., 2012)).
This is worth exploring in future, given the evidence base for some BCTs

over others.

3.4.7.4.4 Behaviour change techniques associated with physical activity
change

Like the TCS, the BCT taxonomy, while useful for identifying BCTs, does not
provide information on their appropriateness for the target behaviour, or on
whether combinations or numbers of BCTs are appropriate. A recent scoping
review suggested that evaluating the effectiveness of individual or
combinations of BCTs is particularly challenging and current methods are
limited (Michie et al., 2018). Another review suggested that certain BCT
clusters are more frequent in theory-based interventions than others, but that
there is negligible difference in effectiveness between theory or non-theory-
based interventions, except for certain BCT clusters that appear to rely on

theory to exert effect, complicating matters further (McEwan et al., 2018).
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Therefore, to address the potential quality issue of including BCTs that may
not be associated with changing PA behaviour, a fit-for-purpose list was
created based on two reviews (Gardner et al., 2015; Howlett et al., 2018).
Two studies were selected as they were both recent, and therefore likely to
include the most up-to-date literature. In addition, they focused on two
slightly different elements of PA — one looked at promoting PA behaviour
change and maintenance in inactive healthy adults (Howlett et al., 2018),
while the other looked at reducing sitting time in adults (Gardner et al., 2015),
making the selection of BCTs they reported on more comprehensive and
inclusive. It's possible that this introduced positive bias to the identification of
certain ‘good’ BCTs, as the apps focused on one behaviour (promoting all

type of PA) more than the other (reducing sitting time in general).

3.4.7.4.5 Data collection/extraction form

The remaining quantitative and qualitative items were collected using a
standardised data extraction form devised for the study. Despite being
informed by previous work or tools where possible, these items were not
validated and may have been subject to poor reliability and validity. However,
attempts were made to ensure comprehension by producing and including
specific definitions of quality indicators (table 8), piloting the form with an
additional researcher familiar with the app literature, and use of extensive

guidelines to facilitate standardised data extraction and assessment.

Finally, and perhaps most importantly, to date it does not appear that quality
assessments using these tools have been performed with only descriptions
of the apps as provided in peer-reviewed papers. Scoping and personal
communications with academics suggest that apps developed and reported
in the academic literature may not be available, due to concerns over
intellectual property, inability to maintain the app, or versions discussed may
no longer be available due to updates. Therefore this is a novel approach,
and as such, where apps are unavailable, they are discussed separately as
scores may be biased by limited information.
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3.4.7.5 Quality assessment in general

A discussion of the literature on evaluating health apps suggests a number of
challenges for the present quality assessment, specifically: establishing
content when implementation and operationalisation is so varied and
changes based on use, additional payments or updates (Jake-Schoffman et
al., 2017). In each case, data could be unreliable. Therefore the following
mitigating practices were implemented: apps were downloaded where
possible and updates prevented to ensure comprehensive collection of
content; the same devices were used and detailed, explicit guidelines for
quality assessment were produced and piloted to ensure understanding and
promote consistency between coders. Where apps were available they were
tested for 48 hours to allow new features and content to emerge. However,
as mentioned previously, anecdotal evidence from discussions with authors
of papers that assessed individual apps suggest that few apps would be
available for download, a weakness of both that literature and this systematic

review.

3.4.8 Ethics and approval

As this study collected secondary data, that did not involve directly collecting
data from participants, it was not subject to ethical review. This is in
accordance with previous literature reviews of apps that have stated that
ethics approval was not required (Mateo et al., 2015; Roberts et al., 2017).
Participant data within the papers should have already been anonymised and
participants should have been selected without prejudice and consented
without coercion, for the purposes of the original study. In this respect, the
data provided by original participants is synonymous with data from
qualitative studies, which is also routinely re-collected and reported as part of
gualitative literature reviews, without seeking consent from the original

participants.

The topic of interest was considered low-risk and did not require collection of
any sensitive information. Apps were downloaded for review onto project

devices, rather than a personal device, therefore private data was not at risk
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at any time. Mock information was entered into the apps to test functionality.

Real data were not required.

There are many issues around the ethics of digital research. Despite the age
of the internet, it is only in recent years that ethical review boards have
begun to understand the potential risks, and guidelines have begun to
appear such as those produced by the Association of Internet Researchers
(AOIR) (Markham, 2012). Scientific societies such as the British Sociological
Society, British Psychological Society and British Society of Criminology, are
starting to include digital research in their statements of ethical practice and
align with principles provided by the AOIR (e.g. British Sociological Society,
2017). Previously, data collected from the internet was considered and
processed in terms of ethical considerations in much the same way as text
data such as newspaper reports (see discussion in Flick and Tiidenberg,
2018). Therefore it was considered to be unaffiliated with a person. However,
newer recommendations now suggest using the human subjects model when
making ethical considerations regarding digital data (Flick and Tiidenberg,
2018). This suggests that text-based data written by people in a digital
context such as a web-forum, social media site (or subsequently an app),
should be considered as linked to the person and able to cause them
potential harm and/or identify them if not sufficiently protected and
anonymised. Therefore traditional concepts such as those defined in the
Declaration of Helsinki which outlined principles of ethical research now need
to be adhered to. However, for the purposes of the systematic review, these
ethical standards are irrelevant, as they should have all been adhered to as

part of the original studies.

3.4.9 Screening

The systematic review was conducted following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines
(Moher et al., 2009). Screening criteria and tools were developed for titles,

abstracts and full texts. They consisted of Excel spreadsheets where coding
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decisions were captured, and a set of guidelines for screening (See

appendices 7-9 for guidelines).

3.4.9.1 Title screening

Following deduplication, a conservative approach to title screening was
taken to avoid loss of potentially relevant papers. Titles were screened on
five criteria: obvious irrelevance, mention of an app or other allusion to
technology that could include apps such as use of the terms ‘digital’ or
‘ecological momentary assessment’, whether it was a review, if it focused on
PA and if the participants were free-living adults with no obvious serious
health conditions. During piloting of approximately 100 titles, two additional
items were removed from screening: whether it was a duplicate (this could
be noted in a separate notes cell rather than requiring explicit coding for all
titles) and whether feedback on affect was mentioned, as it was expected
that this would likely feature in the abstract rather than title. Criteria were also
clarified to make coding easier (for example participants were additionally
referred to as ‘target group for change’ as some studies used parents to

enact interventions for children, which caused some confusion for coding).

Following piloting, the primary researcher (LL) screened titles for inclusion. A
random selection of 25% (n=1226) of titles were divided between two
additional researchers and screened to check consistency. The selection list
was generated using www.random.org and the Random Integer Set
Generator. Screeners agreed on codings for approximately 83% of papers
(where both the reasons for exclusion and the final decision to include or
exclude were compared, and absolute agreement was sought), which
extrapolated to approximately a 4% error rate for the total set of papers
(n=4901). When only looking at discrepancies for the decision to
include/exclude, percentage agreement was approximately 91% and chance-
corrected inter-rater reliability calculated using unweighted Cohen’s Kappa =
0.31, P < 0.0005 (Cohen, 1960). This is considered only fair agreement
(Landis and Koch, 1977). However, when the discrepancies were examined,

it was found that poor agreement was due to the tendency for the first coder
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(LL) to be very inclusive, therefore although the inter-rater reliability was
poor, it was poor in a sensitive way. In fact LL had a sensitivity value of
75.6% (31/41 included studies) resulting in more potentially irrelevant papers
being passed through to abstract screening (a Type | error) rather than
eligible papers being incorrectly excluded at title screening (a Type Il error).
Therefore, the rate of agreement was considered acceptable and the need to
second-screen the remaining 75% was rejected. Agreement statistics were
calculated using the Statistical Package for Social Sciences (SPSS) v20.

3.4.9.2 Abstract screening

Missing abstracts were located where possible (n=5), otherwise papers were
sent through to full text screening without having abstracts screened (n=2).
Abstracts for eligible papers and protocols were screened based on three
criteria: focus on PA promotion, reference to use of a native app and adult,
free-living participants with no obvious serious health conditions. Piloting of
the screening tool on 100 abstracts led to slight changes in wording of
criteria and clarification of exclusions. For example, if the intervention
involved standard text-messaging this could be excluded. However, if there
was a suggestion that a text messaging app was being used or an app that

sent messages, it was retained in order to clarify the functionality of the app.

Based on abstract screening performed by LL, it was agreed that few papers
(n=1) were likely to be eligible following full text review. Therefore, it was
agreed that one of the eligibility criteria would be expanded. The focus on PA
behaviours to the exclusion of other behaviours was expanded to include
papers that examined apps exploring other behaviours (e.g. nutrition
behaviours) in addition to PA (as reported in the Inclusion/Exclusion criteria
for the intervention). Titles which had been initially excluded due to this
criterion were re-screened which resulted in an additional 44 papers being
passed through to abstract screening. Abstract screening guidance was
updated to reflect this change and abstracts that were originally excluded

were re-screened. Each abstract was screened independently by a second
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researcher and discrepancies resolved by a third researcher as required (see

appendix 8 for guidelines).

3.4.9.3 Full text screening

Twenty texts were scoped by LL to ensure relevance before submitting to full
screening. These were comprised of abstracts that reported an undescribed
‘telephone-based intervention’, and unfamiliar technology-based
interventions such as interactive voice response (the latter was subsequently
considered not to be an app). These were scoped separately as it was
deemed unlikely that they would include an app and the number of full texts
for screening was extensive. Full text papers were screened independently
by an additional researcher. Any outstanding discrepancies were resolved by
discussion with a third researcher as required. Where papers provided
insufficient detail to enable screening (e.g. in relation to the app and
feedback) and if other linked references had been cited, these were viewed
for clarification and/or authors were contacted. Reference lists of relevant
looking reviews identified during screening (and excluded as ineligible
documents) were hand-searched for potentially relevant additional studies
which were also full-text screened if their titles did not immediately exclude

them.

The full text screening tool checked papers for the inclusion of a focus on
PA, reference to a native app, provision of feedback on participant affect and
a healthy adult free-living population. During piloting an item was added so
that all inappropriate papers could be screened out (editorials, reviews), but
notes could still capture whether relevant linked papers should be accessed
and screened. Guidelines accompanied the full text screening tool (Excel
spreadsheet) and were adapted during piloting to allow for poor description
of potential apps and feedback and to prompt further exploration via contact
with the author or linked papers. Piloting by an additional researcher familiar
with the app literature also resulted in ‘unsure’ coding categories being

removed, further clarification of apps, feedback and affect, and papers being
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classed as only ‘include’ or ‘exclude’, without a ‘review’ option (see appendix

9 for guidelines).

3.4.10 Data extraction

Prior to data extraction, authors of the included papers were contacted, app
stores were searched, and the app names were used to search the original
five databases targeted by the review, to determine if the app was accessible
for download and if there were any subsequent papers providing evidence on
the app. Search terms included app names, both long versions and
acronyms, combined with first author names and affiliations using Boolean
operators (see appendix 10 for search strategies). Searches were limited by
date to 2000 onwards. Results were sorted by relevance and the first 50
entries checked for eligibility using title and where necessary, abstract.
Papers that appeared to assess the quality or effectiveness of the app alone
were retained. Papers were not retained if apps were tested on ineligible
populations as defined in section 3.4.3 or were combined with other
intervention content without individual evaluation of the target app. The
additional searches were limited due to time and resource constraints. A
sensitive screening process was carried out by the primary screener. Double
checking was not performed as the search terms and eligibility criteria were
considered sufficiently specific and straight-forward and it was expected that
key papers would and should have been highlighted by authors/developers.
Eligible papers, reported trial registries, authors’ publications and Google
Scholar citations of the original paper were also checked for additional

citations describing the eligible app.

A previous review of apps has advocated downloading apps to assess their
full content (West et al., 2013). Therefore, where available, the app was
downloaded onto a compatible device (Samsung Galaxy S6 phone (Android
7.0) or iPhone 6 (I0S 12) and trialled for 48 hours to allow comprehensive
extraction. If the app was available in the app store, a link to the app page
was also collected to allow completion of MARS. Apps, store links and extra

papers (where available), as well as the original paper comprised the full
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types: promoting PA alone, promoting PA and other behaviours, and a

protocol paper. Discrepancies were resolved by a third researcher as

required.

Table 11 Extracted data for systematic review

Data type

Data extracted

Administrative details of
paper

Authors, title, year, country study was conducted
in, app availability and availability of extra
evidence for app.

Methods

Study type, design, duration, whether or not
quality assessment was conducted, how and if
issues were addressed, whether or not usage
was captured and how.

Participants

Number, setting, diagnostic criteria, age, sex,
country, socio-demographics, ethnicity.

Interventions

Number of groups, specific intervention - with
focus on details of app and any relevant
associated tools/content — name, description,
targeted behaviour(s), type of PA targeted,
platform, developers’ affiliations and credentials
and involvement of users, type of affect captured
and method and duration of capture and
feedback, use of tailoring, technical aspects,
theoretical underpinnings, presence of PA
recommendations for adults, and if in an app
store: cost, size, store rating, number of ratings
and version, release date and last update;
presence of behaviour change techniques and
those associated with PA change, security and
privacy features.

Results

Detailed overview of quality outcomes measured
by authors, MARS, TCS.

Other

Miscellaneous comments and key conclusions of
relevance to the review questions, references to
other relevant studies or linked papers that
describe reported apps further.

MARS = Mobile App Rating Scale, PA = Physical Activity, TCS = Theory Coding Scheme

3.4.11 Analysis and synthesis

Inter-rater reliability was calculated for MARS scores and BCT coding for
each app using the SPSS v20 and STATA v14.1.

The study protocol published in PROSPERO stated that Krippendorffs alpha

was to be used to assess inter-rater reliability due to its ability to
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thesis is to configure these findings into an argument that allows for
recommendations to be made, a goal of mixed research synthesis
(Sandelowski et al., 2006). Categorical strategies were used to reduce data
into data chunked categories relevant to the research questions (Teddlie and
Tashakkori, 2009, p.25).

3.4.11.1 Analysis of subgroups or subsets
Results were divided and reported in discrete groups: public versus

literature-based apps and apps that targeted multiple behaviours, compared
to those that only targeted PA.
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4. Methods: Study 2: Systematic evaluation of publicly available apps

4.1 Introduction to chapter

Despite their rigorous development and evidence-based content, literature-
based apps represent a small proportion of those currently available to the
public. In some cases literature-based apps may not be generally available
to the public for a long time, or potentially never, and they may be more at
risk of becoming outdated and obsolete due to the reliance on finite funding,
resources and staff. As such, it would be misguided to ignore the voluminous

and popular publicly available apps — the other part of the app landscape.

While apps that include researchers on the development team may result in
evidence-based content, publicly available apps are likely to be advertised to
users in a more attractive way (Freeman et al., 2017) as developers strive for
downloads, and be more engaging to users as engagement can mean profits
from adverts, subscriptions or in-app sales. Researchers and developers can
learn from both types of apps. The following chapter outlines the methods for
a systematic evaluation of public apps available in the Apple and Google

Play app stores.

4.2 Defining quality
The same 13 quality criteria and definitions specified in the previous chapter
(3.2) were used for the app evaluation.

4.3 Research questions and objective
Aim: To assess the characteristics and quality of public apps in the app

stores that use feedback on immediate affect to promote physical activity.
Research questions:

1. Are there any publicly available physical activity apps in the app
stores that include feedback on immediate affect (mood) to facilitate
behaviour change?
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2. What are the characteristics and content of publicly available physical
activity apps in the app stores that include feedback on immediate
affect?

3. What is the quality of these apps that provide feedback on immediate
affect, where quality is defined as a multi-faceted concept consisting

of 13 features?
Objective:

02: A systematic evaluation of publicly available apps in the app stores will
be conducted to identify apps that include immediate feedback on affect for

adults. Quality and characteristics were captured and assessed.

4.4 Evaluation methods

4.4.1 Ildentifying apps

Multiple app stores and clearinghouses exist including stores for different
smartphone operating systems such as the Apple App store, Google Play,
Blackberry app world, Ovi by Nokia, Palm app catalogue, Windows Mobile
marketplace and Amazon App store. In addition, other clearinghouse sites
that focus on health apps for clinicians or patients also exist: iMedicalApps
(iMedical Apps, n.d.), AppScript (IQVIA, n.d.), HealthTaps’s (HealthTap,
2010) AppRx, NHS Apps Library (National Health Service, n.d.), and so on
(Boudreaux et al., 2014). Closer inspection of the range of clearinghouses
reveals challenges both from a user and researcher’s perspective.
Challenges include ease of access, for example some are no longer open to
the public (Happtique), or provision of limited, out of date, app lists
(iMedicalApps). Some require registering for an account (AppScript,
HealthTap) or include few apps (AppScript, NHS Apps Library). The stores
for the different operating systems also vary, but Android and iOS (Apple)
smartphones have the biggest market share compared to other operating
systems (Chau and Reith, 2019; Statista, 2017). Google Play and the Apple

App store also hold more apps than the other stores (Dogtiew, 2019).
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Therefore, the evaluation focused on the most prevalent smartphone

platforms and their stores.

Due to the larger number of apps on, and downloaded from, Google Play
compared to the Apple App store (Business of Apps, 2016) and the
prevalence of Android smartphones (Holst, 2019), the evaluation of
commercial apps focused on those for Android devices. In practice, this
meant that where duplicates occurred between stores, the Android version

was retained for evaluation.

4.4.1.1 App store access

App Annie (App Annie, 2010) was searched for relevant apps. App Annie
required free registration to access the top charts and allowed for a more
usable interface to access a large numbers of Android apps in a single point
in time compared to Google Play. It also allowed access to past daily

rankings, ensuring a more replicable data collection method.

4.4.1.2 Identification approach and rationale

The top 100 free and top 100 paid Android apps from Google Play and iOS
iIPhone (not iPad) apps from the Apple App store, in the ‘Health & Fitness’
category of each store, were sought. This category was chosen in line with a
recent evaluation of PA apps by Bondaronek et al., (2018). (Originally
AppBrain (AppTornado GmbH, 2010) was going to be used to identify
Android apps, however duplicates were found within the Top App lists that
suggested this site may be less reliable and/or change more frequently,
making it difficult to get a static list for long enough to extract the relevant
data.) The top free and paid charts, rather than top downloads or top overall

rated app charts were chosen for the following reasons:

1) Scoping of the top downloaded and top rated apps charts on AppBrain
indicated that the number of PA apps based on their titles in the top
200 from each category was roughly equivalent to the number in the
top 200 free and top 200 paid apps (as of 19/20 of July 2018).
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the charts displayed in the app stores and therefore most

representative of the user experience. However, it is worth reiterating

that the algorithms used to derive these ‘top’ charts are proprietary

and so it cannot be confirmed how these charts were derived, despite

speculation that downloads, reviews and star ratings are being

combined in some way (Bankhead, 2017; Bardus et al., 2016;
BinDhim and Trevena, 2015).

4) Searching UK app stores ensures relevance to the UK setting and

increases transferability of findings and recommendations to a UK
context (Anderson et al., 2016)

4.4.2 Types of Apps

Eligibility criteria of apps were identical to that of the systematic review (see

3.4.3). A brief overview is provided in table 12 for ease of reading and

additional criteria reported.

Table 12 Characteristics of eligible apps for app evaluation

Characteristic

Criteria

Users

Free-living adults (18 y.o+). Apps must not be targeted at a
specific clinical population.

Target
behaviour

Smartphone apps with the primary aim of increasing,
(lifestyle or structured) PA behaviour or intentions or
decreasing sedentary behaviour/amount of inactivity were
searched for. Apps that focused on multiple lifestyle
behaviours including PA were eligible for evaluation.

Wearables

Apps that connected to a wearable such as a Fitbit, were
included, but wearables were not sourced to check full
functionality due to cost restrictions.

Affect

Affect referred to any change in non-clinical affect including
but not limited to (mental) wellbeing, non-clinical stress,
occasional anxiety (e.g. in response to risk or uncertainty)
or low mood, enjoyment, happiness, pleasant or unpleasant
feelings, and excluded any clinical measures of recognised
affective disorders such as clinical depression (e.g. bipolar
or major depressive disorder) or chronic anxiety (e.g.
Generalised Anxiety Disorder or obsessive compulsive
disorder).

It was considered unlikely that this would be specified in a
public app; however when relevant, health-related quality of
life was included as certain subdomains such as ‘emotional
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function’ were thought to be relevant for this evaluation.
Where identifiable, apps focused on physical wellbeing, not
mental wellbeing, were excluded.

Feedback on | Apps that included feedback on user affect (positive or
affect negative), preferably with a focus on PA-contingent affect,
were eligible for evaluation.

Feedback could be available to the user after completion of
a measure for any duration of time that appeared to allow
for awareness raising, consideration and learning. In
addition, information could be provided during or directly
after being active, or at any time during app ownership.

A recent review of apps that collected affect suggested that
there was a variety of methods of capture available,
including custom words or a note, predefined words, colour-
scales, emoji’s, audio or pictures (Caldeira et al., 2017).
Therefore a broad interpretation of methods of capture was
allowed including these options. Capturing affect could be
apparent or referred to in the app description or
screenshots as an indicator of potential feedback on affect,
prior to downloading the app.

If apps had a basic and deluxe version that were listed
separately within the app store top charts, they were
considered as separate apps (e.g. Breton et al., 2011). If
there was an in-app upgrade option, that was free to do and
accessed more features, this was considered part of the
same app.

4.4.3 Outcomes
Outcomes of interest were identical to those collected for the systematic

review (3.4.4), with one change.

e Themes relating to quality of the apps as derived from a sample of the
50 most recent user reviews, extracted from the date the app was

downloaded onwards.

4.4.4 Quality assessment of publicly available apps
Quality assessment of the publicly available apps was conducted in almost
exactly the same way as for the literature-based apps. A proportion of apps

were assessed by two researchers using the 13 quality indicators and
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methods of assessment reported previously in sections 3.4.5 and 3.4.10.

Disagreements were discussed with a third researcher as necessary.

One change included how the Development team was assessed. Public
apps were assumed to include technology experts where they were
distribution by established companies. Websites were searched for other

details of development teams such as behaviour change experts.

The Quality and Risk of Bias Checklist for Studies that Review Smartphone
Applications was used to ensure reporting of methods of the app evaluation
(BinDhim et al., 2014).

4.4.5 Bias, reliability and validity

4.4.5.1 App stores

I's possible that relevant apps were missed as only two app stores were
searched. However, given that the two chosen were the largest and cater to
the most popular device operating systems, this was considered a minimal

risk.

4.4.5.2 Identification approach

Although search terms have been used in previous studies assessing
publicly available PA apps (e.g. Knight et al., 2015; West et al., 2013), due to
the proprietary nature of the app store algorithms it was unclear how apps
might be chosen and returned following the search. This meant the
identification process would be less replicable as algorithms could change
over time. Using top charts, and a website that allowed access to back-dated
charts, meant that replication would be more feasible and reliable.

In addition, there has been a proliferation of guidance for developers to
enhance downloads, known as ‘App Store Optimisation’ (e.g. Zolotareva,
2017). This has included the importance of keywords — often identified by
just looking at other high ranking apps (e.g. Lamattina, 2016). Therefore, it's
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possible that terms may not have been reliable indicators of content or
purpose and were subject to bias in order to enhance downloads. Testing of
PA terms in Google Play (conducted summer 2018) suggested that terms
were not sufficiently discriminatory and returned apps with irrelevant
descriptions. Testing in App Annie (autumn 2018) showed terms were

similarly unreliable.

Therefore, fewer relevant apps may have been captured, biasing the findings
from the review and resulting in an incomplete data set, but in this instance
replicability and reliability of methods were considered preferential. Future
strategies to identify relevant apps may require input from app store

technicians.

4.4.5.3 Types of apps

Like the systematic review, the inclusion of apps targeting multiple
behaviours may have caused problems of attribution, but the argument from
study 1 stands (see section 3.4.9.2). They are acknowledged as problematic

and will be discussed separately.

The limited information provided in app descriptions and screenshots
suggests relevant apps may have been missed. Short of downloading and
trialling the full set of 400 apps, there’s little that could have been done to
mitigate this issue. Pragmatically, this was not feasible in the time frame or in
terms of monetary cost. However, to address the issue of missing potentially
relevant apps, a revised screening approach was devised. Where app
descriptions and screenshots did not mention affect, but otherwise met the
eligibility criteria, they were retained and categorised as ‘unsure’. If after
downloading, apps that demonstrated feedback on affect in their description
were found to be ineligible and a sample size of close to at least 10 apps
could not be reached, this retained group was sampled randomly for
download and eligibility checks (see screening section 4.4.7 below). This
was a novel and feasible approach to managing poor reporting in app
descriptions and the likelihood of low numbers of eligible apps. However, it is
acknowledged as a potential weakness which may have biased findings.
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4.4.5.4 Quality assessment tools

4.4.5.4.1 Mobile App Rating Scale and Theory Coding Scheme

While MARS was more easily and reliably completed as apps were available
for download, the TCS and item 19 of MARS may have been subject to bias
due to limited information. It was hypothesised that few public apps would
have had their development (or effectiveness) reported in the academic
literature and therefore information on theoretical underpinnings would likely
be restricted. In order to address this, developers were contacted, app
websites viewed, and five databases searched for relevant evidence (see
4.4.8).

4.4.5.4.2 User reviews

User reviews were extracted for additional information on user perceptions of
the quality of the apps. Reviews were collected in addition to star ratings,
because there has been debate over whether or not star ratings are
indicators of popularity rather than content quality (Billiet and Vanden
Bdssche, 2016). However, there has also been concern over the use of
reviews as indicators of quality, due to the fact that a user’s understanding of
the app topic may be limited, making it difficult to provide a reliable
judgement, the questionable veracity of reviews (some positive reviews are
paid for by app publishers) and the likelihood of oversampling extremely
positive or negative experiences (BinDhim et al., 2014; Jake-Schoffman et
al., 2017). Having said that, any qualitative data collected from people is
subject to bias and researchers have little opportunity to verify individual
accounts, short of performing member checking (or respondent validation).
This is challenging due to the dichotomy between an individual’s view and a
researcher’s perspective of an entire dataset, as well as still being subject to
members sharing ‘a common myth’ or desire to mislead (Lincoln and Guba,
1985, p.315; Mays, 2002; Varpio et al., 2017). However, credibility of the
reviews was established during testing of the apps by the research student

by comparing her experience of the app with that of reviewers such as
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functionalitiy and errors. Additionally, the use of the most recent reviews
should minimise the issue of reviews seeming unreliable, if in fact they report
on an older version of the app. In addition, previous studies have found
distinct differences between positive and negative reviews, suggesting that at
least negative reviews can be informative and are likely to be of value for
determining user perspective (Vasa et al., 2012). Although other evidence
from industry suggests that positive reviews are of more value to developers,
as reviews are considered trustworthy by app users (Rhodes, 2019). User
reviews have previously been assessed to guide developers in future design
of high quality apps and are seen as powerful tools for users to self-assess
app quality (Khalid et al., 2014; Vasa et al., 2012).

4.4.5.5 Quality assessment in general
A discussion of the potential issues with establishing app quality has already
been reported in section 3.4.7.5 for the systematic review (study 1) and

applies to study 2.

4.4.6 Ethics and approval

Human data was collected in the form of user reviews posted to the app
store websites for eligible apps. Therefore, unlike the systematic review, the
ethics of this data collection needed further consideration. In accordance with
the Association of Internet Researchers ethics recommendations (Ess and
AoIR ethics working committee, 2011), protection of individual user privacy
was considered based on the acknowledged public nature of the app stores.
App stores and their user review functions are clearly in the public domain,

as reviews can be accessed without any form of registration or login.

The nature of the data was not sensitive, constituting reviews of PA app
functionality and preferences. In addition, app store guidance for reviewers
asks that no personally identifiable information is posted within a review (e.g.
Google, n.d.) However, user names or handles and any identifiable
information were removed/anonymised before analysis and storage. Analysis

resulted in the use of quotes, which were anonymised before reporting. In
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addition, apps targeting adults were sought. Therefore user reviews should
not have included reviews from minors which may have be more
problematic, due to safeguarding rules and ethical practices for research

involving children.

Finally, the app store functionality meant that reviewers could not be
contacted to gain consent to use their reviews. Therefore, as the reviews
were considered public and reviewers could not be contacted, no consent
process took place or was deemed necessary. However, as human data was
being collected, approval was obtained from the Chair of the Humanities,
Social and Health Sciences Research Ethics Panel at the University of
Bradford (Ethics Checklist EC25643, 3™ April 2019, appendices 11,12).This
precaution was taken despite being unable to identify any manuscripts
analysing user reviews that also reported seeking ethical approval for
exporting them from the app stores (e.g. Guzman and Maalej, 2014; Khalid
et al., 2014; Mcllroy et al., 2016; Vasa et al., 2012; Wiles et al., 2018).

4.4.7 Screening and deduplication

4.4.7.1 Phase 1 — App charts

The top 100 free and top 100 paid apps in the UK, in the Health & Fitness
category for both the Google Play and Apple App stores, displayed in App
Annie were extracted from their charts on 315t October 2018 using

screenshots to capture time and date of extraction.

App titles and hyperlinks to the app descriptions were transferred to an Excel
spreadsheet and duplicates were removed based on title, developer, logo,
description, pictures and price, with Android apps taking precedence. During
deduplication it was found that two paid apps from Google Play were listed
as being free. As it was unclear why this had occurred (again due to
proprietary algorithms of the stores and App Annie) an additional two apps
were extracted from the end of the paid list to avoid bias (apps numbered
101 and 102 from the original top chart.)
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4.4.7.2 Phase 2 — App titles and descriptions

A standardised, piloted, proforma was used to assess app titles, descriptions
and screenshots where provided. They were assessed for whether they
targeted PA, targeted a specialist/clinical group or non-adults, referred to
capturing affect at all, or were in English (see appendix 13 for guidelines).

Piloting resulted in the following changes to the inclusion/exclusion criteria:

e Apps were included if their main focus was to track or self-monitor PA,
for example pedometer apps, heart rate or pulse monitoring apps.
These were included as self-monitoring is considered a behaviour
change technique and therefore constituted actively promoting PA.

e Comparatively, apps that only provided map routes for walking or
cycling, timers for interval training or calculated weights for weight
lifting training were excluded. These were not thought to represent a
behaviour change technique and would likely support activities
already being performed, rather than promote their performance.

Excluded apps included period trackers, sleep timers and pregnancy apps,
among others. As it was expected that few apps would be eligible, an
inclusive approach was taken to identifying apps with a PA component. Apps
that targeted multiple behaviours (e.g. nutrition behaviours) in addition to PA

were included, meaning that weight-loss apps were often included.

Where affect capture/feedback was not suggested, this criteria was coded as
‘unsure’. These apps could then be sampled from if initially downloaded apps
(phase 3), revealed too many ineligible apps to reach a preferred sample

size of approximately 10 for evaluation.

Two researchers screened each of the apps for relevance and where

necessary, outstanding discrepancies were reviewed by a third researcher.
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4.4.7.3 Phase 3 — Testing downloaded apps

Apps that were identified as potentially including feedback on affect were
prioritised for download to confirm its presence. As communication with an
author of a recent review suggested that few PA apps containing a mood
component existed (Bondaronek, 2017; Bondaronek et al., 2018), a preferred
sample of approximately 10 was the initial goal. When those apps prioritised
for download did not allow that goal to be reached, the retained pool of PA
apps from phase 2 were randomly sampled, in batches of 10, and
downloaded until the sample size was reached and/or time to complete the

study and financial resources were limited (see figure 9).

Apps were installed onto the same devices used for the systematic review.
Apps were initially assessed by a single reviewer (LL), for approximately 1
hour, to determine presence of affect-based feedback, unless the app
suggested that longer testing was required for identification. A second
reviewer double-checked the apps based on the primary reviewer’s

decisions.

Apps that required additional linked devices e.g. wearables, were retained
but were assessed based on app descriptions and in-app information only.

Linked devices were not sourced due to financial constraints.
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Figure 9 Flow diagram of identification of relevant apps
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4.4.8 Data extraction

As reported in previous studies of public apps, following confirmation of

feedback on affect (phase 3), app developers and websites were

contacted/viewed for further evidence and information on their app (Knight et

al., 2015). Using the same methods as study 1, databases were also

searched for any relevant evidence base for the apps using the app name
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Table 13 Extracted data for public apps

Data type Data extracted
Administrative details of | Name, version, rating, developer, developer
app credentials, number of ratings, release date, last

update, cost, platform, affiliations, technical
aspects, whether extra devices were
required/paired with app.

Targeted users Diagnostic criteria, age, sex, socio-demographics,
ethnicity.

App content and target | Size of app, security and privacy features,
description, tailoring/personalisation, PA
measurement, targeted activities/behaviours,
inclusion of PA recommendations, type of affect
and how it was captured, processed and fed back
and how long it was available for, BCTs, BCTs for
PA, use of other tools/materials to feedback

affect.
App development Involvement of users
Measures and results of | Usage, if and how quality was assessed, results
quality assessments, of quality assessments, whether or not quality
most likely reported in issues were addressed
extra evidence if
available
Quality results As captured by MARS and TCS
Other Miscellaneous comments from extra evidence
User reviews Fifty most recent user reviews from the date the

app was downloaded

BCT = Behaviour Change Technique, MARS = Mobile App Rating Scale, TCS = Theory
Coding Scheme

During preparation for data extraction, it was discovered that two apps had
automatically updated themselves and could not be downgraded back to the
original version (Runtastic, Runtastic PRO). User reviews were subsequently

re-extracted from the date of update based on the software version.

Piloting of the data extraction tool which included all of the quality
assessment items, on one app by two researchers led to the following

adaptations:

e Top 50 reviews were extracted separately by LL and not subjected to

double extraction.

Two apps (One You Couch to 5k, Keep) had MARS and the BCTs
independently extracted by two researchers. As the data extraction forms for

the two studies were so similar, and no major concerns were raised for
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content beyond MARS and the BCTs, it was considered acceptable as well
as pragmatic, for the rest of the extracted data for the two public apps to be
double checked, rather than double extracted. One additional public app’s
data was double checked by an expert in health interventions (Runtastic
Heart Rate PRO). These apps were chosen as they represented the range of
apps: promoting PA only, promoting PA and other behaviours and a self-

monitoring app alone.

4.4.9 Analysis and synthesis
Analysis and synthesis were identical to those performed for the systematic
review apps (see section 3.4.11). The one exception being data from user

reviews.

User reviews were thematically analysed. A combination of deductive
themes and inductive themes were developed. Deductive themes were
informed by a priori complaints, or overarching categories adapted for PA
apps sourced from Khalid et al., (2014) and Milward et al., (2016) as well as
derived from the 13 quality indicators defined in 3.2. Six phases of thematic
analysis were conducted in accordance with guidance from Braun and
Clarke, (2006), with themes discussed and reviewed for face validity within
supervisory meetings. The variety and type of quality issues were of interest
and only a limited number of app reviews were extracted, therefore it was not
appropriate to perform content analysis or an assessment of inter-rater
reliability. NVivo 11 was used to organise and code data. User reviews were

also classified as either having a positive or negative sentiment, or both.
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5. Combined results of studies

5.1 App selection

5.1.1 Apps identified by systematic review (study 1)

Initial screening identified 137 papers, including 25 potentially relevant
additional papers found from relevant reviews that appeared in the original
searches. Following full text screening, 10 papers describing 13 apps
(Fanning et al., (2017) reported four apps) were found to be eligible for
inclusion (Bentley et al., 2013; Brindal et al., 2016; Fahim et al., 2014;
Fanning et al., 2017; Fernandez et al., 2013; Forster et al., 2017; Harris et
al., 2018; Hearn et al., 2014; Kim et al., 2015; Podina et al., 2017). Many
ecological momentary assessment studies describing apps that captured PA
and affect were identified. However, they were excluded as they looked for a
relationship between the two variables, rather than aiming to promote PA
(e.g. Lathia et al., 2017). One app was included despite it being a web app,
rather than a native app, as the authors advocated its use on a smartphone
(Fanning et al., 2017). Others had allowed access via any medium
(computer, tablet, smartphone). One app was retained despite the age range
starting in young adolescence as the users included those up to 29 years of
age, despite using an iPod Touch as it used apps and was anecdotally
considered a precursor to the iPhone (Kim et al., 2015). In addition it was
one of few apps targeting a more at risk population One app that was initially
included was subsequently excluded, as the only available information was
from a short-form conference paper and no further details of the app were
forthcoming from authors (Deline et al., 2012).

Four authors replied to requests for further information/evidence. Further
details were provided for one app (Bentley et al., 2013). No additional papers
were provided and no apps were made available or located in app stores.
Eleven additional papers were found from searches, that provided extra
evidence for the apps (Ali et al., 2015; Brindal et al., 2018; Cleland et al.,
2013; Fatima et al., 2015; Idris et al., 2015; Lyons et al., 2014, 2017; Melton
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et al., 2016; Podina et al., 2018; Saleem et al., 2012; Tollmar et al., 2012).
One additional paper describing one literature-based app (Up) and one
public app (Fitbit) was identified during searches conducted for evidence for

the public apps also (see 5.1.2 and figure 10).

Figure 10 PRISMA flow diagram
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5.1.2 Apps identified by systematic evaluation of publicly available
apps (study 2)

Four-hundred apps were extracted from App Annie on the 315t October 2018
(App Annie, 2010), plus an additional two paid apps, as it was discovered
that two free apps appeared in the top paid Android list erroneously
(FODMAP; Gluten Free Scan UK — Full — Coeliac healthy diet). These were
taken sequentially from places 101 and 102 of the list. Following de-
duplication, 375 apps had their titles and descriptions reviewed for eligibility,
resulting in 17 apps for download and 176 apps where it was unclear if they
incorporated affect. Descriptions of yoga apps were reviewed by LL twice -
based on feedback from double screening - as they often referred to
elements of wellbeing and mood. However, descriptions were sufficiently
vague to suggest that these apps were ineligible. Downloading and
assessing the apps resulted in 6 eligible apps — Runtastic, Runtastic Heart
Rate PRO, Runtastic PRO, Period Tracker Clue, One You Couch to 5k and
Samsung Health. One additional app from the ‘unclear’ pool, Runkeeper,
was downloaded for assessment and subsequently included, based on
evidence that it included an affective component (Baretta et al., 2018). An
additional random sample of 10 apps from the ‘unclear’ pool was taken from
each of the paid and free apps to try to bring the total for evaluation closer to
10. Two additional free apps were included: Fitbit and Keep, resulting in a
total of nine apps, seven free (Fitbit, Keep, Runkeeper, Runtastic, Clue, One
You Couch to 5k and Samsung Health), two paid (Runtastic Heart Rate
PRO, Runtastic PRO).

Six app developers replied to requests for further information/evidence on
eight of their apps (where one developer, Runtastic, created 3 eligible apps).
While most referred to sections of the app website for further general
information about the app, only one provided details of an academic study

evaluating the apps quality (Clue, (Moglia et al., 2016)).

Twenty-six additional papers were found describing one app, Fitbit,
(Altenhoff et al., 2015; Anton and Rodriguez, 2016; Bauer and Kriglstein,
2016; Beltran-Carrillo et al., 2019; Bouts et al., n.d.; Crawford, 2013;
Eisenhauer et al., 2017; Ellingson et al., 2019; Fallaize et al., 2019; Freis et
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al., 2018; Griffiths et al., 2018; Karduck and Chapman-Novakofski, 2018;
Klenk et al., 2017; Klock and Gasparini, 2015; Lyons et al., 2014; Martinez-
Nicolas et al., 2017; Miller et al., 2014; Papon et al., 2015; Pentakota et al.,
2019; Pipitprapat et al., 2018; Poojary et al., 2018; Ramirez et al., 2016;
Tong et al., 2018; Towler et al., 2018; Ullrich et al., 2016; Zhou et al., 2016).
However, some were excluded due to reasons outlined in section 4.4.8. One
of these papers also described one of the apps identified in the systematic
review (Up). Four additional papers described five of the apps (Bondaronek
et al., 2018; Direito et al., 2014; Middelweerd et al., 2014; Pagoto et al.,
2013). Additional papers rarely reported the version of the app, therefore
some evidence relates to different versions to those that were assessed for
this thesis (see figure 11).

Figure 11 Flow diagram for public app identification
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A combined total of 22 apps were included and evaluated. Apps from the first
study are subsequently referred to as literature-based apps. Apps from the
second study are referred to as public apps. The following sections will

describe the results.
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5.2.1.3 Mobile App Rating Scale (MARS)

A weighted Cohens K was run to determine if there was agreement between
the main coder (LL) and a second coder for each of 25 MARS scores.
Statistics for all coder pairings indicated either weak or minimal agreement.
Although actual agreement (where both coders provide the same numerical
score) was poor, general agreement — or almost perfect agreement (whereby
coders are within one score of each other) was observed to be high, as well
as relevant given the linear Likert scales employed. Percentage general
agreement has been used in place of inter-rater reliability statistics previously
in health research, when kappa values were not representative, and for
assessing app content (Hardeman et al., 2014; Middelweerd et al., 2014).
Therefore, percentage general agreement was calculated (see table 14).
General agreement was considered acceptable for LL to proceed with single

coding.

Table 14 Inter-rater reliability percentage agreement for MARS

Type
App 1 App 2 App 1 App 2
(systematic (systematic (public) (public)

review) review)
Coder pair Pair 1 Pair 2 Pair 1 Pair 2
Actual % 32 28 48 48
agreement
General % 84 76 96 80
agreement

5.2.2 Descriptives

5.2.2.1 App study characteristics

The primary studies describing or evaluating apps identified in the literature
were published between 2013 and 2018 and carried out across the
developed world including Europe, USA, Korea and Australia. No apps were
available to download and evaluate fully. Five apps had additional published
evidence beyond author correspondence (Up, ATHENA, Health Mashups,
Motimate, SIGMA). Study design and methods were mixed, with four studies
reporting a randomised design. Sample size ranged from 7 to 196 depending
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Table 15 Characteristics of studies identified through systematic review

App name and study

Availability of app and

Study design &

Sample and number

Quality assessment

citation extra evidence duration of groups by authors
(Name, author, year, title, (type, design, (was it assessed
country) duration) Ireported, were issues
addressed)
Haptivity App unavailable. Multi-method: qualitative | 1 group provided Usage, functionality

Forster et al., 2017. Using
affective judgements to
increase physical activity in
British adults.

Britain, UK.

Author correspondence.

and quantitative.

Focus groups, co-
design, process
evaluation via email,
discussions and
guestionnaires.

Questionnaires, before
and after pilot study
lasting 4 months.

participants for both
gualitative and
guantitative phases.

Qualitative: n=16
initially, reduced to 9
and 7 respectively by
final focus group.

Quantitative: n=7

(outcomes not
reported), acceptability,
credibility, aesthetics
(outcomes not reported)
and effectiveness.

Developed app
iteratively based on
feedback from users,
but unclear what or how
many changes were
made.

MAPS (Multiphase Activity
Promotion Study)

Fanning et al., 2017. A
smartphone "app"-
delivered randomized
factorial trial targeting
physical activity in adults.

App unavailable.

Author correspondence.

Quantitative,
randomised four arm
factorial trial lasting 12
weeks.

4 groups
N=116 of which 13
lost to follow up.

Usage, acceptability,
credibility, functionality,
engagement.

Ways to address issues
were proposed but not
enacted within paper.
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5.2.2.2 Public apps and additional evidence

Of the 9 public apps identified, all of them included an affiliated website, and

all but one had additional evidence (see table 16). For the purposes of this

thesis, additional evidence from now on will refer to academic papers, or

published reviews of the pros and cons of the apps in general, as well as the

app website.

Table 16 Presence of additional evidence and version number for public apps

App name (developer) App version Availability of additional
evaluated evidence* and academic
papers
One You Couch to 5k 7.06 Yes, plus 1 additional paper
(Public Health England) evaluating app (Bondaronek
et al., 2018)
Runkeeper — GPS Track 9.8.3 Yes, plus 7 additional papers
Run Walk evaluating app (Crawford,
(Runkeeper) 2013; Direito et al., 2014;
Klock and Gasparini, 2015;
Martinez-Nicolas et al., 2017;
Middelweerd et al., 2014;
Miller et al., 2014; Zhou et al.,
2016)
Runtastic Heart Rate PRO | 2.6 Yes, plus 3 additional papers
(Runtastic) evaluating app (Bouts et al.,
n.d.; Papon et al., 2015;
Pipitprapat et al., 2018)
Runtastic Running app & 9.3 Yes, plus 8 additional papers
Mileage Tracker evaluating app (Bauer and
(Runtastic) Kriglstein, 2016; Bondaronek
et al., 2018; Klenk et al.,
2017; Klock and Gaspatrini,
2015; Pentakota et al., 2019;
Poojary et al., 2018; Towler
et al., 2018; Ullrich et al.,
2016)
Runtastic PRO Running 9.3 Yes, plus 1 additional papers
Fitness evaluating app (Anton and
(Runtastic) Rodriguez, 2016)
Fitbit 2.92 Yes, plus 11 additional
(Fitbit Inc.) papers evaluating app

(Altenhoff et al., 2015;
Bondaronek et al., 2018;
Eisenhauer et al., 2017,
Ellingson et al., 2019;
Griffiths et al., 2018; Karduck
and Chapman-Novakofski,
2018; Lyons et al., 2014;
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Table 17 Characteristics of included apps

App name, | Targeted | App description (what it does and how, tailoring or Users (diagnostics, Technical
platform behaviou personalisation)* age, sex, SES, aspects (MARS)
evaluated, |r (PA only ethnicity, other)
size, cost or PA+)
Literature-based apps
Haptivity PA Reminds users to be physically active at a specific time | Sedentary but wanting Has an app
and context each day, coupled with a photograph that | to change this. Owned community.
iI0S the user has previously posted denoting the positive compatible smartphone. | Sends reminders.
feeling they experienced during a previous session of | 35-55 years old, mean
Size and PA. Each time they are active, users would be age by second round of
cost not reminded by the app to take a photograph that denoted | focus groups: 47.
reported the positive feeling they were experiencing and postit | Men and women. 78%

to the app. The specific PA behaviour was intended to
be defined by the user during set-up of the app
(although could be modified at a later date). Users
would also be able to view the photos at any time. This
was intended to remind them of their previously
positive experience of PA to serve as additional
motivation to get active should they need it. The app
was designed to be used in the short to medium term,
until a habit for a specific, user- defined PA has been
formed. When users first open the app they were
asked which specific PA behaviour they want to make
a habit, when they would like to perform the behaviour
and what they were likely to be doing at this time (e.g.
before lunch). Users were encouraged to post a
photograph that captures the positive emotions they
experienced during PA (with a brief comment about

women by second round
of focus groups. Third
focus group, and
testers, 5/7 women.

All testers were
employed.

Recruited from
community.
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Table 18 Characteristics of affect capture and feedback provided by the apps

App name Type of Method of affect capture Method of affect feedback Duration of affect
(downloade affect feedback
d or not, captured/fe availability
target d back
behaviour)

Literature-based apps

Haptivity PA- Self-monitored via users posting a Reminder to perform the behaviour Duration of app use.
(Not contingent photograph that captures the positive | was accompanied by a previously
available for | affect. emotions they experienced during posted photograph.
download) PA and a brief comment about why
PA they felt that way.
MAP PA- Self-monitored via sliding scale of Instantly fed-back with PA session Not reported.
S 1 contingent enjoyment experienced from PA data. Available in weekly average in
(Not 5 enjoyment. | session. Captured in the same the same screen as weekly minutes of
avail screen as activity details are entered. | PA, intensity average and activities.
able Limited details about scale: mid-point | Only includes written text e.g. "Your
for 3 is 'neutral’, high point is 'really average enjoyment; 4.00" with a smile
down enjoyed it". emoji next to it. Available via
load) automated weekly email feedback e.g.
PA 4 "Your average enjoyment was: 4.25
(somewhat enjoyed it)"
Unnamed General Self-monitored via Profile of Mood Processing unclear, but states that: Not reported.
app affective States (POMS) consisting of 15 app will forward physiological,
(Not state guestions on 0-10 scales where 0 psychological and behavioural data
available for | including means not at all and 10 very. 3 obtained to a remote server for long
download) components | questions per component. Questions | term processing. Feedback via app
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Table 19 Acceptability of apps

App Rating Number of Additional evidence* (source)
ratings
Literature-based apps
Haptivity NA NA Some users were keen on the community/social motivation element of the
(Not available for app. Others questioned the added value in relation to current social media
download) that they engage with.
PA

The ‘activity reminder’ function of the app was well received and appeared to
be successful in encouraging activity.

Some users showed signs of ‘photo fatigue’.

Others thought that a text-based platform would be uninspiring, suggesting
that the app might need photos, but for these somehow to be more
interesting, through promoting specific types of content or through
enhancements added to the photos.

Users found the app simple to integrate into their lives.(Forster et al., 2017)
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Table 20 Aesthetics of apps

App

Layout

Graphics

Visual
appeal

Mean score

Literature-based apps

Haptivity

(Not available for
download)

PA

5

4.33

MAPS 1
(Not available

3.33

for download) 2
PA

3.33

3.33

3.33

Unnamed app
(Not available for
download)

PA+

2.00

ATHENA apps
(Not available for
download)

PA+

2.33

Health Mashups
(Not available for
download)

PA+

3.67

iN Touch

(Not available for
download)

PA+

3.00

Motimate

(Not available for
download)

PA+

3.67

Ngala Healthy You,
Healthy Baby

(Not available for
download)

PA+

NR

NR

NR

NA

SIGMA

(Not available for
download)

PA+

3.33

Mean

3.45

3.45

2.82

3.24

Median

Public apps
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Table 21 Physical activity measurement tools used in apps

App

| Method of PA measurement

Literature-based apps

Haptivity PA not captured

(Not available for

download)

PA

MAPS 1 Self-monitoring - entered the activity for conditions 1/3,
(Not 5 but in conditions 2/4 (see table 17) user could specify
available between aerobic or non-aerobic goal activities using
for 3 quick-track buttons and duration and intensity
download) 7] (moderate, hard etc.) using slider buttons.

PA

Unnamed app
(Not available for

Location tracking via GPS, network provider, and
passive provider, each suitable for different activity

download) conditions. Internal sensors also used including

PA+ altimeter and accelerometer. Exercise, distance
travelled and speed captured.
Using information from location data, the app calculates
the main parameters concerning a healthy behaviour,
such as total travelled distance, average speed and
time spent. In addition the app shows the users route
using maps including Google Maps APl and OSMDroid
to display OpenStreetMap (OSM).

ATHENA apps “Activity recognition recognizes the physical activities of

(Not available for | the subjects through the use of the embedded sensors

download) of a smartphone. Authors developed an app “Action

PA+ Logger” to recognise outdoor activities by utilising the

accelerometer, mic, GPS and WiFi sensor. It is position
free and energy aware, to activate the sensors when
required. Activities, such as walking, jogging, riding on a
bus or taking a subway and staying in place can be
accommodated. Also included a specific step counter
app.” (Fahim et al., 2014)

When there's a change in activity to the user standing
still, the user is prompted to label the previous activity
as walking, standing still, and running or on bus. The
raw data includes embedded sensor data, activity label,
and start and end of activity. It detects an activity based
on three seconds (150 samples) of data.(Cleland et al.,
2013)

In addition, a Daily Activity Monitor which captured PA
via GPS, compared activities to the prescribed activities
to determine discrepancies. Distance and time spent
performing the activities were captured. (Saleem et al.,
2012)
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Table 22 Credibility of apps (from Information section of MARS)

App Accuracy | Goals Quality of Quantity of Visual Credibility | Evidence | Mean score
information information information base
Literature-based apps
Haptivity NR 4 NA 5 2 3.00
(Not
available for
download)
PA
MAPS 1 NR 4 3 4 2 3.33
(Not
availabl
e for
downlo |2 |NR 4 4 4 2 3.67
ad)
PA
3 NR 4 4 3 4 4 3.83
4 NR 4 3 4 4 4.00
Unnamed NR 2 3 4 NA 2.40
app
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Table 23 Currency and maintenance of apps

App Original Last update | Date data
release Date extraction
performed
Literature-based apps
Haptivity NR NR NA
(Not available for download)
PA
MAPS 1 NR NR NA
(Not available for 2
download) 3
PA 4
Unnamed app NR NR NA
(Not available for download)
PA+
ATHENA apps NR NR NA
(Not available for download)
PA+
Health Mashups Not reported | Not reported — | NA
(Not available for download) — but piloted | but trial
PA+ 2011 version
created
iN Touch NR NR NA
(Not available for download)
PA+
Motimate NR NR NA
(Not available for download)
PA+
Ngala June 2012 NR NA
(Not available for download)
PA+
SIGMA NR NR NA
(Not available for download)
PA+
Descriptives: 1/12 apps 0 apps NA
reported reported
release date | update date
Public apps
One You 05/03/2019 20/05/2019 04/06/2019
(Downloaded)
PA
Runkeeper 29/12/2011 04/06/2019 13/06/2019
(Downloaded)
PA
Runtastic HR 20/12/2012 06/06/2019 07/06/2019
(Downloaded)
PA+
Runtastic 24/01/2012 03/06/2019 06/06/2019

(Downloaded)
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Table 24 App development processes and team

App

Inclusion of target groups in development

Developer and
affiliations

Expertise in development
team including authors

Additional
evidence

Literature-based apps

Haptivity Iterative focus groups with users for co- Authors and app | Behavioural science, health | NA
(Not design of a prototype, based on original designer. researchers, specialist app
available for | specification by researchers. designer, developers and
download) Discussed app needs and wants, University, psychologists.
PA functionality preferences, barriers to PA and commercial.

feasible PA.

Users tested app and discussed

acceptability, appropriateness, aesthetics

and functionality of prototype.

Four rounds of development, each with

feedback from users.

Users completed a process evaluation of

prototype and preliminary efficacy testing of

prototype.

Demographics same as sample.
MAPS |1 | None reported Not reported — Specialists from physical NA
(Not authors. activity, health, psychiatry/
availabl 5 neurobehavioural sciences.
e for University.
downlo
ad) 3
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Table 25 Effectiveness and potential impact of apps

App Evidence | Awareness | Knowledge | Attitudes | Intention Help Behaviour Mean score
base* to change | seeking change (including
evidence base)
Literature-based apps
Haptivity 2 2 2 3 4 1 2.57
(Not
available for
download)
PA
MAPS 1 2 5 5 3 4 3 3.71
(Not
availabl
e for 2 |2 5 5 3 5 3 3.71
downlo
ad)PA '3 14 5 5 4 4 3 4.29
4 4 5 5 4 5 3 4.43
Unnamed NA 1 2 2 3 1 1.83
app
(Not
available for
download)
PA+
ATHENA NA 3 2 1 3 2 2.33
apps
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Table 26 App engagement

App Entertainment | Interest | Customisation Interactivity Target group Mean score
Literature-based apps
Haptivity 3 2 3 3 2.60
(Not available for
download)
PA
MAPS 1 2 3 3 3 2.60
(Not available for
download)
PA 2 3 4 4 4 3.60
3 4 4 4 3 3.40
4 5 5 5 3 4.20
Unnamed app 2 2 2 3 2.00
(Not available for
download)
PA+
ATHENA apps 2 4 4 4 4 3.60
(Not available for
download)
PA+
Health Mashups 2 4 4 4 3.20
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Table 27 Presence of BCTs in apps
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