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Abstract 

Background: Physical activity (PA) is an important behavioural determinant of morbidity 

and mortality and is a public health priority. The accessibility, convenience and wide 

reach of mobile applications (apps) makes these digital interventions a potential mode 

for delivering PA interventions at scale. At the end of 2017 there were 325,000 health 

apps available publicly, with “fitness” apps being the largest category of all health apps. 

However, most apps on the market have not been evaluated and little is known about 

their quality.  

 

Aim: This PhD investigated the public health potential of publicly available PA apps.  

 

Methods: The following studies were conducted: 1) a review and content analysis of the 

most popular PA apps on the market to assess their quality, defined as safety, likely 

efficacy and positive user experience; 2) a study using regression models to determine 

the association between popularity and quality of those apps; 3) a feasibility crossover 

trial assessing two apps for increasing PA; and 4) a qualitative study assessing the 

acceptability of the trial procedures and exploring the experiences of the two PA apps.  

 

Results: Popular apps had high usability but there were issues around their safety and 

likely efficacy. Popularity was not associated with likely efficacy. The feasibility trial and 

the qualitative study showed that such a trial would be feasible and acceptable to 

participants. The enablers and barriers to increasing exercise using the apps were 

identified. 

 

Conclusion: The discrepancy between quality and popularity represents a missed 

opportunity for behaviour change interventions. Hence, the public health impact of PA 

apps is unlikely to be achieved when market forces “prescribe” what is used by the public. 

The motivation to use the apps varied substantially and it is important to identify when, 

for whom, and in what context PA apps are most likely to facilitate behaviour change. 
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CHAPTER 1. Introduction  

1.1 Chapter overview 

In this chapter I provide the background to the thesis by introducing the definitions and 

measurement of PA, by emphasizing the importance of activity to physical and mental 

health, and by outlining the impact of physical inactivity in the UK and worldwide. I then 

describe the current PA recommendations but also present evidence that even small 

increases in PA can have a meaningful impact. Next, I outline the rapid expansion of 

digital health technology, and provide a rationale for my focus on PA mobile apps 

specifically. I then describe the current PA policy environment as well as the current 

policy focus on prevention and technology, and provide the overview of the theoretical 

underpinnings to this thesis. I finish with highlighting the research gaps and present the 

overall aim and structure of this thesis.  

1.2 The importance of physical activity 

Physical inactivity is an established independent risk factor for a range of serious health 

conditions including cardiovascular disease, diabetes mellitus and cancer [1-3]. In 

contrast, PA is associated with marked reduction in the risk of premature mortality and 

reduction in the risk of over 20 long-term conditions [4]. PA is also associated with 

improved mental health [5, 6]. Most international PA guidelines, including the UK, 

recommend 150 min of moderate or 75 min of vigorous intensity PA. Participating in 

muscle-strengthening activities (e.g. exercising with weights, carrying shopping bags) 

are also recommended twice weekly along with reducing the amount of sedentary time 

[7, 8]. 



 
 
   

21 
 

1.3 Physical activity definitions, measurement and classification 

Physical activity and exercise terms are sometimes used interchangeably despite their 

differences in meaning. Below are the definitions relation to PA (Table 1). In this thesis, 

I will focus on PA and, less frequently exercise, as the behaviours addressed. 

  

Table 1: Relevant definition relating to the behaviour addressed in this thesis 

PA Any bodily movement produced by skeletal muscles that results in 

energy expenditure [9] 

Exercise  A subset of PA that is planned, structured, and repetitive and has 

as a final or an intermediate objective the improvement or 

maintenance of physical fitness [9] 

Sport A subset of exercise that can be undertaken individually or as a 

part of a team whereby participants adhere to a common set of 

rules or expectations, and a defined goal exists [10] 

Physical fitness A set of attributes that are either health- or skill-related [9] 

 

A standard measure of PA is a metabolic equivalent of task (MET) which measures 

oxygen consumption, i.e., the cost of conducting a specific PA. One MET is considered 

a resting metabolic rate, i.e., the amount of oxygen consumed at rest, and is equivalent 

to a caloric consumption of 1kcal/kg/hour. Table 2 shows the accepted MET cut off points 

for intensity of PA. A compendium of Physical Activities [11] includes 821 activities with 

MET scores used for quantifying the types of PA.  
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Table 2: The accepted MET classification for PA intensity: 

Intensity  Quantification using METs [11] 

Sedentary behaviour  1.0–1.5 METs 

light-intensity 1.6–2.9 METs 

moderate-intensity 3–5.9 METs 

vigorous-intensity ≥6 METs 

 

1.4 The magic polypill  

“If PA was a drug, we’d talk about it as a miracle cure” UK Chief Medical Officers [7] 

 

As described above (section 1.3), PA and exercise are often used interchangeably. It 

has to be noted that studies concerned with assessing the benefits of PA often do not 

distinguish between structured exercise as a subset of PA, and PA. Yet, the benefits of 

PA accrue through exercise and non-exercise activity. In this section, I describe the 

research of the impact of PA. 

 

Immediate effects of a single dose PA 

There is evidence for the immediate positive impact of PA. For example, a single session 

of moderate-to-vigorous PA can decrease anxiety and insomnia, and improve cognitive 

function [12]. The observed short-term benefits of PA include lowering of blood pressure, 

reduction in glucose and lipids, and muscular relaxation. However, these changes only 

last a few hours [13]. Hence, regular PA is needed to produce sustainable health 

benefits. The processes by which such health benefits are achieved are termed chronic 

adaptations, and occur as the body responds to the demands of the activity by making 

specific changes.  
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PA adaptations 

PA adaptations have a positive impact on the sympathetic nervous system and the 

hypothalamic-pituitary axis (important in response to stress), and manifest by increased 

resilience to both physical and mental stress. The changes produced by regular PA that 

protect against long-term conditions, such as cardiovascular disease [14, 15], include 

reduction of visceral adiposity associated with impaired glucose and lipid metabolism. 

PA also reduces systemic inflammation [16] linked to metabolic syndrome and insulin 

resistance [17]. Regular PA also has an impact on other inflammatory diseases, such as 

rheumatological diseases [18, 19], respiratory diseases [20, 21], and cancer [22, 23]. In 

addition, it has an effect on the brain function as it increases synaptic plasticity and 

supports the underlying system involved in neuroplasticity including neurogenesis, 

metabolism and vascular function [24]. Thus, by having beneficial effects on learning and 

memory, it has been shown to protect against cognitive dysfunction and to alleviate 

depression [25], comparable to the effects found with antidepressant treatment [26]. 

 

Benefits of PA on physical and mental health 

The consequent experienced benefits of PA relate to both physical and mental health. 

The physical health benefits of PA are well established and include a lowering the risk of 

cardiovascular disease, hypertension, and diabetes mellitus [27, 28]. As obesity is linked 

to cancer [29], PA can help to maintain a healthy weight [30]. Moreover, physical 

inactivity is associated with carcinogenesis though a pathway independent of obesity 

[31]. Hence, PA is protective against cancer, most notably for breast and colon cancer 

[29] and evidence for the role of inactivity has been establishing for other types of cancer 

[32]. The effects of PA on mineral bone density are strong [33] and hence regular PA 

protects against osteoporosis [34]. Through improved balance and strength, PA reduces 
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the risk of falls and increases the time in independent living for older adults [35]. The 

summary of physical health benefits on PA are summarised in Table 3. 



 
 
   

25 
 

Table 3: Relative risk reduction observed when comparing active and inactive 

participants (reproduced with permission from [36] 

 

 

For mental health, benefits have been shown for depression, [37-39] and anxiety [40, 

41]. In addition, PA helps with recovery from drug addiction [42, 43]. Lastly, PA has an 

impact on cognition in healthy population and in people with neuro-degenerative 

diseases [44]. Specifically, benefits have been identified for cognitive performance in 

various ages [45], for cognitive improvements in multiple sclerosis [46], and memory 

function in older adults [47]. 
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It has to be considered that the current understanding of the impact of PA on health is 

based on observational studies. Such study design has its limitations. First, the issue of 

causality is a constraint. Specifically in PA research, if healthy people are more likely to 

exercise, the effect is reversing the cause and effect. Second, there may be confounding 

factors that are unmeasured. Third, although the use of objective measures over 

subjective measures is recommended, both have its limitations. There are issues with 

recall when using self-reported measures, especially when recalling longer periods. 

Although objectively measured PA eliminates the issues with recall, adherence to 

wearing accelerometers is an issue. Hence, accelerometry is often used for a limited 

time only to increase wear time. However, this introduces a problem with generalisability 

of the measured period. In addition, some accelerometer devices are better at recording 

different intensity of PA and hence might not be sensitive enough to detect activity.  

 

Adherence to PA recommendations  

Adherence to PA recommendations is associated with 20–30% risk reductions for 

various long-term medical conditions and premature mortality [48]. However, In the UK 

33% of men and 45% of women do not achieve the recommended level of PA and the 

prevalence of physical inactivity is well-documented [49]. 

Worldwide, insufficient PA is one of the 10 leading risk factors for global deaths, causing 

3.2 million deaths each year [50], and the levels of inactivity are rising. For example, an 

analysis of data over 15 years found that between 2007 and 2016, total daily sitting time 

for adults and adolescents increased by roughly one hour [51]. One in four adults and 

more than 80% of the adolescent population around the world are not physically active 

enough [52]. In the UK, 29% of people are inactive (which is defined as not achieving at 

least moderate intensity PA per week) [53]. When considering non-participation in sports, 

the rate is higher: 57% [54]. Physical inactivity leads to 17% of premature deaths in the 
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UK [55]. At the same time, 70% of adults report they would like to increase their PA levels 

[56]. 

1.5 Meaningful change in physical activity  

A growing evidence base exists indicating that even lower doses of PA than the ones 

recommended (moving from inactive state) show the highest relative benefits. Arem and 

Irwin [57] showed that engagement in any PA is associated with lower risk of mortality 

with even small increases in exercise levels producing a significantly beneficial impact 

on health. Most recently, a systematic review of current systematic reviews provided 

strong evidence for curvilinear relationships between PA and health outcomes with 

health benefits observed with minor PA [58]. This means that change from an inactive to 

mild or moderately active shows relatively large risk reduction whilst further increase in 

PA volume yields relatively smaller risk reduction. For example, 0.1–3.74 metabolic 

equivalent (MET-h/week) of leisure time moderate to vigorous PA (MVPA) equating to 

75 min/week of brisk walking) showed 1.8 year of life gained [59]. This finding has an 

important implication for public health suggesting that even small increases in PA can 

confer meaningful health outcomes, and that the biggest relative benefits come from 

engaging in light and moderate PA. As a result of this evidence, the latest UK CMOs PA 

guidelines [7] overturned the previous guidance that at least a 10 min bout of PA is 

required, and emphasized the message that any PA is beneficial.  

1.6 The current physical activity recommendations – every minute 

counts  

The new UK Chief Medical Officers’ (CMOs’) PA guidance [7] published in September 

2019 reflect the new evidence that more PA is better (beyond the recommendations, 

Figure 1).  
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Figure 1: Summary of the UK CMOs PA guidelines for adults and older adults (Source: 

[7], licensed under the Open Government Licence v.3.0)  

 

 

 

Considering the prevalent low levels of PA and the new PA recommendation with a 

slogan “every minute counts” (Figure 1), it was considered that the advances in the field 

of digital health (in particular behaviour change) may help tackle high levels of inactivity 

[60, 61], and therefore may be considered as public health intervention if taken up at 

scale [62]. This chapter will now turn to discuss why digital health was considered as the 
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topic of investigation, and, specifically, why mobile apps were selected as the potential 

mode of delivery for public health interventions. 

1.7 Digital health  

Digital technologies for health and healthcare enable the users to access and generate 

information about health and illness, engage in self-care practices and methods to 

promote health and well-being, and connect with other users and patients. These 

functions of digital health can be achieved via various means, such as conducting online 

searches for health and medical topics, blogs about health and medical issues, creating 

online support groups and communities, interactive online interventions, mobile apps, or 

wearables [63].  

 

Health information seeking through websites was the primary function of early digital 

health. Still, accessing health-related information is a major motivation for online 

behaviour. For example, one of the top medical websites, WebMD attracts around 80 

million visitors per month [64]. 

 

With the rapid development of digital technology, traditional websites and online 

discussion forums have been supplemented by social media platforms, which are now 

frequently used by patients with specific conditions to communicate with each other, and 

to share information and experience on specific health or medical topics of interest [65-

67]. 

 

Telemedicine, defined as “medicine practiced at a distance”, originally using telephones, 

is increasingly incorporated into wireless devices, mobile apps, and data analytics [68]. 

In the UK and some parts of Europe, telemedicine has become a substantial contributor 

to healthcare delivery. In recent years, telemedicine has started to incorporate a range 
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of digital devices for patient self-monitoring at home, for example, attachments for 

“smartphones” which include sensors measuring blood pressure, heart rate, body 

temperature, etc. 

Furthermore, digital devices can now be integrated with the body and the environment 

in various ways. Examples are versatile and include surgically implanted glucose 

monitors and insulin pumps, digital medication to increase adherence to a medication 

regime, mattresses and chairs that can detect movement in elderly in care to monitor 

their well-being, as well as robotic care providers. 

 

Moreover, the opportunity for online health practices has been expedited by the 

introduction of “smartphones” and tablet computers with the pioneering iPhone release 

in 2007, Android in 2008, and the first iPad in 2010 [68]. In addition, wearables, i.e., self-

tracking devices and sensors that are embedded in watches, wristbands, headbands, 

and woven into clothes to monitor (and often share) a multitude of variables, such as 

body weight (often enabling calculation of BMI), mood, body temperature, breathing and 

heart rate, geolocation, sleep patterns, body movement, etc. 

1.8 Digital social inequalities 

The term digital social inequalities relates to the strong evidence that those with lower 

levels of education and income, older adults, those living in rural regions, as well as 

people living with disability, are less likely to participate in the Internet and digital device 

activities. The reasons for the lower likelihood of those social groups to go online include 

lack of basic digital literacy skills and experience, low interest or anxiety about learning 

a skill, and lack of access to the Internet or a device [69]. 

 

Availability of internet and online services has increased substantially with 90% of 

households having internet access and 89% of people going online on a weekly basis. 
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When considering mobile phone usage, “smartphones” have become the most popular 

internet-connected device with 78% of UK adults owning a device in 2016, in comparison 

to 39% in 2012 [70]. 

 

However, access to the Internet has improved for most of social groups, the UK digital 

exclusion heatmap [71] shows that, in the UK, low levels of Wi-Fi adoption correlate with 

lower levels of education, economic growth, and poorer health status. For example, 25% 

representing 3.5 million of people in the UK who are registered as disabled are not online 

[72]. 

 

In addition, there is evidence from the US that the “smartphone” owners are more likely 

to be younger, more affluent and have higher education, although no differences 

between ethnicity and racial groups currently exist [73]. There are no identified gender 

differences in relation to access and the use of the Internet and mobile devices in the 

countries of the Global North [74] although there are differences in how digital 

technologies are used. Women, for example, install 40% more apps of any type than 

men [75]. Men use slightly more health and fitness apps. Women are more likely to use 

diet and calorie counter apps [76]. In a more recent evidence from a sample of Dutch 

population, similar results were found with men using more fitness apps, and women 

using more use nutrition, self-care, and reproductive health apps [77]. These findings 

reflect the prevailing sociocultural gender differences where men are more likely to 

engage in PA as a socially acceptable activity to influence health, identity and body 

image, whilst women engage in diet-based activities related to their body image and 

expectations [78].  
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Hence, although some differences in usage pattern may be present, mobile phones have 

become ubiquitous and integral to people’s lives in the UK. Because of the omnipresent 

nature of mobile devices, they provided novel avenues for behaviour change.  

1.9 Why mobile applications?  

Within the new digital healthcare landscape, the rise of apps creates novel prospects for 

prevention opportunities and disease management [60]. Mobile health apps, as opposed 

to traditional face to face interventions, are more accessible [61], and provide a range of 

technology enhanced features, such as accelerometers, visualizations, tailored feedback 

and reminders. In addition, recent data show that mobile phone access is now as high 

among ethnic minority groups in higher income countries as in the rest of the population 

[79] and the use of mobile phones is increasing steadily in older populations [80], 

decreasing concerns about the effect of the digital divide on health inequalities. Hence, 

behaviour change interventions delivered using mobile health apps could have the 

potential to reach a large proportion of the population, thus increasing the public health 

impact of their small effects [62].  

 

The mobile health app industry has doubled in the last three years, with around 325,000 

health apps available in the major app stores at the end of 2017, and 3.7 billion health 

apps downloaded in the same year [81]. Sixty-five percent of apps in medical and health 

sections of the major app stores target exercise, diet and more generally wellness [68]. 

Hence, they potentially create a fertile landscape for prevention efforts. At the same time, 

in 2016, the NHS announced the plan to give patients free access to health apps for self-

management of long-term conditions [82]. 

 

However, despite the wide distribution and popularity of health apps, many of them have 

been rapidly developed [83], and there is lack of evidence of their efficacy. For example, 
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a meta-analysis published by Direito, Carraça [84] found only 7 randomized controlled 

trials (RCTs) evaluating app intervention for PA and/or sedentary behaviour. 

Cumulatively, this study showed small effects of various mHealth interventions on PA 

and sedentary behaviours although the authors did not assess the impact of apps 

specifically.  

1.10 Focus on prevention and behaviour change  

Non-communicable diseases resulting from behaviours as well as health inequalities 

resulting from the wider determinants of health place a significant burden on public 

finances. There is evidence that prevention initiatives show healthcare savings [85]. 

 

An analysis using Global Burden of Disease data [86] within the UK showed that all 

countries of the UK could reduce the burden of disease through effective prevention. 

Figure 2 illustrates this burden powerfully. The population attributable fraction (PAF) 

represents the proportion of years of life lost (YLLs) that could have been avoided if the 

exposure had been minimum in that year. Of the 10 highest risk factors, 8 were 

behavioural and metabolic factors. However, as the authors explain, the division between 

behavioural and metabolic risk factors is not absolute, because behavioural factors affect 

metabolic factors, such as high blood pressure and body-mass index. Indeed, low PA 

level is one of the top 10 risk factors. The multiple metabolic risk factors included in the 

list can be minimised by regular engagement in PA, as discussed in section ‘The magic 

polypill’. 
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Figure 2: PAF for risk factors for all-cause years of life lost rate per 100 000 population 

for England, Scotland, Wales, and Northern Ireland, both sexes, 2016 (by [86], licensed 

under CC BY 4.0) 

 

 

1.11 Physical activity policy environment  

This section provides an overview of the PA policy in the UK focusing on the critical 

analysis by Milton & Bauman published in 2015, and outlines the developments since 

then.  

 

In their critical analysis of the PA policy in England, Milton and Bauman [87] pointed that 

there has been an increased focus on the national policy to address PA levels with some 

important achievements. 

 

More specifically, the approach to national PA recommendations in England 

demonstrated scientific robustness. In 2004, the landmark recommendations At Least 

Five a Week [88], included the CMO’s PA guidelines. Based on 40 national and 

international experts review, Start Active, Stay Active: A Report on Physical Activity from 

the Four Home Countries Chief Medical Officers [89] updated the PA recommendations 

and included guidelines for children and older adults, and conveyed the risks of 

sedentary behaviours. However, the document was criticised for the lack of an 

implementation plan, and only two years later, 80% of the public could not remember the 
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current PA guidelines [89]. It should be considered that the intended target audience 

included policy-makers and health professionals.  

 

Everybody Active, Every Day was Public Health England's (PHE) attempt to propose an 

implementation framework for the Start Active, Stay Active guidelines. This document 

has been influential in shaping both national and international policy [90]. 

 

The new UK PA guidelines were published in September 2019 to reflect evidence 

updates [7]. This coincides with the release of similar guideline updates across the globe 

(e.g. Canada, South Africa, USA) as well as the global action plan on PA [91].There is 

an increasingly clear, coherent structure from international and national policy, but as yet 

the challenge of creating aligned local policy and implementation programmes remains. 

  

Further, Milton and Bauman [87] identified important steps for development, specifically 

the need for a consistent and sustained surveillance system, and realistic short- and 

long-term national PA targets. Moreover, a critical analysis of the two large-scale 

campaigns in England, Active For Life and Change4Life, showed that these population-

level interventions were not sufficient to elicit sustainable behaviour change on a 

population level [87]. The authors argued that the length of these campaigns was too 

short to produce an effect. 

 

Since Milton and Bauman [87] critical analysis, the main surveillance measure has 

changed from the Active People survey to the Active Lives survey. However, knowing 

the shortcomings of the Start Active, Stay Active guidelines, the new guidelines are 

accompanied by communication and surveillance expert working groups to address 

some of these challenges. This work remains ongoing. 
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There is some argument that when the first surveys are completed and the prevalence 

against the new guidelines are assessed, population PA will likely seem to rise, given 

the more flexible nature of the guidelines. However, this is unlikely to be the case in 

reality; the surveillance goalposts have simply changed and this may make the UK's 

policy efforts seem more effective than they actually are. 

 

Sporting Future - A New Strategy for an Active Nation [92] published in 2015 by the 

Department for Digital, Culture, Media and Sport (DCMS) included key actions and 

mandates for government and the wider PA sector. This strategy was seen as a reversal 

of the government emphasis during the Olympic build-up and legacy periods which 

focused on sport participation. This document emphasises the key potential societal 

benefits of PA (referred to as the five pillars). 

 

In 2016 Sports England was charged with implementing the strategy towards an active 

nation. Alongside the aforementioned Active Lives survey that was developed for the first 

time, Sports England placed emphasis on general PA and their funding priorities 

reflected the five pillars, rather than participation levels per se. 

 

In 2017, Cycling and Walking Investment Strategy (CWIS) for England was published 

[93]. This is the only framework with a statutory bind, i.e., it includes targets that are 

required by law to be reached. 

 

In summary, the UK's primary policy response to inactivity is the production of evidence-

based guidelines. A coherent structure from international and national policy emerges, 

but consistent implementation strategies still remain a challenge. In addition, the mass 

public health campaigns targeting PA show limited effectiveness [94-96]. 
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1.12 Prevention and technology  

The emphasis on prevention and realising the potential of technology for health cannot 

be underestimated in the current health politics. Two of the three main priorities of the 

current Secretary of State for Health and Social Care are advancing health technology 

and prevention [97]. Hence, this thesis is timely as it is contributing to the knowledge of 

using digital technology to improve health and well-being, and prevent disease. However, 

prevention requires behaviour change. Duncan Selbie, Chief Executive of PHE has 

emphasized the importance of behaviour science: 

“The behavioural and social sciences are the future of public health. 

The evidence we now have from behavioural science can help us 

understand and therefore influence behaviour change that promotes 

health, prevents disease, and reduces health inequalities. We must 

reach and be meaningful to people in the lives that they are leading.”  

In Improving people’s health: Applying behavioural and social sciences to 

improve population health and wellbeing in England [98, p.4 ] 

 

In line, the theoretical underpinnings of this thesis are based in health psychology, 

specifically the recent advancements in the field of behaviour change. The following 

section of this Introduction focuses on the behaviour change framework that was 

considered as the theoretical foundation for this project.  

1.13 Theoretical framework and approach (the application of 

behaviour science tools) 

Models of social and health behaviours have been developed to explain the process 

underlying behaviour, and to predict and subsequently change behaviour, e.g., The 



 
 
   

38 
 

Health Belief Model [99], Social Cognitive Theory [100], Transtheoretical Model [101]. 

Two pertinent issue relating to the field of health psychology/behaviour change are 

considered in the context of the selection of the theoretical underpinnings of this thesis: 

1) the limitations of the models to change behaviour, 2) the lack of guidance on the 

selection process of the most appropriate model.  

 

Firstly, many of the frequently used models of behaviour rely on intention as the direct 

influencing factor on the behaviour. For example, the Theory of Planned Behaviour [102] 

states that the proximal determinant of volitional behaviour is the intention to engage in 

that behaviour. A meta-analysis of 47 experimental studies found that medium-to-large 

change in intention (d = 0.66) produced only a small-to-medium change in behaviour (d = 

0.36) [103]. The authors also found that intentions had less impact on behaviour when 

there was less perceived behavioural control, there was higher potential for social 

reaction to the behaviour (relating to social acceptability of behaviour), and when the 

performance of the behaviour was conducive to habit formation (hence bypassing the 

intentions because of the higher automaticity of the behaviour). 

 

In addition, the reliance on deliberate, rational decision-making has also come under 

scrutiny as models of social and health behaviours often do not address the influence of 

automatic motivation on behaviour, such as habits, emotions and impulses [104, 105]. 

Moreover, these models underestimate the influence of the environment on the 

behaviour. The quote from Theresa Marteau summarises the power of the choice 

architecture on the behaviour: “environments exert a stronger impact on what people do 

than what’s in their minds” [106, p.4 ]. 

 

Secondly, UK Medical Research Council (MRC) guidance on developing and evaluating 

complex interventions [107] advocate the use of theory to design complex interventions. 
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However, a systematic process of theory selection is lacking from the guidance or wider 

literature [108]. The high number of models of behaviour with many of their theoretical 

constructs overlapping means that comparing, synthesising, and ultimately progressing, 

the research on behaviour change intervention is challenging [109, 110]. 

 

The Behaviour Change Wheel  

Behaviour is a result of various interacting factors occurring in an ecological system 

[111]. Behaviour change interventions should be developed based on the understanding 

of the factors that affect the target behaviour to subsequently identify the intervention 

content to target these influences [112]. Behavioural theory and evidence based tools 

have been developed to facilitate such understanding.  

 

The Behaviour Change Wheel (BCW) [113, 114] includes a series of tools to 

systematically develop behaviour change intervention. In addition, the relevant 

components of the BCW can also be used to describe and classify the content of the 

existing interventions. The BCW was developed based on a synthesis of 19 frameworks 

of behaviour change. At the centre of the Wheel is the COM-B model of behaviour which 

provides a conceptualisation of the components that need to occur in order for the 

Behaviour to be performed. These are Capability, Opportunity, and Motivation (Figure 

3). Capability can be divided into physical (physical skills) and psychological capability 

(mental skills, knowledge); opportunity relates to the external factors: physical (the 

environment) and social opportunity (e.g., social norms); motivation includes reflective 

(active thought processes) and automatic (impulses, habits, emotional reactions) 

motivation.
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Figure 3: COM-B model (by [114] licensed under CC BY 2.0) 

 

 

Capability and opportunity can influence both behaviour and motivation directly, for 

example, motivation to play a musical instrument may be increased by possessing the 

skill to play an instrument (capability) or by having access to an instrument (opportunity). 

Motivation can influence behaviour indirectly through capability and opportunity. For the 

behaviour to occur, motivation to perform the desirable behaviour needs to be stronger 

than the motivation to conduct other competing behaviours. 

 

The COM-B model in the BCW is surrounded by nine intervention functions, i.e., the 

purpose the intervention has, these are: education, training, enablement, incentivisation, 

coercion, modelling, environmental restructuring and restriction. In turn, these functions 

are surrounded by seven policy categories, i.e., the channels through which the 

interventions are implemented. These are: guidelines, service provision, legislation, 

regulation, fiscal measures, communication and marketing, environmental and social 

planning.  
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Theoretical Domains Framework 

The second model that helps to understand and influence behaviour is the Theoretical 

Domains Framework (TDF) [115]. This framework is a synthesis of 33 psychological 

theories 84 psychological constructs. It consists of 14 theoretical domains: knowledge; 

skills; memory, attention and decision processes; behavioural regulation; 

social/professional role and identity; beliefs about capabilities; optimism; beliefs about 

consequences; intentions; goals; reinforcement; emotion; environmental context and 

resources; and social influences. The TDF maps onto the COM-B components. Figure 4 

displays the BCW constituent parts with intervention functions, policy categories and 

shows how the TDF domains are linked to each COM-B component 

 

Figure 4: the Behaviour Change Wheel with TDF domains COM-B model (by [114] 

licensed under CC BY 2.0) 
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Behaviour Change Techniques 

The absence of standardized definitions and labels for intervention components means 

that systematic reviewers often develop their own systems for classifying behavioural 

interventions to synthesize study findings [7–10]. This makes it difficult to replicate, 

synthesise the knowledge on the intervention effect in meta-analyses, and implement 

the interventions.  

 

A 93-item Behaviour Change Techniques Taxonomy [116], developed through extensive 

international expert consensus, is a system of naming, describing and classifying the 

content of the behaviour change interventions. Behaviour Change Techniques (BCTs) 

are defined as the active ingredients in behaviour change interventions. They are 

identifiable, observable, replicable, irreducible components of an intervention designed 

to change behaviour.  

In this thesis, I used the BCW and the BCT Taxonomy (v1) as frameworks that underpin 

this research work. Specifically, the BCT Taxonomy (v1) was used to i) describe and 

quantify the theory-based content of the popular PA apps on the market (Study 1), and 

ii) assess the association between the number of BCTs and user satisfaction (Study 2). 

The COM-B and TDF were used to iii) systematically map the correlates/determinants of 

PA to facilitate the selection of the measures for the feasibility trial (Study 3), and iv) 

categorise and describe in theoretical terms the influences, i.e., enablers and barriers to 

PA behaviours, identified in the interview following the trial (Study 4). 

1.14 Aim and the structure of the empirical research of this thesis  

The overall aim of this thesis was to explore the public health potential of currently 

available health apps for increasing PA. I present the research work on this thesis in two 

distinguished parts. In Part 1 my focus is directed onto the app market to explore the 

questions about the quality of the popular PA apps that are available on the market. In 
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Part 2 my focus shifts onto the users to investigate the potential of the selected PA apps 

to change behaviour. This structure is illustrated in Table 4 below 

Table 4: The structure of the empirical research of this thesis 

Parts  Studies  Aims of the constituent studies Methods  

1: Focus 

on the 

market  

Study 1  
To ascertain the quality of current PA 

apps available on the market 

Review and 

content 

analysis 

Study 2  

To explore the relationship between the 

app quality indicators and popularity in 

current PA apps 

Analysis using 

regression 

models  

2: Focus 

on the 

users 

Study 3  

To investigate the feasibility of an RCT 

assessing two selected PA apps and to 

assess the effects of the app 

interventions on PA. 

Feasibility 

crossover trial  

Study 4  

To explore the acceptability of the trial, 

and to understand the issues around PA 

engagement and how apps can 

influence the PA engagement 

Data-prompted 

interviews 



 
 
   

44 
 

 PART 1: FOCUS ON THE MARKET 

 

In Part 1 of this PhD, I focused on the app market in order to address the questions of 

the quality of the most popular apps on the market. Specifically, I report on my 

investigation into the safety, likely efficacy, and the user experience of the most popular 

apps on the market.  

 

CHAPTER 2. The quality of publicly available physical activity 

apps: a review and content analysis  

 

2.1 Chapter overview 

Introduction: PA interventions delivered using mobile apps created novel prospects for 

public health interventions. Most of the current apps have not been evaluated and the 

quality of these apps is unknown. As there is no standard app quality assessment criteria, 

the approach of this study was to apply the healthcare quality indicators of safety, 

effectiveness, and provision of the best possible experience to develop an app quality 

assessment framework. 

 

Aim and objectives: The aim of this review and content analysis was to evaluate the 

quality of the most popular PA apps on the commercial market. The objectives were to 

assess the safety, likely effectiveness and user experience of the sample of popular PA 

apps.  

 

Methods: The top-ranked 400 free and paid apps in the Health & Fitness categories of 

iTunes and Google Play stores were screened for inclusion in the analysis. Apps were 
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included if the primary behaviour targeted was PA, targeted users were adults and the 

apps had stand-alone functionality. The apps were downloaded on mobile phones and 

assessed by two reviewers against the following quality assessment criteria: 1) users’ 

data privacy and security, 2) presence of Behaviour Change Techniques and the quality 

of the development and evaluation processes, and 3) user ratings and usability. 

 

Results: Out of 400 apps, 156 met the inclusion criteria and 65 apps were randomly 

selected to be downloaded and assessed. Nearly one-third (29.2%; 19 out of 65) of apps 

did not have a privacy policy. Most of the apps collected Personally Identifiable 

Information (PII) and shared users’ data with a 3rd party. Every app contained at least 1 

BCT, with an average number of 7, and a maximum of 13. All but 1 app had a commercial 

affiliation, 12 had consulted an expert and none reported involving users in the app 

development. Only 12 of 65 apps had a peer-reviewed study connected to the app. User 

ratings were high with only a quarter of the ratings falling below 4 stars. The median 

usability score was 86.3 / 100, which equates to “excellent”.  

 

Conclusion: Despite the popularity of PA apps available on the commercial market, 

there were substantial shortcomings in the areas of data safety and likelihood of 

effectiveness of the apps assessed. The limited quality of the apps may represent a 

missed opportunity for PA promotion.
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2.2 Background 

2.2.1 The development of the app quality assessment tool 

The background to this chapter explains the process of developing the app quality 

assessment tool that was used to assess the PA apps on the market. The specific 

structure is outlined below:  

1) the reviews that synthesised the concepts and measures used to assess quality 

of apps are described 

2) the selection of app quality components relevant to PA apps is discussed 

3) the operationalisation of each of the quality components is considered 

 

Concepts and measures used to assess quality of apps  

Quality is more than effectiveness, although there has been considerable debate about 

how exactly app quality should be defined, with a variety of frameworks available. Recent 

reviews by BinDhim, Hawkey [83] and Bardus, Smith [117] categorized and evaluated 

the methods used for quality assessment of apps.  

 

The first review by BinDhim, Hawkey [83] demonstrated the variability in methods and 

measures used to review the quality of health apps. Some studies evaluated the quality 

based on downloaded app content, whilst others used the description of the apps 

available on the major app distribution platforms.  

 

The methods used to assess the apps varied considerably and included use of scales 

adopted from websites’ quality evaluation measures, presence of evidence-based 

content, quality assessment based on user ratings and reviews, and assessment of 

usability of app functions.  
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This review also showed inadequacies in the description of the quality assessment 

methods. The authors devised an eight-question checklist which described what 

information should be provided by reviewers of apps, such as the method of data 

collection and analysis, description of inclusion/exclusion criteria, country in which the 

app store was accessed, and a provision of a list of the identified apps. This tool helps 

to ensure that review methods for app quality evaluation are adequately reported and, in 

turn, replicated.  

 

Similarly, in their review Bardus, Smith [117], found a variety of methods used to evaluate 

the quality of apps: out of 20 studies concerned with app quality assessment, 17 

evaluated the content quality parameters, such as presence of evidence-based content 

and the use of theory. Four studies conducted formal evaluations of design quality 

parameters, such as usability and functionality. The approaches used to conceptualise 

and measure quality varied substantially, and the studies tended to focus on either the 

design quality or on the presence of evidence-based content, but not both. The authors 

called for more research to assess the quality of both design and content of health apps. 

 

Both reviews were descriptive in their approach and did not provide any 

recommendations on the most important domains of app quality and what measures 

should be used to evaluate the apps in order to standardise the app review process. In 

absence of a standardised framework, this chapter will first consider the definition of 

quality in mobile health apps.  

 

The selection of app quality components relevant to PA apps  

 

Health apps have the potential to be an important healthcare tool, hence healthcare 

quality indicators were considered appropriate to apply when assessing the quality of the 
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apps. The concept of quality in healthcare is complex and multifaceted [118]. Maxwell 

[119] proposed six dimension of healthcare quality: accessibility (ease of access to all 

patient groups), relevance to the need of the community, effectiveness, equity (fairness 

in the distribution), acceptability, efficiency and economy (desired health outcomes at the 

lowest cost). On the other hand, Donabedian [120] proposed a different categorization 

and argued for three crucial elements that pertain to the quality of healthcare: structure 

(facilities and healthcare professionals available), process (actions by which healthcare 

is provided), outcomes (the results of the actions). 

 

The dimensions of quality proposed by Maxwell and Donabedian were developed before 

the existence of “smartphones” apps, and are perhaps more applicable to healthcare 

services provided face-to-face. As potential new healthcare tools, apps need a more 

concise approach, one that High quality care for all: NHS Next Stage Review Final 

Report [121] may provide. This report outlined the 10-year vision for the (National Health 

Service) NHS with strategies to improve the quality of care. In the Report, high quality 

healthcare was defined as being (1) safe, (2) effective and (3) providing the most positive 

experience possible. These quality indicators are simple yet comprehensive as they 

include broad aspects of healthcare. They are also sufficiently flexible to apply to 

potential new healthcare tools, such as PA apps. In the following section, I consider how 

the criteria of safety, effectiveness, and provision of the best possible experience can 

been applied to PA health apps.  

 

The operationalisation of each of the quality components of PA apps 

2.2.2 What does safety mean in health apps?  

When applying the healthcare quality indicator of safety, I argue that two aspects of 

safety needs to be considered: a) attempts to minimise the risk of injury or harm as a 
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result of using the PA apps, b) the security of users’ personal information and their right 

to privacy. 

Overall, more PA conveys greater benefits although higher intensity of PA may also 

increase risk of injury [122]. In order to reduce the risk of injury the American College of 

Sports Medicine recommends incremental increase in PA that is tailored to the individual 

fitness level, and stresses the importance of warm up, conditioning and/or strengthening, 

and cool-down. The factors that influence the risk of sustaining an injury from PA are 

diverse and include type and dose of activity, age, health status, equipment used, as 

well as environmental conditions.  

 

In a review of research on adverse events associated with PA, it was found that the 

benefits of PA outweigh the risk of injury associated with PA [123]. In the light of these 

findings, I argue that 1) the benefits of potentially increasing PA through apps outweigh 

the risk of harm from PA apps, and 2) the factors increasing the risk of injury are complex 

and variable, and it would be challenging to measure the risk of injury from PA apps. 

Hence this quality indicator, albeit important, will not be assessed in this review.  

 

The security of users’ personal and health information, and their right to privacy, need to 

be considered when assessing the safety of health apps. Simple measures can be used 

to determine whether an app has basic levels of security and privacy, such as password 

protection, encryption, and explicit privacy policy [124]. Studies concerned with 

assessing security and privacy of online content would have used these indicators [125]. 

 

Yet, ensuring security of personal and health information proves challenging as 

manifested by the failure to identify insecure apps by a dedicated medical app store. The 

NHS App Library (closed in October 2015; recently reopened) was a database of health 

apps officially endorsed by the NHS. The process of peer review used in the Apps Library 
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ensured that apps were relevant for patients, used verifiable source of information, 

complied with Data Protection Act, and were clinically safe.  

 

However, in a study of 79 apps accredited by The NHS Apps Library, which were all 

considered safe, it was found that 89% of the apps were breaching users’ security by 

sending unencrypted information to online services, 66% of apps did not use encryption 

when sending users’ personal and health information, and 20% did not have a privacy 

policy [60].  

 

The authors of that study argued that regulatory bodies needed to establish more 

stringent rules for safety and security accreditation for the apps as, up until now, ensuring 

compliance with the principles of data protection relies extensively on developers [60]. 

Similarly, in their study on the security of apps, Wicks and Chiauzzi [126] argue that 

regulators are provided with insufficient resources to control the safety of an increasing 

number of apps, and that a new approach is needed, such as education of the users and 

pre-release expert reviews.  

 

The study by Huckvale, Prieto [60] involved a 6-month analysis of the data transmissions 

between digital devices as well as an in-depth examination of the privacy policies of each 

app. This is beyond the scope of this review. However, apps with high quality should 

provide easily available and accessible privacy policy information [127]. The ePrivacy 

directive (2002/58/EC, as revised by 2009/136/EC [128]) states that access to user 

information is permitted after gaining the user’s consent which can be given only after 

provision of “clear and comprehensive information” [Article 5(3)]. 

 

The Information Commissioner’s Office (ICO) is the UK's independent regulatory body 

set up to uphold information rights. It covers legislation related to data protection and 
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privacy. In their guidance on privacy in mobile apps directed at app developers [127], the 

ICO recommends that information about users’ data processing practices should be 

available before the app is downloaded. In addition, developer’s transparency about the 

purpose of users’ data gathering and sharing is crucial. A multi-lingual privacy statement 

is also recommended. Further, Online Trust Alliance (OTA) is a global organisation 

advocating best practices for security and privacy. In their guidelines, OTA advocates 

that a short form summary, in a simple jargon-free language, of the key points of the 

privacy policy should be made available to the potential user (with the full privacy policy 

available if the user wishes to access it). For the purpose of this study, the 

recommendations of the ICO and OTA were followed to design a tool assessing 

adherence to privacy and security of users’ data.  

2.2.3 What does “effective” mean in health apps?  

Scientific literature evaluating PA apps is in its early stage but some evidence of 

effectiveness emerges. Recently, Flores Mateo, Granado-Font [129] assessed the 

effects of interventions delivered using apps that aimed to reduce weight and increase 

PA. Meta-analysis of nine RCTs showed a significant decrease in body weight (-1.04 kg) 

and BMI (-0.43 kg/m2) compared to control group. The authors indicated a “nonsignificant 

difference in PA”. However, most of the studies focused on weight loss outcomes with 

only 5 of 12 studies including PA measure as secondary outcomes. As such, most of the 

app interventions focused on diet and nutrition. Hence, at the time of conducting these 

studies, there was limited evidence of PA app effectiveness that might relate to the lack 

of experimental evaluation research. 

 

Although app development companies are obliged to provide evidence if they claim that 

their apps are effective, high quality data (e.g., from randomised controlled trials) is not 

required [130]. Thus, data on effectiveness of commercial apps is limited.  
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In the absence of conclusive results from research assessing effectiveness of apps, 

alternative methods of evaluation can be used. One approach is to assess the likelihood 

of effectiveness by a) evaluating the content of the app for adherence to evidence-based 

guidelines, and b) inclusion of behaviour change techniques.  

 

In the UK, National Institute for Health and Care Excellence (NICE), an independent 

public body with a role to improve availability and quality of NHS treatments and care, 

produced evidence-based guidance on health behaviour change (NICE, 2014). 

McMillan, Hickey [132] analysed and converted NICE behaviour change guidance and 

applied it to apps in order to assess their adherence to evidence-based 

recommendations. The NICE recommendations were converted into a rating tool which 

was tested on apps from the NHS Apps Library. This study was the first that attempted 

to use NICE guidance to evaluate the health app market. One of the limitations of the 

tool is that, with 62 questions, the assessment is time-consuming. Secondly, some of the 

questions were difficult to evaluate without the input from the app developers. Thirdly, 

inter-rater agreement was poor for some of the questions, and each assessor interpreted 

some of the items in the tool slightly differently. Last, piloting was based on app 

description and not on the downloaded content. This is not recommended as the 

description of the app in the store might not be fully representative of the app content 

[83] . 

 

The scope of the NICE guidance is far-reaching, and it encompasses intervention 

developers, intervention deliverers, commissioners, as well as policy-makers. It also 

deals with formal assessment of effectiveness, and most of the apps on the market are 

not evaluated [133]. In this study, I argue, a more specific assessment tool addressing 

the quality of apps is needed to assess the likelihood of effectiveness of behaviour 

change apps aiming at increasing PA.  
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The second approach for assessing how likely the apps are to be effective is the inclusion 

of behaviour change techniques in the app content. The use of theory is vital in 

developing, evaluating and implementing effective behaviour change interventions [134]. 

However, choosing the most appropriate theory is challenging. There is an extensive 

body of work for classifying behaviour change interventions but none of the frameworks 

are comprehensive enough to cover a full array of intervention types, and there are often 

inconsistencies in the definitions of intervention components within these frameworks 

[135].  

 

The development of the Behaviour Change Wheel [113] incorporates and classifies a 

wide range of behaviour change interventions and enables interventions to be developed 

using a systematic method by identifying what changes are needed, selecting 

appropriate intervention functions, and specifying intervention content using the 

Behaviour Change Technique (BCT) Taxonomy [116]. The BCT Taxonomy [116] has 

been used in previous studies that aimed to characterise BCTs in wide range of health 

apps tackling various types of behaviours, such as weight management [136, 137], 

alcohol reduction [138], and PA [139]. 

 

Research has been accumulating on evidence for effective BCTs for PA behaviour 

change. Studies show: PA self-monitoring is one of the strongest predictors of behaviour 

change [140]; goal setting is frequently used and effective in increasing PA [141]; 

individually tailored feedback is more effective than non-personalised generic 

information on PA [142]; participants’ use of higher number of BCTs may be associated 

with better outcomes. Specifically, interventions where participants used more BCTs (11-

15) was associated with higher increase in PA in comparison to those that used fewer 

BCTs [143]. In addition, NICE guidance for behaviour change (NICE, 2014) recommends 

utilising the BCTs taxonomy when developing behaviour change interventions. 
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The Taxonomy has predominantly been used to evaluate more traditional face-to-face 

interventions by extracting the BCTs from written materials, such as journal papers and 

intervention manuals [144]. Thus, assessing BCTs in the context of mobile technology 

can be challenging as researchers extracting the BCTs from the apps need to “translate” 

the observed features into BCTs [145].  

 

In summary, there is limited evidence of effectiveness of PA apps. In the absence of high 

quality data from randomised controlled trials, there have been attempts to evaluate the 

likely effectiveness of PA apps by assessing their adherence to evidence-based 

guidelines and/or the use of behaviour change theories. For this study I utilised the BCT 

taxonomy to assess the potential for behaviour change of PA apps. In order to facilitate 

the process of assessing the apps, I mapped the app features and BCTs to help 

understand how BCTs are ‘translated’ in the apps. This will aid the extraction of the BCTs 

from apps in the future studies.  

2.2.4 What does “providing the most positive experience possible” mean 

in health apps?  

Two important aspects of positive experience were considered in the context of app 

review: a) user ratings in the app stores, and b) measures of design quality.  

2.2.4.1 User ratings 

User ratings in app stores are an easily available measure that may provide valuable 

information on users’ perceptions of an app [146]. In a recent attempt to assess the 

association between user ratings and different characteristics of apps, Mendiola, Kalnicki 

[147] found that providing features that enable plan of action, tracking, the ability to send 

data to healthcare providers, and higher usability impacted positively on user ratings. 

However, the model explained only 9.3% of the ratings. This study used a general 



 
 
   

55 
 

sample of health apps but it is possible that user perceptions about app characteristics 

vary depending on the behaviour addressed by the app. More research is needed to 

assess what app characteristics and technology-enhanced features are associated with 

user ratings in order to shed light on user preferences for PA apps.  

 

One problem with user ratings is that fake app ratings may be used to boost sales [148, 

149] , and companies specialising in providing app reviews and ratings operate on the 

market, for example: http://app-reviews.org. Positive ratings can be bought but there is 

a reliance on genuine users of the app to mark it down if the app does not live to their 

expectations [150]. Despite this shortcoming, user ratings have two advantages: a) they 

are easily available and b) most users pay some attention to them, and, as such, 

including them adds to the external validity of the study, as it mimics user experience. 

2.2.4.2 Measure of design quality  

When defining ‘provision of the most positive experience possible’ in an app, the design 

aspects of an app needs to be considered. Users often choose an app based on 

perceived design quality and ease of use [130]. 

It is not surprising that design performs a salient role in eHealth interventions [151]. It 

plays an important role in addressing health inequalities in uptake and adherence to 

digital intervention through use of simple language and presentation of information in an 

audio-visual format [152]. However, there is no one standardised framework to assess 

the design quality of apps.  

 

There is an inherent problem with assessing measures of app design quality as many of 

the design aspects are subjective in nature. Powell, Torous [153] assessed inter-rater 

reliability of 22 measures used to evaluate the quality of apps and found that most of the 

assessment tools had poor inter-rater agreement. In general, those that were more 

objective (assessed on facts) had high levels of inter-rater reliability, in comparison to 

http://app-reviews.org/
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those that may be considered more subjective, such as ease of use. Nevertheless, 

design aspects, such as aesthetics, ease of use and tailoring play an important part in 

app uptake and usage, and any assessment of app quality need to address not only the 

quality of the content but also the quality of design.  

 

Usability evaluation is a common method used in user-centred design to assess the 

quality of app design. There are various methods to assess usability, such as think aloud, 

where users comment on the product while using it; cognitive walkthrough, where task 

scenarios are used to assess any usability issues; and heuristic evaluation, which is 

typically conducted by the product designers. It involves evaluating the product according 

to the five usability factors: learnability, efficiency, memorability, error recovery, and 

satisfaction [154].  

 

Jacob Nielsen’s heuristic evaluation is one of the most popular tools for assessing 

usability is [155]. It enables identification of potential issues in the system that are likely 

to hinder its usability. This method is considered to be the standard for evaluation of user 

interface [156]. The advantages of the Nielsen’s usability heuristics is that it needs fewer 

resources, in comparison with other methods of usability evaluation (such as think aloud 

or cognitive walkthrough, where the user is asked to perform certain tasks), and can be 

done by evaluators rather than users. It is often called a “discount” method.  

 

However, the potential issue with the Nielsen’s usability heuristics is that it consists of 

general usability principles which may prove difficult to reliably interpret. As the Nielsen’s 

heuristics evaluation was developed almost 20 years ago for assessment of user 

interfaces in general, evaluators often need to tailor the heuristics to test new 

technologies. It is argued that for the purpose of the current study, a more specific tool 

for assessing the design quality of health apps was needed. 
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Most recently, Stoyanov, Hides [157] attempted to address the gap in the lack of specific 

measure in app quality assessment and developed the Mobile Application Rating Scale 

(MARS) which incorporates quality dimensions that are of importance to both health 

professionals and developers. The authors conducted a review of studies assessing 

quality across diverse research areas, such as mHealth and User Experience and 

extracted quality indicators. Subsequently, an expert panel comprising of health 

professionals, and digital technology designers and developers helped to develop the 

four categories (with 19 items) that comprise the MARS scale: Engagement, 

Functionality, Aesthetics, and Information quality. 

 

The tool was piloted on 60 mental-health related apps and showed a high degree of 

internal consistency and mostly high inter-rater reliability. Moderate levels of inter-rater 

reliability were achieved for the Ease of use and Navigation items in the Functionality 

category of the scale. These findings might reflect the subjective nature of these items 

and variability in technology literacy. It has to be noted that the item Evidence base within 

the Information quality scale was not evaluated in the pilot study as the item requires that 

the app would be trialled/tested. The authors argue that, as the impact of the apps 

included in the pilot study was not assessed, they excluded this item from the analysis. 

However, in the absence of formal evaluation data, there are measures to assess the 

likelihood of app effectiveness based on their content, such as inclusion of BCTs and 

adherence to best practice guidance (as discussed earlier).  

 

Despite these weaknesses, the MARS scale appeared to be most suitable tool to use for 

the present study as a) it was the only tool that addressed an extensive variety of app 

design characteristic and functionalities, and b) was specifically developed to address 

the quality in health-related apps which was the aim of this study.  
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___________________________Reflective log___________________________ 

 

2.2.5 To MARS and back – experiences of applying the scientific method  

I decided that MARS would be the measure of choice for my study and I decided to pilot 

the scale. I watched the video training for the MARS assessment, made notes, and 

completed the exercise provided. I instructed my second reviewer to do the same and 

we used the MARS tool to assess the first app in the sample. In the next section I 

describe the process of using MARS and the valuable lesson I learnt from this 

experience.  

 

During the discussion of the results of the pilot assessment with my co-reviewer, I 

realised that there was a substantial discrepancy between how we both understood the 

concepts addressed by the tool and how we interpreted the 5-point scale. Each of the 19 

items of MARS provides a wide spectrum of app characteristics, both in the content, 

functionality, and appearance, most of which are subjective in nature.  

 

I decided to attempt to make MARS as objective as possible. My first step was to contact 

the authors of the scale. They were very responsive but informed me that, beyond the 

video training there was no other information on MARS assessment. I decided it was 

important to devise a manual explaining the meaning of the 19 concepts with their 

accompanying the 5-point rating scale that constituted the MARS tool. I followed these 

steps:  

 I transcribed the MARS training video in an attempt to make the explanation of 

the assessment tool more explicit  

 I searched the scientific databases on various concepts addressed in the scale, 

such as entertainment, interactivity, gamification, customisation (including what 
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is the basic level of customising), etc. in the context of apps and, more broadly, 

in digital technology 

 I asked other researchers that used the scale on their approach in dealing with 

the ambiguity of the tool but they did not provide me any additional information 

 I contacted researchers in the field of health apps researchers who might assist 

me with creating definitions of the items 

 I met with an app developer to clarify the definitions of the concepts but I was 

unable to get answers that would enable me to make the MARS assessment 

more objective 

 

I would like to illustrate the issue with MARS using an example. The first item in the 

MARS tool assesses Entertainment of the app (Table 5): 

 

Table 5: Entertainment item of the MARS scale 

Entertainment: Is the app fun/entertaining to use? Does it use any strategies to 

increase engagement through entertainment (e.g. through gamification)? 

1 Dull, not fun or entertaining at all 

2 Mostly boring 

3 OK, fun enough to entertain user for a brief time (< 5 minutes) 

4 Moderately fun and entertaining, would entertain user for some time (5-10 

minutes total) 

5 Highly entertaining and fun, would stimulate repeat use 

 

Entertaining is a highly subjective adjective synonymous with delightful, amusing, 

fascinating, chucklesome, amongst others [158]. To help with my definition of the 

concept, I searched the area of entertainment but my research was futile as I found there 

is lack of research on what entertaining might mean in apps above the example of 

gamification.  
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I decided to contact a researcher who worked on defining engagement in apps and asked 

her about entertainment in apps. She also proposed that gamification, i.e., earning virtual 

rewards (points and badges) could be entertaining for the users.  

 

Consequently, I put together a definition of gamification based on the literature available: 

Gamification is defined as “the use of game design elements in non-game contexts”[159]. 

The six core components of gamification were taken from the review of gamification 

elements used in health apps. These were: a) leaderboards, b) levels of achievement or 

rank, c) digital rewards (e.g., points, medals, badges), d) real world prizes, e) 

competitions/challenges, f) social or peer pressure [160]. 

 

I was momentarily satisfied with my attempts until I tried to define what 1-5 scale means 

in the entertainment item, and what is the difference between 4 and 5 or 1-2. This issue 

was not limited to the Entertainment item but emerged for many other definitions of the 

MARS tool, such as Interest, Interactivity, Visual appeal, etc. My determination and 

fixation with my ideal measure resulted in spending a substantial amount of time 

attempting to “transform” subjective properties to an objective assessment. Finally, I 

realised this was not efficient use of my time.  

 

I stepped back, reflected and looked again at different measures to assess the most 

positive experience possible and I went back to usability assessment as I decided it was 

more objective than MARS. However, most of the usability assessment tools I found are 

complex and need to be conducted by usability experts and/or with users. 

Then I reconsidered System Usability Scale (SUS), a measure I had previously 

dismissed almost immediately as suboptimal. It is often called “quick and dirty” 

assessment of usability and I thought that neither quick nor dirty were the descriptors I 

would like to associate with my PhD.  
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SUS was developed in 1986 within the industrial context to measure how people 

perceived the usability of the computers they worked on [161]. Although there have been 

many other measures of usability developed since then, the SUS is still widely used, with 

almost 4,000 references in various journal articles. The SUS is considered an industry 

standard; it is referenced in the leading user experience practice and guidelines online 

resource which was set up by the Digital Communications Division in the U.S. 

Department of Health and Human Services (usability.gov).  

 

The appeal of the SUS lies in its simplicity, flexibility, and cost-effectiveness. This scale 

provides a single overall reference score for users’ views of product’s usability which is 

understood by people from a range of professions. As a result of this wide applicability, 

the SUS has been used to evaluate many types of products and services. Whilst usability 

testing performed in a laboratory setting is expensive [162] and time-consuming, SUS 

provides a low-cost alternative to solicit feedback from actual users. In the context of app 

reviews, SUS was used to construct an assessment for health apps in general [163] and 

to evaluate apps in weight loss [137]. 

 

Although developed as a tool for assessment and improvement of commercial products 

and services, SUS has been utilised for scientific purposes, and the tool was empirically 

evaluated. Studies on the psychometric properties of the SUS reported an inter-rater 

agreement of 0.85 [164]. In a large scale study, Bangor, Kortum [165] analysed 10 years’ 

worth of SUS data, including 206 studies which represented 2,324 user surveys. They 

found high reliability of the instrument (Cronbach’s alpha of 0.91).  

 

Attempts were made, using factor analysis, to identify the distinct concepts measured by 

the SUS [165, 166]. The number of unique concepts, also called the dimensionality of 

the scale, is somewhat controversial; some researchers reported only one significant 

http://www.hhs.gov/web/aboutus/index.html
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factor for the 10 items that comprise the SUS scale suggesting that the tool measures 

one dimension: Usability [165]. However, Lewis [166] argued that SUS measures, in fact, 

two dimensions: Usability and Learnability. For the purpose of this study, the SUS will be 

analysed as a single scale reflecting usability, as originally intended by Brooke [162] . 

 

As the use of the SUS increased, the interpretation of the total score (and average total 

score) became standardized. The scale ranges from 0 to 100, so the mean score has 

the same range. A common interpretation emerged that is similar to a university grading 

system, for example, score of 90 to 100 was an A, 80-89 was a B, etc. Although these 

thresholds were practical and widely used, they were not validated or anchored to 

concepts such as user preference. Bangor, Kortum [165] attempted to address the issue 

and conducted a study where an additional descriptive item was added to the SUS scale. 

This new item comprised of seven ordered adjective phrases (from best imaginable to 

worst imaginable). The SUS tool including this additional item was administered to 964 

participants. They found that the adjective rating scale was strongly related to the SUS 

scores (correlation of 0.806), which would indicate that the thresholds are appropriate. 

This study will use these descriptors to interpret the app usability scores.  

 

The SUS scale’s simplicity is a great advantage but it is also restrictive in its low 

granularity of the data obtained. I realised that I need to make the trade-off of what is 

ideal and what is possible in the context of this review. Based on what I have learnt, I 

argue that in researcher-led review of apps, the most objective measure of experience 

possible should be used to assess the quality of apps in order to yield meaningful results. 

More subjective measures pertaining to user experience should be assessed with the 

users themselves.  

_______________________End of the reflective log_______________________ 
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2.2.6 Previous reviews and content analyses of quality in PA apps  

The most recent review and content analysis of apps aimed at increasing PA described 

the frequency of BCTs used in the sample of 64 apps [145]. They found that, on average 

five BCTs were used in each app. The study excluded apps which did not provide tailored 

feedback and those that did not follow the recommended PA levels. The study also used 

the previous version of BCT Taxonomy which included 26 items [144].  

 

Similarly to Middelweerd et al.’s study [145], Conroy, Yang [167] rated the presence of 

BCTs in 167 PA apps’ descriptions and found that each app incorporated fewer than four 

BCTs. The most common BCTs included instruction, modelling, providing feedback on 

performance, goal-setting, and planning social support/change. This study used the 

limited 40-item CALOR-RE Taxonomy [168], and apps were coded based on their 

description, and not the downloaded content.  

 

Yang, Maher [139] assessed the presence of BCTs in PA apps using the most recent 

BCT Taxonomy (v1; Michie et al., 2013) and tested for difference between paid and free 

apps. They found that, on average, only 6.6 of 93 BCTs in the Taxonomy were present 

in each app. They found no difference between paid and free apps.  

 

Cowan, Van Wagenen [169] assessed the inclusion of various health behaviour theory 

constructs in PA apps and found that only a small number of apps included behaviour 

theory constructs. In addition, the study suggested higher quality apps were more 

expensive. The assessment was limited to the four major health behaviour theories, and 

only apps available in iTunes store were evaluated. In addition, the study excluded apps 

only with overall ≤ 4 star rating, and those that were not available on iPad.  
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Knight, Stuckey [170] assessed adherence to PA guidelines in PA apps and presence of 

selected technological features in the sample and found that none of the apps 

implemented the PA guidelines on aerobic PA, and seven out of 379 adhered to the 

guidelines for resistance training. The assessment included a random selection of apps 

from the two pre-specified groups: endorsed by a non-commercial agency and only those 

that have ratings of ≥ 4.5. 

 

In conclusion, previous studies described the presence and frequency of BCTs in PA 

apps [139, 145, 167], inclusion of health behaviour theory constructs [169] and 

adherence of app content to PA guidelines [170]. Of the studies that used a systematic 

classification of the content of behaviour change interventions, only one is the latest 

version of the taxonomy (BCT Taxonomy v1; Michie et al., 2013). All the previous 

reviews of PA apps focused on the behavioural content as operationalised by inclusion 

of theory or behaviour change techniques. Inclusion of theory is an important aspect of 

quality assessment. However, as discussed, various different quality indicators should 

be considered when assessing app quality, such as design quality and data security.  

 

The novelty of this study lies in the systematic adoption of healthcare quality indicators 

to assess the current publicly available PA apps. As such, this study is looking at the 

potential efficacy of those apps, their data safety and privacy, and the user experience 

of those apps. At the time of writing this chapter, no other studies have looked at such 

comprehensive definition of quality of apps. 

2.2.7 Aims and objectives  

 

The overall aim of this study was to ascertain the quality of current PA apps available on 

the market using the healthcare quality criteria of a) safety, b) effectiveness, and c) 

provision of the most positive experience possible. Table 6 summarises the healthcare 

quality indicators used in this study. 
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The specific objective of the study were: 

- To identify the most popular PA apps on the market  

- To assess the privacy and security of the users’ data 

- To ascertain the likely effectiveness by quantifying the presence of BCTs in the 

apps 

- To describe the quality of app development and the evaluation process in terms 

of organisational affiliation, expert and user involvement, and the evidence of 

evaluation in peer-reviewed journals  

- To describe the user experience by assessing the user ratings and the usability 

of the apps  

To assess if the free apps differ from the paid apps 

 

Table 6: The summary of the healthcare quality indicators as applied to PA apps 

Quality indicator 

of healthcare 

Applying the indicator to health apps 

Safety Privacy and security of data  

Effectiveness Behaviour Change Techniques [116] 

Development and evaluation process:  

— Organisational affiliation 

— Expert involvement  

— User involvement  

— Evidence of scientific evaluation 

Positive experience  User ratings 

System Usability Scale [162] 

 

2.3 Methods  

2.3.1 Study design 

This study was a review and a content analysis of the most popular PA apps on the 

market. The Quality and Risk of Bias Checklist for Studies That Review Smartphone 
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Applications was used to ensure that methods for apps’ review were adequately 

described [83]. 

2.3.2 Sample identification 

The sample of apps for increasing PA was obtained from the UK‘s versions of the iTunes 

and Google Play (GP) stores on 17/10/16. As there are mixed findings on the association 

between price and inclusion of behaviour change components [139, 169, 171] both free 

and paid apps were included in the study. Popularity of apps was defined as being in the 

top 100 ranking (paid and free) in the “Health & Fitness category” in both stores. This 

method of assessing popularity has been used in other studies assessing apps [137, 

172, 173], and it was selected in order to simulate the user experience of browsing the 

store to select a health app. The first 100 apps were considered as users are more likely 

to focus on the top results and rarely examine the search results thoroughly [174]. In 

total, 400 apps’ titles and descriptions (100 iTunes free + 100 iTunes paid + 100 GP free 

+ 100 GP paid) were screened against the eligibility criteria (see Appendix A for the 400 

apps used for sample identification process). Duplicate apps (the same apps in both 

stores), were considered if the duplicates were within the 400 highly ranked apps. The 

apps were screened by two reviewers against the following eligibility criteria:  

Apps were included if: 

 Their main goal was to increase PA 

 They were targeted at healthy adults 

 They had stand-alone functionality (did not need to be linked with peripheral 

devices, such as pedometers; and did not require paid membership in order to 

access the app)  

Apps were excluded if: 

 The primary aim of the app was focused on multiple behaviours or behavioural 

outcomes (e.g., apps targeting both PA and diet in equal measures) as it would 
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be difficult to compare apps that target multiple health behaviours [169] with those 

targeting a single behaviour; 

 The target population was patients with a specific health condition, as these users 

were likely to have different needs and motivation to healthy adults; 

 They were sold as part of a pack (“bundle”) as it was not impossible to extract the 

popularity ranking from a pack of multiple apps. These apps are very often 

positioned within the ranks separately. 

2.3.3 Sample assessment  

The apps were downloaded onto an iPhone SE and 6 (running iOS 10.2.1 and 9.3.4 

software respectively) and Android Samsung Galaxy S6 and J5 (running 6.0.1 and 5.1.1 

software respectively), and assessed independently by two reviewers (PB and GA) using 

an extraction form (Appendix B for data extraction form). Each app was left running in 

the background for two days for the assessors to explore any reminders/notifications. If 

two apps were identified as duplicates and there appeared to be consistency of design 

and content between both operating systems, the apps were assessed on iPhone only.  

2.3.4 Data extraction and measurement  

For the purpose of this study, PA is defined as any aerobic activity that can produce 

moderate (such as brisk walking, riding a bicycle on a level ground) to vigorous activity 

(such as running, riding a bicycle on hills), or muscle-strengthening activity (such as 

working with resistance bands, yoga) [89, 175]. 

2.3.4.1 Descriptive data  

The following descriptive data were extracted from both app stores: app’s name, brief 

description, type of PA targeted (e.g., running, walking, whole body workout), platform 

on which the app was available, developer’s name, rank, number of ratings, cost, size, 

last update, and version. As there is little research looking at what influences user ratings 
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in the app stores, all the potential variables that might affect user experience were 

extracted from the app stores. 

2.3.4.2 Data privacy and security assessment 

The privacy and security assessment (Table 7) was devised for this study and was based 

on the recommendations of ICO and OTA. It comprises of eight questions evaluating the 

availability, accessibility of privacy policy, data gathering and sharing practices, and data 

security as it is discussed in the privacy statement. The manual for the data extraction of 

the data privacy and security assessment is available in the Appendix C.  

Table 7: Data privacy and security assessment 

Q1:  

Availability 

Is there privacy information available? (only 

continue if answered ‘Yes’) 

 Yes/No 

Q2:  

Availability 

Is the privacy information available without the 

need to download the app? (example: app store, 

via a link to the privacy policy or the app’s 

website) 

 Yes/No 

Q3: 

Availability 

Is the privacy information available within the 

app? 

 Yes/No 

Q4: Accessibility  Is there a short form notice (in plain English) 

highlighting key data practices which are 

disclosed in detail in the full privacy policy?  

 Yes/No/NA* 

Q5: Accessibility Is the privacy policy available in any other 

languages? 

Yes/No  

Q6: Data 

gathering  

Does the app collect Personally Identifiable 

Information?  

Yes/No/NS 

Q7: Data sharing  Does the app share users’ data with 3rd party? Yes/No/NS 

Q8: Data security Does the app say how the users' data security is 

ensured? e.g. encryption, authentication, firewall 

system 

Yes/No 

Notes: NA, not applicable; NS, not specified; *NA in Q4 was indicated when the policy 

statement was concise 
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2.3.4.3 Behaviour Change Techniques  

Michie et al.'s 2013 BCT Taxonomy (v1) was used to assess the number of BCTs in each 

app and the frequency of each BCT in the app sample overall. The coding manual 

provides guidelines to investigate the presence of 93 BCTs in behaviour change 

interventions and has been used in previous studies that aimed to characterise BCTs in 

health apps [136-138, 167, 176]. In line with the instructions, each BCT was coded as 

Absent, Present ++ (BCT present beyond all reasonable doubt), Present + (BCT present 

in all probability but evidence unclear). The evidence for the presence of the BCTs in 

each app was recorded. 

2.3.4.4 App features  

Health apps use technology-enhanced features to deliver BCTs in order to influence 

behaviour. The apps were categorised according to the features offered by the app, e.g., 

PA tracking, reminders, app community, data visualisation, etc.). The terms feature and 

functionality are often used interchangeably [137, 177, 178]. As this study focuses on 

the visible properties of an app from the user’s point of view, a user-centric definition of 

features was utilised: “For systems with a large number of internal states, it is easier, 

and more natural, to modularize the specification by means of features perceived by the 

customer”. 

2.3.4.4.1 App features and mapping of the features and the BCTs  

In this study, BCTs were mapped onto the features of the PA health app sample in order 

to gain a better understand of the features that support BCTs to increase PA. To the 

writer’s best knowledge, there is no list of features that are commonly used in PA apps. 

10 apps that were extracted for the power size calculation (required for Study 2 and 

discussed in Chapter 3, section 3.3.6: Sample size justification) were used to compile a 

list of features. The list was continuously updated throughout the app extraction process 

in order to accommodate for new features that were found in the PA app sample.  
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2.3.4.5 Quality of development process and evidence for evaluation  

The following characteristics of the app content development were extracted: 

organisational affiliation (university, medical, government or other non-profit institutions); 

health or behaviour change expert involvement (e.g., health professional, behaviour 

change specialist, etc.); evidence for user involvement in the development of an app; 

evidence of evaluation assessed by presence of any peer-reviewed studies assessing 

the app. Studies providing data on any scientific evaluation of the apps included in the 

sample were identified by searching for the name of the app using the following scientific 

databases: PubMed, ACM Digital Library, IEEE Xplore, Google Scholar.  

2.3.4.6 User Ratings  

In app stores, the user can award 1 to 5 stars to the app. The average star rating was 

calculated by summing the number of stars (standard range from 1 to 5 stars) and 

dividing them by the number of users who submitted ratings.  

2.3.4.7 SUS 

SUS consists of 10 items that are ranked on a 5-point Likert scale, from “strongly 

disagree” to “strongly agree”. Half of the statements are negatively loaded. In this study, 

I made 2 changes to the original scale. First, the wording of the 8th statement was 

changed from "cumbersome" to "awkward" as recommended [165, 166, 179]. Second, 

the word "system" was replaced by "app" to make the scale applicable to the sample in 

this study. The interpretation of the SUS score used the thresholds proposed and 

validated by Bangor, Kortum [165] (Figure 5).  
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Figure 5: Descriptive ratings representing the SUS score (reproduced with permission 

from [165] 

 

When assessing the usability of the apps, the reviewers followed the Nielsen’s five 

quality components which define usability [180] which was marginally adapted to reflect 

the review process instead of assessing the apps with users (Table 8). The reviewers 

kept a descriptive record of their rationale of each SUS score which consisted of notes 

on overall usability and any issues they experienced with app usability (Appendix D 

displays SUS score descriptive record). The SUS score for each app from the 2 

reviewers was averaged.  

Table 8: Five questions used in the review when assessing usability 

Q1: Learnability How easy is it for the reviewer to accomplish basic tasks the first 

time they encounter the app? 

Q2: Efficiency Once the reviewer has learned the app, how quickly can they 

perform tasks? 

Q3: Memorability When the reviewer returns to the app after a period of not using 

it, how easily can they re-establish proficiency? 

Q4: Errors  How many errors do the reviewers make, and how easily can 

they recover from the errors? (In the case of this assessment, 

the reviewers will focus on crashes/bugs/broken features, etc.) 

Q5: Satisfaction How pleasant is it to use the app? 
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2.3.5 Inter-rater reliability assessment  

Discrepancies between the reviewers were resolved through discussion and 

consultations with an expert in behaviour change (LA). The a priori strategy for assessing 

the coding agreement was to complete the extraction of data for 10 apps, compare the 

results and discuss any discrepancies in understanding of the measures before 

extracting the rest of data. Following the discussions about the BCT extraction, it was 

decided that a BCT Manual will be devised to facilitate the extraction of BCTs from PA 

apps. The Manual was based on the experiences of extracting the BCTs from the first 

10 PA apps and was refined after the discussions of discrepancies between the 2 

reviewers. The BCT Manual is presented in Appendix E. 

 

Inter-rater reliability was assessed for the presence (either ++ or +)/absence of the BCTs 

by calculating Cohen’s kappa statistic [181] for each item. In addition, ‘Prevalence and 

bias adjusted kappa’ (PABAK) [182] was assessed for the presence/absence of BCTs. 

The occurrence of high prevalence of negative agreement (when both rates agree that 

the BCT is absent) is very likely in the context of inclusion of BCTs in an app. When high 

prevalence of the identical response is seen, the kappa value results in low proportion of 

agreement, although the observed agreement is high [183] .  

 

Figure 6 below shows the comparison of kappa and PABAK agreement measures. For 

example, in the 3rd instance the proportion of observed agreement that the BCT is absent 

is 0.83 (5/6), but the kappa shows 0 agreement. PABAK adjusts for the high prevalence 

of responses showing substantial agreement. PABAK has been used for psychometric 

properties of BCT Taxonomy and other studies concerned with app assessment [138, 

184].  
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Figure 6: Hypothetical examples of coders’ agreement of 6 BCTs with a comparison of 

kappa and PABAK. 

 

2.3.6 Data analysis 

The number of BCTs in the apps was summarized using the mean, standard deviation, 

median, 25th and 75th percentiles, and the maximum and minimum. Similar statistics were 

used to summarize user ratings, cost, size, and SUS score. Proportions were used to 

summarize the variables: data privacy and security, organisation affiliation, expert and 

user involvement and the evidence of evaluation in peer-reviewed journals. 

 

The summary descriptive tables were presented for each store for free and paid apps 

separately and in total, as app stores have separate rankings based on the cost. Free 

and paid apps were compared as there is some evidence indicating a relationship 

between price and other app characteristics, such as the inclusion of BCTs [139, 169, 

171]. Specifically, to assess if there was a differences in store characteristics between 

free and paid apps, t-test was used to compare the average user ratings, size and the 

number of BCTs; Wilcoxon test was used to compare the number of ratings; Fisher’s 

Present Absent Total Present Absent Total Present Absent Total

Present 0 2 2 Present 4 2 6 Present 0 0 0

Absent 1 3 4 Absent 0 0 0 Absent 1 5 6

Total 1 5 6 Total 4 2 6 Total 1 5 6

% agree 50% % agree 67% % agree 83%

k -0.29 None k 0.00 None k 0.00 None

PABAK 0.00 None PABAK 0.33 Fair PABAK 0.67 Substantial

Present Absent Total Present Absent Total Present Absent Total

Present 2 0 2 Present 4 1 5 Present 1 0 1

Absent 3 1 4 Absent 1 0 1 Absent 1 4 5

Total 5 1 6 Total 5 1 6 Total 2 4 6

% agree 50% % agree 67% % agree 83%

k 0.18 Slight k -0.20 None k 0.57 Moderate

PABAK 0.00 None PABAK 0.33 Fair PABAK 0.67 Substantial

Agree about 3/6 Agree about 4/6 Agree about 5/6
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exact was used for last update (<3 months; 3-6 months; >6m months), organisational 

affiliation, expert and user involvement, and presence of any peer-reviewed studies. 

2.4 Results 

2.4.1 Sample identification results  

Out of 400 apps, 244 apps were excluded (209 apps did not target PA, 22 apps needed 

a peripheral device or paid membership in order to use the app and 13 apps focused on 

multiple health behaviours), and 156 met the inclusion criteria. Thirty one duplicates were 

found yielding a sample of 125 unique apps. From this sample, 10 apps were used to 

conduct the sample size calculation which was a necessary step for Study 2 which 

assessed an association between quality indicators and user ratings (described in detail 

in Chapter 3, section 3.3.6: Sample size justification). Consequently, a sample of 65 apps 

was required as indicated by the sample size calculations. 32 free and 33 paid apps, 

were randomly selected using the random number generator function in Excel. A flow 

chart of the app selection process is summarised in Figure 7.   
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Figure 7: Flow chart of the apps included in the analysis  

 

2.4.2 Sample assessment results  

2.4.2.1 Descriptive data  

Individual level data for each app is presented in Appendix F. The descriptive data (user 

ratings, number of ratings, cost, size, and last update) are presented in Table 9 for iTunes 

and Table 10 for GP. There were no statistically significant differences in the number of 

ratings, cost, size, and last update between the free and paid apps in either iTunes or 

GP store.  

 

Number of ratings  

In iTunes, there was a wide range of the total number of ratings given to the apps, from 

11 to 24,530 ratings. Free apps were rated more than paid apps (median of 758 for free 
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versus 127 median number of ratings for paid apps). The total number of ratings given 

to each app varied substantially in GP, ranging from 7 to 625,077. Similar to iTunes, free 

apps were rated more than paid apps (median number of 44,923 for free versus 1,720.5 

median number of ratings for paid apps). There was a substantial difference in the 

number of ratings between iTunes and GP store with median number of ratings of 550 

in iTunes and 5856 in GP. 50% of the apps had between 86 and 1,719 ratings in iTunes, 

while in GP 50% of apps had between 1,475 and 78,204. 

 

Price  

The average price of paid iTunes apps was £2.50. Apps in GP were slightly more 

expensive than in iTunes, with an average price of £3.60. 

 

Size  

In iTunes, the size of the apps varied substantially with the mean of 91.8 and SD of 64.1 

MB. Paid apps were slightly larger than free apps (the mean of 94.9 in comparison to 

88.4). The paid apps in GP were also larger than the free apps (the mean of 43.4 in 

comparison to 28.4). The total mean MB in GP was 43.4 and SD of 28.2, and there was 

a difference in the sizes of apps between the 2 stores, with iTunes apps being 

substantially larger (mean of 91.8 in iTunes versus 43.4 in GP). 

 

Last update  

More than half of the free apps (61.9%) were updated within the last three months in 

comparison to 29.2% of paid apps in iTunes. Within the paid group, 41.7% were updated 

more than 6 months ago. Similarly, in GP free apps, the largest group (76.2%) were 

updated in the last 3 months. Within the paid apps, 43.8% were updated within the last 

3 months, 18.8% between 3-6 months, and 37.5% of apps were updated > 6 months 

ago. 
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Table 9: Descriptive data – iTunes 

    

  

Free - 
iTunes 

Paid - 
iTunes 

Total - 
iTunes p-

value 
(N=21) (N=24) (N=45) 

Avg. user rating (1-5 
stars) 

Mean ± 
SD 

4.1 ± 0.8 4.3 ± 0.6 4.2 ± 0.7 0.251 

  Median 4.4 4.6 4.4   

  
25, 
75%tile 

4.0, 4.6 4.0, 4.8 4.0, 4.6   

  
Min, 
Max 

2, 5 3, 5 2, 5   

  

Number of ratings 
Mean ± 
SD 

3408.4 ± 
5848.4 

773.7 ± 
1187.0 

2031.2 ± 
4289.7 

0.158 

  Median 758 127 550   

  
25, 
75%tile 

438.0, 
3698.0 

47.0, 
1247.0 

85.5, 1719.0   

  
Min, 
Max 

14, 24530 11, 3845 11, 24530   

  

Cost - iTunes 
Mean ± 
SD 

  2.5 ± 1.5     

  Median 
N/A 

2.3 
N/A 

  

  
25, 
75%tile 

1.5, 3.0   

  
Min, 
Max 

  1, 8     

  

Size (MB) 
Mean ± 
SD 

88.4 ± 49.8 94.9 ± 75.4 91.8 ± 64.1 0.739 

  Median 74.3 83.3 82.2   

  
25, 
75%tile 

52.0, 131.0 61.7, 102.0 58.1, 104.0   

  
Min, 
Max 

11, 164 9, 376 9, 376   

  

Last Update < 3 mo 
13 (61.9%) 

 
7 (29.2%) 20 (44.4%) 0.084 

  3-6 mo 
3 (14.3%) 

 
7 (29.2%) 10 (22.2%)   

  > 6 mo 
5 (23.8%) 

 
10 (41.7%) 15 (33.3%)   

Notes: MB, megabytes; N/A, not applicable; mo, months 
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Table 10: Descriptive data – GP 

  

  
Free - GP Paid - GP Total - GP p-

value (N=21) (N=16) (N=37) 

Avg. user rating (1-
5 stars) 

Mean 
± SD 

4.4 ± 0.5 4.4 ± 0.3 4.4 ± 0.4 0.784 

  Median 4.5 4.5 4.5   

  
25, 
75%tile 

4.4, 4.6 4.4, 4.6 4.4, 4.6   

  
Min, 
Max 

2, 5 4, 5 2, 5   

  

Number of ratings 
Mean 
± SD 

119000.7 ± 
165085.0 

14457.9 ± 
43700.8 

73793.0 ± 
136723.2 

1 

  Median 44923 1720.5 5856   

  
25, 
75%tile 

5827.0, 
199596.0 

384.5, 
6452.0 

1475.0, 
78204.0 

  

  
Min, 
Max 

206, 625077 7, 177277 7, 625077   

  

Cost - Google Play 
Mean 
± SD 

  3.6 ± 2.3     

  Median 

N/A 

2.7 

N/A 

  

  
25, 
75%tile 

2.3, 5.0   

  
Min, 
Max 

  1, 9     

  

Size (MB) 
Mean 
± SD 

28.4 ± 21.2 43.4 ± 34.2 34.9 ± 28.2 0.109 

  Median 26.8 31.5 29.6   

  
25, 
75%tile 

12.2, 38.5 27.7, 54.0 15.4, 43.9   

  
Min, 
Max 

2, 73 1, 145 1, 145   

  

Last Update < 3 mo 
16 (76.2%) 

 
7 (43.8%) 23 (62.2%) 0.120 

  3-6 mo 
1 (4.8%) 

 
3 (18.8%) 4 (10.8%)   

  > 6 mo 
4 (19.0%) 

 
6 (37.5%) 10 (27.0%)   

Notes: MB, megabytes; N/A, not applicable; mo, months 
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The highest-ranked apps 

The top-ranked free app in both iTunes and GP, was Fitbit by Fitbit, Inc. and the highest 

ranked paid app was 7 Minute Workout Challenge by Fitness Guide Inc., also in both 

stores. 

 

2.4.2.2 Type of PA apps  

In order to characterise the sample, the apps were categorised into five groups that were 

similar in their primary function: workouts; movement trackers; running programmes; 

pedometer-based apps; and interval timers.  

 

Workouts  

Of the 65 apps assessed, the most common type of apps was prescribed workout apps 

(N= 31). These apps had specific exercises that were often grouped into workouts. The 

primary function of the apps in this group was to track the completion of the workout 

based on timers or user-logged PA information. The distinctive features of the workout 

apps are videos and audio instructions; timers to guide the user when to exercise and 

rest; and summary reports on the frequency of workouts completed.  

 

Within this category of app, 20 apps included various workouts using either equipment 

or bodyweight; 5 apps tracked one type of workout, the 7 Minute Workout, developed by 

the researchers from the Human Performance Institute [185] who combined aerobic and 

resistance training into short high intensity interval training (HIIT); 4 apps were focused 

on abdominal muscles only; one app focused on the goal of achieving 100 push-ups 

Figure 8).  
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Figure 8: Examples of the features in the workout apps. 

1. Video instructions in Adrian James High Intensity Interval Training by Adrian James 

Nutrition Ltd; 2. Timers to guide the user when to exercise and rest in Sworkit by 

Nexercise ; 3. Summary reports in 7 Minute Workout Challenge by Fitness Guide Inc. 

1. Adrian James High 

Intensity Interval Training 

2. Sworkit 3. 7 Minute Workout 

Challenge  

   
 

 

Tracking of movement  

The second category was tracking of movement (N= 13). The primary function of the app 

in this category is to automatically track PA, primarily running but also walking or cycling. 

The distinctive features of these PA tracking apps are mapping of the 

running/walking/cycling route; visualisations of the data, such a as charts on pace, 

distance, duration, elevation, etc.; and access to a database of running routes (Figure 

9).   
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Figure 9: Examples of the features in the tracking of running apps 

 1. Mapping of the running route in Running Distance Tracker + by Fitness22 Ltd; 2. Data 

visualisations of the run in Map My Run by Under Armour 3. Database of running routes 

- WalkJogRun by Almost Awesome Inc. 

1. Running Distance 

Tracker + 

2. Map My Run 3. WalkJogRun 

   
 

 

Running programmes 

The third group of apps was running programmes (N= 12). The primary function of these 

apps was to reach a pre-specified running goal. The goal was achieved by incremental 

increase in run to walk ratio, for example 5 km running programmes set a goal for training 

30 minutes/3 times a week for 9 weeks. By the end of the 9th week the user is expected 

to run for 30 min without pausing. The distinctive features of the running programme 

apps were scheduling of time-specific goal-oriented running sessions; audio-guidance 

during running; and reports on sessions completed (Figure 10).  
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Figure 10: Examples of the features in the Running programmes 

1. Scheduling of set time-specific, goal-oriented running sessions in One You Couch to 

5K by PHE; 2. Audio-guided running sessions on when to walk/run in Get Running 

(Coach to 5K) by Benjohn Barnes; 3. Reports on sessions completed in Couch to 5k 

Runner by Fitness22 Ltd 

1. One You Couch to 5K 2. Get Running 3. Couch to 5k Runner 

   

 

 

Pedometers-based apps  

The fourth distinctive app category was pedometer-based apps (N= 6). The primary 

function of the app in this group was to provide the user with the feedback on their step 

count. The distinctive features of these app were setting step goals; provision of 

feedback in the form of summary reports and visualisations (daily/weekly etc.) of the 

steps recorded (Figure 11). 
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Figure 11: Examples of the features in the pedometer-based apps group 

1.Setting step goals in Movesum by Lifesum AB; provision of feedback and summary 

reports on steps recorded in Stepz by VisualHype GmbH. 

1. Movesum 2. Stepz 

  

 

Interval timers  

The fifth category was interval timers (N= 3). The primary function of these apps was to 

track the work and rest periods during workout sessions. The app does not provide PA 

instruction but enables the user to set their own interval workout routine. 
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Figure 12: Example interval timer app in Interval Timer by Deltaworks 

 

 

2.4.2.3 Data privacy and security  

The number of apps that had privacy policy is presented in Table 11. Within those apps 

that the privacy policy was available, the results of the data privacy and security 

assessment are summarised in Table12.   
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Table 11: Descriptive data for the availability of the privacy policy (N=65) 

 

  
Free Paid Total 

(N=32) (N=33) (N=65) 

Does the app have a privacy policy? No 8 (25%) 
11 

(33.3%) 

19 

(29.2%) 

  Yes 
24 

(75%) 

22 

(66.6%) 

46 

(70.8%) 

 

Table 12: Descriptive data for the data privacy and security assessment (N= 46)  

 

  
Free Paid Total 

(N=24) (N=22) (N=46) 

Is the privacy information available 

without the need to download the 

app? 

Yes 
24 

(100.0%) 

22 

(100.0%) 

46 

(100.0%) 

  

Is the privacy information available 

within the app?  
No 

13 

(44.8%) 

16 

(55.2%) 

29 

(63.4%) 

  Yes 
11 

(64.7%) 

6 

(35.3%) 

17 

(36.6%) 

  

Is there a short form notice (in plain 

English) highlighting key data 

practices? 

N/A 
3 

(12.5%) 

6 

(27.3%) 

9 

(19.6%) 

  No 
17 

(70.8%) 

16 

(72.7%) 

33 

(71.7%) 

  Yes 
4 

(16.7%) 
0 (0.0%) 4 (8.7%) 

  

Is the privacy policy available in any 

other languages? 
No 

20 

(83.3%) 

21 

(95.5%) 

41 

(89.1%) 

  Yes 
4 

(16.7%) 
1 (4.5%) 

5 

(10.9%) 

  

Does the app collect Personally 

Identifiable Information? 
N/S 1 (4.2%) 0 (0.0%) 1 (2.2%) 

  No 2 (8.3%) 
6 

(27.3%) 

8 

(17.4%) 

  Yes 
21 

(87.5%) 

16 

(72.7%) 

37 

(80.4%) 
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Does the app share users’ data with a 

3rd party?  
N/S 1 (4.3%) 1 (4.5%) 2 (4.4%) 

  No 2 (8.7%) 
8 

(36.4%) 

10 

(22.2%) 

  Yes 
20 

(87.0%) 

13 

(59.1%) 

34 

(73.9%) 

  

Does the app say how the users' data 

security is ensured? e.g. encryption, 

authentication, firewall, etc. 

No 
13 

(54.2%) 

14 

(63.6%) 

27 

(58.7%) 

  Yes 
11 

(45.8%) 

8 

(36.4%) 

19 

(41.3%) 

Notes: N/A, not applicable; N/S, not 

specified 
        

 

Availability  

The privacy policy was available for 46 (70.8%) out of 65 apps overall. In one case, the 

link to the privacy policy was provided but did not work, and the app was indicated as 

not having a privacy policy. For those apps that had a policy, 46 could be accessed 

without the need to download the app. In 17 instances, the privacy policy could be 

accessed within the app as well. 

 

Accessibility 

Only 4 (8.7%) apps had a short form privacy and security notice that highlighted key data 

practices which were disclosed in details in the full privacy policy. There were 9 instances 

where the short form notice was not applicable due to the policy already being concise. 

Within these there were only 2 instances of policy that was simple and written in plain 

English, the developers were Fitness22 and Adrian James Nutrition Ltd., e.g.: 

No personal details are passed on to third parties nor shared with 

companies / people outside of the company that operates this website. 

[Adrian James Nutrition Ltd] 
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Multi-lingual policies were rare with only 5 apps having a policy in another language. 

Apps that were developed outside the UK were more likely to provide multi-lingual 

policies.  

 

Data gathering and sharing  

Most of the apps (73.3%) reported collecting Personally Identifiable Information. In one 

instance the developer did not discuss the data gathering practices. There were rare 

instances where the policy clearly stated that no data is being collected by the app, for 

example: 

What information does Fitness22 collect? Nothing. None. Nada. 

[Fitness22] 

 

In 33 instances the developers stated that they share the data they gather with 3rd parties. 

There were two instances where the developer did not discuss data sharing practices. 

In many cases the policies stated that “data shall not be shared, except for” followed by 

a list of exceptions that were vague and general. In these instances, the reviewers 

considered that the data were shared by the 3rd party, for example:  

Lifesum will not share your personal data with third parties without your 

permission, except in the limited circumstances provided below. 

Personal data collected from you may be shared with our affiliates, 

agents and business partners. We may disclose your personal data in 

order to comply with a legal or regulatory obligation, if we reasonably 

believe that this is required by law, regulation or other legislation, or in 

order to protect and defend Lifesum, our business partners or users’ 

rights and interests. [Lifesum] 

 



 
 
   

88 
 

Data security 

Only 41.3% of the apps described how the users’ data would be protected. Most of the 

app developers stated that data safety is important to them but did not state how the data 

security is ensured, for example: 

We endeavour to use and keep under review appropriate technical and 

organizational measures (including staff training and awareness) in 

order to protect against unauthorised or unlawful processing of your 

personal data, including unauthorised destruction, alteration or 

disclosure or access. We shall only hold personal data for as long as 

is necessary or as required by law. [3d4medical] 

 

2.4.2.4 The presence of BCTs  

Inter-rater reliability  

As described in the methods, the first 10 apps that were used to identify any 

inconsistencies in understanding of the BCTs were excluded from the agreement 

assessment. Consequently, inter-rater reliability was assessed on 55 apps. There was 

‘almost perfect’ agreement: (PABAK) =0.94, 95% CI 0.93 to 0.95, kappa =0.78 

(‘substantial’), 95% CI 0.75 to 0.81. The distribution of the BCTs was fairly symmetric 

with no outliers (Figure 13).  
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Figure 13: the distribution for BCTs combined for free and paid apps.  

 

The total number of BCTs for free and paid apps sample was similar. The median number 

of BCTs was 7 for free and 8 for paid apps. Every app contained at least 1 BCT, and the 

maximum number of BCTs was 12 for free and 13 for paid apps. The Table 13 presents 

the descriptive statistics for BCTs. 

Table 13: descriptive statistics for the inclusion of the BCTs 

  
Free Paid Total 

P-value 
(N=32) (N=33) (N=65) 

Total BCTs Mean ± SD 6.6 ± 3.0 7.5 ± 2.9 7.0 ± 2.9 0.209 

  Median 7 8 8   

  25, 75%tile 5.0, 8.0 6.0, 10.0 5.0, 9.0   

  Min, Max 1, 12 1, 13 1, 13   
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Figure 14 shows the frequency of the common BCT groups and Figure 15 shows the 

most common individual BCTs. The ‘Feedback and monitoring’ group was the most 

common, with 92.3% of apps containing at least one BCT of this group, most commonly 

‘Feedback on behaviour’ and ‘Feedback on outcome(s) of behaviour’ BTCs. ‘Goals and 

planning’ (‘Goal setting’ and ‘Action Planning’ BCTs) were also well represented at 

84.6%. More than half of the apps included BCTs from the ‘Comparison of behaviour’ 

group (66.2%) of which the most common was ‘Demonstration of the behaviour’. ‘Social 

support’ (64.6%), ‘Shaping knowledge’ groups (60%), and ‘Associations’ (46.2%) were 

common but only one BCT from each of these groups were present. The ‘Reward and 

threat’ group (53.8%) was common with two BCTs only (‘Social reward’ and ‘Non-specific 

incentive’). Other BCT groups were rare: less than 15% of apps contained BCTs from 

the ‘Comparison of outcomes’ group; ‘Natural consequences’ and ‘Antecedents’ 

represented 10.8% and 6.2% of the total BCTs, respectively. The remaining BCT groups 

were non-existent in the PA apps.  
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Figure 14: Percentage of apps that included BCTs, presented by groups 
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Figure 15: Frequency of individual BCTs within the groups BCTs (BCTs that occurred in 

at least five apps are shown) 

 

2.4.2.5 App features 

The Table 14 below displays the descriptive statistics for the app features extracted 

 

Table 14: Descriptive statistics for the app features 

 

  

 

Free 

(N=32) 

Paid 

(N=32) 

Total 

(N=64) 

P value 

Number of 

Features 

Mean ± SD 6.13 ± 2.73 6.44 ± 2.66 6.28 ± 

2.68 

 0.645 

 Median 6.50 7.00 7.00  

 25, 75%tile 4.00, 8.00 5.00, 8.00 4.00, 

8.00 

 

 Min, Max 1.0, 12.0 1.0, 11.0 1.0, 12.0  
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2.4.2.6 App features and mapping of the features and the BCTs 

There were 10 major features identified, and each of these features were divided into 

subgroups. Subsequently, the sub-features were mapped onto the BCTs (see Table 15 

for the features and BCTs mapped).  

 

The first major feature in the PA apps sample reviewed was related to provision of 

information and guidance on PA that were presented in written form, using images, 

videos or audio instructions. The most common BCTs expressed by this feature were 

4.1.Instructions of how to perform the behaviour and 6.1.Demonstration of the behaviour. 

 

The second and the third major features were related to feedback and self-monitoring. 

The major feature Automatic tracking relates to various methods the app collects 

information automatically, for example, using pedometers, accelerometers and timers. 

The difference between Automatic tracking feature and Logs is that the logs require the 

user to input the data by themselves, for example users input their weight regularly in 

order to monitor it over time. The most common BCTs expressed by the Automatic 

tracking feature were 2.2. Feedback on behaviour. BCTs related to self-monitoring (2.3. 

Self-monitoring of behaviour and 2.4. Self-monitoring of outcome(s) of behaviour) were 

expressed by the Logs feature. 

 

The fourth major feature identified were Reports. These were based on either automatic 

tracking, for example written reports on completed PA sessions over the week/month 

etc., or graphs on number of steps. Example of Reports based on logs include 

summaries of user-inputted gym logs or visualisations of weight change over time. As 

the function of the reports is to give feedback to users on their performance of PA, the 

BCTs expressed by the Reports features were 2.2. Feedback on behaviour and 

2.7.Feedback on outcome(s) of behaviour. 
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The fifth major feature found was Gamification. The examples of gamification included 

providing medals, badges and points for completed PA sessions; unlocking new content 

of features that are dependent on reaching a certain PA goal; taking part in various 

competitions where users can compare their performance. The most common BCTs that 

were expressed by the Gamification feature were 10.6. Non-specific incentive or 

10.3.Non-specific reward. These were present when medals, badges, unlocking new 

content etc. was provided. The BCT 6.2.Social Comparison was observed in a feature 

where users had an option to enter PA competitions. The BCTs 1.1. Goal setting 

(behaviour), 1.3. Goal setting (outcome), and 1.4. Action planning were present for 

individual challenge feature.  

 

The sixth feature, Notifications were divided into sub-features that reminded the users 

about their PA session. The BCT 7.1. Prompts/cues was expressed by the PA reminders 

sub-feature. Other notifications were also found, such as alerts when a new post was 

published on the forum. No BCTs were assigned for other notifications as they did not 

directly relate to PA behaviour.  

 

The seventh major feature, In-app community, related to connecting with other users of 

the app. The sub-features included forums where users could share experience and 

advice on PA. This features also included facilitated search of real-life PA events, and 

access to a database of user-created PA sessions, for example running routes where 

other users could compete for time. 

 

The most frequent BCTs that were expressed by the In-app community feature were 

3.1.Social support (unspecified), 3.1.Social support (practical), 6.3.Information about 

others' approval, 6.2 Social Comparison. 
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The eighth major feature, sharing on social media, related to the ability to connect with 

other users through posting of information on completed PA sessions on various social 

media, most notably Facebook and Twitter. The most frequent BCT s expressed by this 

feature was provision of 3.1 Social Support (unspecified). 

 

The ninth major feature was Integration with other apps or devices. Some of the apps in 

the sample had an option to connect to other apps to gain health-related data or to 

access music library in order to facilitate a running session. Some apps had an option to 

connect to external sensors such as heart rate monitors No BCTs were mapped for this 

feature. 

 

The last major feature, was tailoring of PA. This feature related to the potential for 

personalising the settings of the app to the user preferences or needs. The tailoring 

related to the ability to choose the type, duration, pace, and timing of PA sessions. No 

BCTs were mapped for this feature. 

  

Table 15: Major feature group and subgroups mapped with BCTs  

 Major feature  Features subgroups  BCTs “expressed” 

by the features in 

the study  

1.  PA EDUCATION 

IN A VARIETY 

OF FORMATS 

 

Definition: 

information, 

instruction, 

guidance on PA 

presented as 

written material, 

image, audio or 

video 

instructions. 

Written material  4.1. Instruction on 

how to perform the 

behaviour  

5.1. Information about 

health consequences  

12.1. Restructuring 

the physical 

environment; 12.2. 

Restructuring the 

social environment  

Images   6.1. Demonstration of 

the behaviour 
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 Major feature  Features subgroups  BCTs “expressed” 

by the features in 

the study  

 Videos instructions  

(including animation)  

 

6.1. Demonstration of 

the behaviour 

 

Audio instruction  

 

 

4.1. Instruction on 

how to perform the 

behaviour;  

12.1. Restructuring 

the physical 

environment; 12.2. 

Restructuring the 

social environment  

2.  AUTOMATIC 

TRACKING 

(passive data 

collection) 

 

Definition: any 

data 

automatically 

recorded by the 

app.  

Pedometer  

(step count)  

2.2. Feedback on 

behaviour; 1.1. Goal 

setting (behaviour) 

 

Accelerometer or GPS  

(distance, duration, average 

speed, distance alert, e.g., 

when 1km was reached, 

mapping the route) 

2.2. Feedback on 

behaviour 

Timer (measuring the time 

spent active or exercise set 

completion 

2.2. Feedback on 

behaviour; 1.1 Goal 

setting (behaviour) 

PA session completion 

tracker  

(based on timer or user 

feedback, e.g., tapping 

when certain set of exercise 

finished)  

2.2 Feedback on 

behaviour; 1.1 Goal 

setting (behaviour) 

 

Estimation of calories burnt; 

BMI  

2.7. Feedback on 

outcome(s) of 

behaviour 

3.  LOGS  

(active user-

inputted self-

monitoring) 

 

PA performed logged by the 

user  

2.3. Self-monitoring of 

behaviour; 1.1 Goal 

setting (behaviour)  

 

Calories; weight; photos of 

oneself taken over time 

2.4. Self-monitoring of 

outcome(s) of 

behaviour 
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 Major feature  Features subgroups  BCTs “expressed” 

by the features in 

the study  

Definition: any 

data inputted by 

the user.  

4.  REPORTS  

 

  

Report based on automatic 

tracking  

(written reports, e.g., 

summaries of PA session 

completed in a 

day/week/month, etc.; 

visualisations, e.g., graphs 

of number of step count or 

distance run over 

week/month, etc.) 

 

2.2. Feedback on 

behaviour; 2.7 

Feedback on 

outcome(s) of 

behaviour 

Reports based on logs, i.e., 

user-inputted data  

(written reports, e.g. 

summaries of user-inputted 

gym logs; visualisations, 

e.g., graphs of weight 

change) 

2.2. Feedback on 

behaviour; 2.7 

Feedback on 

outcome(s) of 

behaviour. 

5.  GAMIFICATION* 

 

 

Achievements, medals, 

badges, points, scores, 

stars 

10.6. Non-specific 

incentive; 10.3.  

Non-specific reward 

Unlocking new content or 

features dependant on 

reaching a certain PA goal 

e.g., unlocking new 

exercise; unlocking different 

skins, i.e., graphical 

appearance 

10.6. Non-specific 

incentive; 10.3.Non-

specific reward;  

1.1. Goal setting 

(behaviour); 1.3. Goal 

setting (outcome); 

1.4. Action planning 

Unlocking new exercise 

dependant on reaching a 

PA goal when the exercise 

would have to be paid for 

otherwise 

10.1. Material 

incentive (behaviour); 

10.2. Material reward 

(behaviour) 

 

Competitions 

e.g., Levels of achievement 

or rank; Leaderboards;  

6.2. Social 

comparison 
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 Major feature  Features subgroups  BCTs “expressed” 

by the features in 

the study  

Challenges (individual)  1.1. Goal setting 

(behaviour); 1.3. Goal 

setting (outcome); 

1.4. Action planning 

“Story running” (audio story 

where a runner is the main 

character) 

- 

6.  NOTIFICATIONS PA session reminders  

  

7.1. Prompts/cues 

Other notifications  - 

7.  IN-APP 

COMMUNITY 

Forum (also called feed or 

club) used for sharing 

experiences and advice on 

PA; cheering others while 

they doing the PA sessions.  

3.1. Social support 

(unspecified); 

6.3. Information about 

others’ approval 

PA real world event finder 

that facilitates easy sign up 

3.1. Social support 

(practical) 

User-created PA sessions 

(e.g., running routes where 

other users can compete for 

time) 

6.2. Social 

Comparison  

8.  SHARING ON 

SOCIAL MEDIA 

Posting information on 

completed PA session on 

social media  

3.1. Social support 

(unspecified) 

9.  INTEGRATION 

WITH OTHER 

APPS OR 

DEVICES   

Apple Health  -  

Music library -  

Playlist on Spotify -  

Sensors (e.g., heart rate 

monitor) 

- 

10. TAILORING of 

PA 

Setting type, duration, pace, 

or timing of PA sessions 

 

 

Note: *Gamification was defined as “the use of game design elements in non-game 

contexts”[186]. The six core components of gamification were taken from the review of 

gamification elements used in health apps [160]. These were:  
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(1) leaderboards,  

(2) levels of achievement or rank,  

(3) digital rewards (e.g., points, medals, badges),  

(4) real world prizes,  

(5) competitions/challenges, 

(6) social or peer pressure.  

 

2.4.2.7 Quality of app development and evaluation process  

Only 1 app had a non-commercial affiliation, One You Couch to 5K, which was developed 

by PHE (see Table 16). None of the apps reported user involvement during development. 

Twelve out of 65 apps (4 free and 8 paid) consulted with experts to design the content 

of the app. Nine out of 23 free apps (28.1%) had a study associated with the apps 

published in a peer-reviewed journals. In comparison, for only 3 paid apps (9.1%) there 

was a peer-reviewed study found.  

 

Table 16: Descriptive data for the quality of app development and evaluation process: 

organisational affiliation, expert and user involvement, and evidence of evaluation in 

peer-reviewed journals 

  
Free Paid Total p-

value (N=32) (N=33) (N=65) 

  

Affiliation Commercial 
31 

(96.9%) 

33 

(100.0%) 

64 

(98.5%) 
0.492 

  
Government 

institution 
1 (3.1%) 0 (0.0%) 1 (1.5%)   

  

Any Expert No 
28 

(87.5%) 

25 

(75.8%) 

53 

(81.5%) 
0.339 

  Yes 
4 

(12.5%) 

8 

(24.2%) 

12 

(18.5%) 
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Any User 

Involvement 
No 

32 

(100.0%) 

33 

(100.0%) 

65 

(100.0%) 
  

  

Any Peer Journal No 
23 

(71.9%) 

30 

(90.9%) 

53 

(81.5%) 
0.061 

  Yes  
9 

(28.1%) 
3 (9.1%) 

12 

(18.5%) 
  

 

2.4.2.8 User experience  

2.4.2.8.1 User ratings 

The highest-rated apps  

The highest-rated free apps on iTunes was Sworkit developed by Nexercise (star 

average of 4.74), while the highest-rated paid app in the same store was Couch to 5k 

Runner developed by Fitness22 Ltd. (star average of 4.86). In GP the highest-rated free 

app was Interval Timer developed by dreamspark (star average of 4.73), and the highest-

rated paid app was Fitness Trainer FULL version by Your personal coach (star average 

of 4.70). For one app, Yoga Break by Fitness Guide Inc., the data on user ratings were 

not available due to unreported number of ratings. 

 

The median user rating in iTunes was 4.4 and 4.5 in GP and did not differ between free 

and paid apps in either stores.  

 

Descriptive data for user ratings are presented in Table 17 for iTunes and 18 for GP. The 

median user rating was 4.4 stars and did not differ between free and paid apps in iTunes.   
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Table 17: descriptive statistics for user ratings in iTunes 

  

Free - 

iTunes 

Paid - 

iTunes 

Total - 

iTunes 
P-

value 
(N=21) (N=24) (N=45) 

Avg. user rating (1-5 

stars) 

Mean ± 

SD 
4.1 ± 0.8 4.3 ± 0.6 4.2 ± 0.7 0.251 

  Median 4.4 4.6 4.4   

  
25, 

75%tile 
4.0, 4.6 4.0, 4.8 4.0, 4.6   

  
Min, 

Max 
2, 5 3, 5 2, 5   

 

 

The user rating in GP was similar to those in iTunes with 4.5 median star average and 

did not differ between free and paid apps.  
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Table 18: descriptive statistics for user ratings in GP 

  
Free - GP Paid - GP Total - GP P-

value (N=21) (N=16) (N=37) 

Avg. user rating (1-5 

stars) 

Mean ± 

SD 
4.4 ± 0.5 4.4 ± 0.3 4.4 ± 0.4 0.784 

  Median 4.5 4.5 4.5   

  
25, 

75%tile 
4.4, 4.6 4.4, 4.6 4.4, 4.6   

  
Min, 

Max 
2, 5 4, 5 2, 5   

 

In both stores, the 25th percentile was around 4 stars (4.0 in iTunes and 4.4 in GP) 

suggesting that the user ratings were quite high and only 25% of ratings were below 4 

stars. The histograms of star ratings in both store (Figure 16) showed the skewness of 

the star average distribution. 

 

Figure 16: Distribution of user ratings in iTunes and GP 
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2.4.2.8.2 SUS 

The results of the SUS assessment are summarised in Table19.  

 

Table 19: Descriptive data for the SUS assessment 

  
Free  Paid  Total  p-

value (N=32) (N=33) (N=65) 

SUS Total - PB 
Mean ± 

SD 
75.5 ± 17.8 80.5 ± 15.4 78.1 ± 16.7 0.232 

  Median 77.5 82.5 80   

  
25, 

75%tile 
62.5, 90.0 75.0, 87.5 72.5, 90.0   

  
Min, 

Max 
30, 100 25, 100 25, 100   

  

SUS Total - GA 
Mean ± 

SD 
87.0 ± 14.2 90.4 ± 17.1 88.7 ± 15.7 0.383 

  Median 92.5 97.5 97.5   

  
25, 

75%tile 
77.5, 97.5 90.0, 100.0 82.5, 100.0   

  
Min, 

Max 
45, 100 28, 100 28, 100   

  

SUS Total Score 

Difference 

Mean ± 

SD 
-11.4 ± 19.8 -9.8 ± 22.2 -10.6 ± 20.9 0.767 

  Median -6.3 -10 -10   

  
25, 

75%tile 
-22.5, 2.5 -20.0, -2.5 -20.0, 0.0   

  
Min, 

Max 
-60, 18 -73, 60 -73, 60   

  

SUS Average Score 
Mean ± 

SD 
81.3 ± 12.6 85.5 ± 11.9 83.4 ± 12.4 0.172 

  Median 85 87.5 86.3   

  
25, 

75%tile 
71.9, 91.3 80.0, 93.8 75.0, 92.5   

  
Min, 

Max 
53, 100 58, 100 53, 100   

 

Note: SUS, System Usability Scale  
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Total score difference between the reviewers  

The totals SUS score for the first reviewer (PB) had a median of 80.0. Fifty percent of 

the SUS assessment for the sample had a score between 72.5 and 90. For the second 

reviewer (GA), the median score was 97.5 and typical scores fell between 82.5 and 100.  

The median SUS score difference between the reviewers was 10.0. In 50% of the cases, 

PB’s SUS ratings were between 20.0 to 0 scores lower than those of GA. 25th percentile 

difference was 20 and the for 75th percentile there was no difference in ratings. The 

difference in SUS score between the two reviewers suggests that the first reviewer (PB) 

gave consistently lower scores than the second reviewer (GA), across all apps. The 

means were statistically significantly different with mean difference of -13, 95% CI 18.9 

to -7.1, p<0.0001. 

 

SUS score of the sample  

The average SUS score for the apps was similar for both free and paid apps, with median 

of 86.3. Using descriptors (explained in Figure 5) [165], the score can be described as 

excellent. 50% of the total average SUS score fell between 75.0 and 92.5 and 25% had 

a score higher than 92.5, suggesting that more than 75% of the app sample assessed 

could be described as having good to excellent usability. Figure 17 presents the total 

SUS score averaged for the app sample.  
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Figure 17: Total SUS score 

 

2.5 Discussion  

2.5.1 Principal findings  

This study described the most popular PA apps on the market, focusing on the quality 

determinants of safety (data privacy and security), effectiveness (BCTs and development 

and evaluation quality), and provision of the most positive experience possible (user 

ratings and usability). Overall, the findings suggest that most of the apps in this sample 

were of reasonable quality in terms of the user experience but there were substantial 

shortcomings in the areas of safety and effectiveness. The assessment of data privacy 

and security showed that the privacy policy was not available for 29.2% of the apps. Most 

apps collected PII, shared users’ data with 3rd party, and more than half of the apps did 
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not specify how they ensure data security. Every app contained at least 1 BCT, with an 

average of 7. The maximum number of BCTs was 13 and the most common BCTs 

related to provision of feedback on behaviour. All but 1 app had commercial affiliation, 

12 consulted an expert and none reported involving users in the app development. Only 

12 of 65 apps had a peer-reviewed study connected to the app but only 1 app was 

assessed for efficacy in a trial [187]. User ratings were high with only a quarter of the 

ratings falling below 4 stars. Similarly, the usability scores were “good” to “excellent”. 

There was no statistically significant difference between free and paid apps on the 

characteristics or quality indicators.  

2.5.2 Safety of apps  

The assessment of privacy policies showed that privacy and security of users’ data could 

be substantially improved. These results are consistent with previous studies assessing 

data safety. Huckvale, Prieto [60] who assessed the apps from the NHS Apps Library, 

found that 20% of who assessed the apps from the NHS Apps Library, found that 20% 

of apps did not have a privacy policy, and most of the apps breached users’ data privacy 

and security.  

 

Powell, Torous [153], who assessed inter-rater reliability of various app assessment 

measures, found only moderate agreement on the measure of data privacy and security. 

This result might be somewhat surprising considering that the assessment is factual 

rather than subjective in nature and should therefore reduce the likelihood of different 

interpretations. However, the findings of this study support these results as most of the 

policies used vague legal jargon that could be difficult to comprehend for a potential user.  

 

Collecting and analysing consumer data by app developers can have advantages for the 

users, such as personalization and improvement of the products [35]. However, the 

information about these practices ought to be transparent and understandable [36] to 
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enable the potential user to make an informed decision to download the app. Regulatory 

oversight concerning data protection is challenging because of the large scale of the app 

market. In consequence, ensuring the privacy and security of data is left in the hands of 

app developers [126]. It will be of interest to investigate the effect of the General Data 

Protection Regulation on availability and accessibility of the privacy policy, and on the 

data safety and data sharing practices of app developers. 

2.5.3 Likelihood of effectiveness 

The apps in the review contained, on average, 7 BCTs. The results of this study are 

similar to those found in previous reviews of PA apps: Middelweerd, Mollee [145] found, 

on average, 5 BCTs were used in each app; Conroy, Yang [167] reported between 1-13 

BCTs with a mean of 4.2; study using the same BCT Taxonomy as the one in this study 

found , on average, 6.6 BCTs [139]. 

 

The most common BCTs present in apps in this study were goal setting and action 

planning, feedback and monitoring and these findings are in-line with previous reviews 

and content analyses of apps [137, 145, 167, 176]. These BCTs can be defined as self-

regulation strategies. Indeed, increasing self-regulatory capacity using tools such as 

mobile devices is convenient as the available features enable setting goals, self-

monitoring, and provision of feedback. In the sample assessed, information on the 

activity performed could be logged manually but, most often, the app would automatically 

record the PA using GPS (running, walking, cycling) or timers (completion of a workout). 

These data were used to produce feedback, either on behaviour or on outcomes of 

behaviour, in a form of engaging visualisations.  

 

Self-regulation strategies have been shown to be effective in increasing PA behaviour 

[140, 141, 188] and may show larger effect if presented together. For example, Michie, 

Abraham [140] showed that self-monitoring with at least 1 other self-regulatory BCT (e.g., 
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goal setting, action planning, and feedback) was more effective at increasing PA that 

using only 1 on these BCTs in isolation. However, self-regulation is a limited resource 

which requires deliberate effortful decision-making process [189]. A review of theories 

concerned with maintenance of behaviour identified five theoretical themes relevant to 

behaviour change maintenance. Although, self-regulation techniques are crucial for the 

maintenance of behaviour change, four other factors play an important role in successful 

behaviour change: 1) motives for maintenance, such as self-determination. Initial 

behaviour change is often motivated by extrinsic motivation, maintenance of behaviour 

requires intrinsic motivation (i.e., the behaviour is congruent with one’s values and 

identity); 2) Habit formation which enables to develop automaticity for the new behaviour 

so that relapse can be prevented during periods of low resources when self-regulation is 

prone to failure; 3) Resources, both physical can psychological, to enable sustained 

effort; 4) Environment and social influences which provides incentives and disincentives 

to behaviour change. Hence, app features beyond self-regulation techniques should be 

considered in PA behaviour change interventions delivered using apps. 

 

Beyond the self-regulation techniques, the evidence of what BCTs are most likely to 

increase the likelihood of behaviour change is unknown. A recent meta-analysis of online 

interventions suggests that certain BCTs are more efficacious when present together 

[190]. These results were based on studies not specific to PA apps and it is likely that 

different BCTs maybe be more suitable for different modes of delivery (face to face, web-

based, app), e.g. social support might be produce better results when delivered face to 

face rather than via an app. On the contrary, automatic monitoring and feedback on PA 

in apps can facilitate self-regulation and may be considered as a more efficient method 

than self-recording using diaries.  
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The findings show that BCTs from 9 out of 16 BCT groups were rare or non-existent in 

the apps assessed. Twenty-five of 93 possible BCT were used which constitutes 27% of 

the current BCT Taxonomy. The evidence of what BCTs are most likely to increase the 

likelihood of behaviour change is unknown. It is possible that certain BCTs are more 

efficacious when present together producing a synergistic effect [190].  

 

Similarly, the effect of the number of BCTs on efficacy of the interventions remains 

inconclusive. There is some evidence that higher number of BCTs produces larger effect 

sizes in web-based interventions [191], others studies show no effect [140]. 

 

The use of a variety of BCTs groups as well as the techniques within the BCT group 

would theoretically increase effectiveness by addressing various barriers to PA. For 

example, within the ‘Goals and planning’ BCT group, only 3 out of 9 BCTs were utilized. 

Implementing features that utilize other BCTs that enable goal-setting and planning (e.g., 

problem-solving technique, asking user to commit to their goal and providing opportunity 

for the user to review their goal) might increase the likelihood of effectiveness of the app.  

 

The use of evidence and theoretical frameworks is vital in developing behaviour change 

interventions [134]. COM-B model (Chapter 3) of behaviour change [114] enables to 

systematically identify the barriers and facilitators of the behaviour targeted, and to select 

intervention components that will address these barriers in order to increase the 

likelihood of behaviour change. 

 

The findings suggest that the quality of the app development and evaluation process 

could be improved. There was no evidence of user involvement and most apps were 

commercially developed with rare involvement of health or behaviour change experts. 

Similar results were found in previous reviews [137, 169, 192] and there is evidence to 
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suggest that expert involvement predict the number of app download [193]. Indeed, the 

user-centred design framework stresses the importance of understanding the contextual 

experiences of potential users, as well as inclusion of multidisciplinary skills and 

perspectives when developing products and services. Our results also support previous 

research showing the lack of evidence for scientific evaluation of the apps on the market 

[194, 195]. We found only 12 studies in peer-reviewed journals that were associated with 

the apps. However, only 1 app was used in a pragmatic RCT [187] and the study was 

not conducted by the app developer. 

2.5.4 Positive experience  

The usability of the apps reviewed was high. Likewise, user ratings of the PA apps were 

high with only a quarter of the ratings receiving less than 4 stars. Similarly, Mendiola, 

Kalnicki [147] found that usability was related to user ratings in a general sample of health 

apps. The competition for customers in the app stores is high with 90% of apps in the 

app stores not attracting enough attention to feature in the ranking of the app stores and 

are consequently not visible for the user, called “App Zombies” [196]. High quality graphic 

design, visual appeal and ease of use are more likely to attract potential customers to 

download and engage with the app. However, it is unknown whether these variables 

relate to effectiveness of the apps. There is evidence to suggest that web-based 

interventions with higher usability tend to be more effective [190]. However, continued 

engagement with an app may suggest engagement with the intervention or unhealthy 

dependence [197].  

2.5.5 Strengths 

The strengths of this study include a systematic approach to sample identification and 

assessment. First, the sample of apps was identified by screening 400 apps in two major 

app distribution platforms including both free and paid apps. Second, the sample was 

identified and assessed by two independent reviewers. Third, the assessment tools 
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covered various aspects of quality: inclusion of the BCTs, as well as user experience 

using subjective (user ratings) and objective (usability) measures. Last, this was the first 

attempt to describe PA app features and map these with BCTs. 

2.5.6 Limitations 

First, it is unknown what variables are included in the ranking algorithm of the top apps 

from which the sample was selected. It is likely that usage data and user ratings comprise 

the ranking [198] but other unknown variables may also be included. Second, the 

possibility that user ratings were influenced by fake reviews cannot be excluded. [148, 

149]. However, there is a reliance on genuine users of the app to mark it down if the app 

does not live to their expectations and this review included popular apps with high 

number of ratings (2.8 million). Third, data privacy and security assessment was limited 

to the analysis of the policy. There is evidence of inconsistency between the policy 

statement and the actual practices of app developers [60]. Fourth, the intensity of 

implementation of each BCT was not assessed in the present study. Fifth, the quality of 

app development process was based on the information provided in the app stores, the 

app website and in the app itself), hence it is possible that some data were missed if they 

were not available online. Sixth, as this is the first attempt to map the features with BCTs, 

the list is not an exhaustive but limited to the sample assessed. There were BCTs that 

were not matched with the features, and vice-versa. Last, as none of the app developers 

claimed to have theoretical basis underpinning the development of the app features, the 

extracted BCTs were based on the experienced content of each app as assessed by two 

reviewers. 

2.5.7 Implications  

More research is needed to understand the use of PA apps in order to design effective 

digital tools. There is little knowledge concerning how users adopt these apps into daily 

routines, what are the facilitators and barriers to increasing PA using apps. Secondly, 
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the optimal number of BCTs in PA apps in unknown, neither is the combination of BCTs 

that is likely to be effective in increasing PA facilitated by app.  

 

Although popularity of the apps is high, healthcare professionals and potential users 

need to be aware of the limitation in the safety of personal data as well as the limitation 

in the quality of the apps to change behaviour. Currently, it is not possible to recommend 

apps that are most effective but attempts to create database of high quality apps are in 

progress.  

 

Based on the results of the data privacy and security assessment, recommendations for 

best practice include: 1) app providers should include a clear statement, written in plain 

English, which summarises the main points of the privacy policy, 2) this statement should 

direct users who wish to know more to the detailed policy. In future, assessments of data 

privacy and security could use the tool used in this study.  

 

A multidisciplinary collaboration between app developers and behaviour change experts 

could increase the potential of PA apps to change behaviour. Behaviour change experts 

can provide input into the content of apps that will increase the likelihood of behaviour 

change, while app developers can provide creative input into how to make these apps 

more engaging, and hence used. This, in turn, may increase the potential of mobile tools 

to improve population health. In order to facilitate communication between collaborators 

from different fields of expertise, the list of features designed in this study can provide a 

tool to help design the content of the digital interventions as it mapped the common 

features with the theoretically derived behaviour change techniques. 

2.5.8 Conclusions  

This study examined the quality of the most popular PA apps currently available on the 

market. Although usability and user ratings of apps were high, there was a concerning 
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lack of safety controls for users’ personal data for the majority of the apps, the apps 

included limited number of BCTs that mostly related to feedback on behaviour, and the 

quality of the content and development processes were suboptimal. The technological 

development and the potential for profit far outpaced the research on the ability of these 

apps to support PA behaviour change. With 165,000 on the market, this represents a 

loss of opportunity for health promotion on a large scale.  

 

2.5.9 Citation for the published peer-reviewed article for this study 

Bondaronek, P., Alkhaldi, G., Slee, A., Hamilton, F. L., & Murray, E. (2018). Quality of 

publicly available physical activity apps: review and content analysis. JMIR mHealth 

and uHealth, 6(3), e53. https://doi.org/10.2196/mhealth.9069 

 

See Appendix R for the published peer-reviewed journal article for Study 1.   

https://doi.org/10.2196/mhealth.9069
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CHAPTER 3. The relationship between popularity and app 

quality: regression models  

 

3.1 Chapter overview  

Background: PA apps are the largest category of health apps available in the major app 

stores, suggesting substantial public interest in increasing PA. However, research into 

their effectiveness is scarce, and studies assessing the association between the 

popularity of these apps and their quality are limited. The user-led feedback in the form 

of star ratings assigned to the apps can potentially provide some insights into the user 

experience of these apps.  

 

Aim and objectives: The aim of this study was to explore which factors predict higher 

user rating in the app stores. The primary objective of interest was to assess the 

association between the number of BCTs and user ratings. The secondary objective was 

to assess the quality indicators and app characteristics associated with BCTs and user 

ratings. 

 

Methods: 400 top-ranked free and paid apps from iTunes and GP stores were screened, 

and were included if: (i) the primary behaviour targeted was PA; (ii) they had stand-alone 

functionality; and (iii) they targeted adults (see Chapter 2 for the details of the sample). 

The outcome variable of user rating was dichotomised into high (4, 5 stars) or low (1, 2, 

3 stars) ratings. Logistic regression models were performed to determine the association 

between the presence of BCTs and user ratings. Variables determined a priori as 

potentially affecting the relationship between BCTs and user ratings were app store 

(iTunes or GP), number of features, whether the app was free or required payment, app 

size and usability. 
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Results: There was no relationship overall between star ratings and the BCTs. Sub-

group analysis looking at the relationship between star ratings and number of BCTs by 

store found that in iTunes there was an association with each additional BCT 

corresponding to 15% increase in the chance of a higher star rating (OR: 1.15, 95% CI: 

1.06, 1.25, p= 0.001). App store was strongly associated with star ratings, with iTunes 

users less likely to give 4 or 5 stars compared to GP users (OR: 0.74 95% CI: 0.73-0.76, 

p< 0.001). Predictors of the number of BCTs that were found significant were app size, 

the number of app features, the presence of peer-reviewed studies associated with the 

app, and the ranking in the apps stores. Expert involvement predicted higher user ratings 

in iTunes, but not in GP. There was no other associations between the app quality 

indicators or characteristics and user ratings.  

 

Conclusions: This is the first study to utilise data extracted from the content of the apps 

and app stores to predict higher user ratings in highly-ranked PA apps. The sample 

investigated in this study were highly rated, highly-ranked apps from the major app 

stores, hence most visible for the potential user. However, this research suggests that 

popularity does necessarily imply high quality and likelihood of effectiveness. Hence, 

public health impact is unlikely to be achieved by allowing market forces to “prescribe” 

what is used by the public.
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3.2 Background  

As discussed in Chapter 1, engagement with apps is low, with up to 90% of downloaded 

apps only used once [147] and long-term use, likely to be needed for effective behaviour 

change, is relatively rare: 68% of users open less than 5 apps at least once a week [79]. 

Although prolonged engagement with digital interventions may indicate dependence 

[197], there is a consensus that engagement is needed for intervention effectiveness 

[200].Hence, it is important to shed light on what app content and characteristics might 

be popular and valued by the users.  

 

App stores provide user-led app feedback systems that can potentially provide a rich 

source of information about the use of the apps [146]. The user rating measure in the 

form of star ratings is an imperfect assessment of actual user experience, however, in 

the absence of the evidence of what users value in health apps, the star ratings may 

provide some insight into user experience of health apps, while being convenient to 

obtain.  

 

Hence, whilst Study 1 investigated the quality of the sample of PA apps from the 

perspective of a researcher, this study focused on the voice of the users as expressed 

by the app user ratings to understand what users value in popular apps. Specifically, this 

study will utilise the data extracted in Study 1 to shed light on the app content and 

characteristics that might be valued by users. First, I describe, evaluate, and classify the 

studies that investigated the relationships between the variables derived from the app 

stores focusing on user experience and the quality of app content. I then move on to 

discuss the methodology used to assess the association between quality indicators and 

other app characteristics in the sample of the apps described in Study 1.  
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3.2.1 Research exploring the factors that influence user experience based 

on the data derived from the app stores 

Studies that explored the association between the user experience and data derived 

from the app stores focused on user ratings, ranking in the apps store, and number of 

downloads as proxies for user experience measures. 

 

Harman, Jia [146] and Pustozerov, von Jan [201] used data mining, a method for 

identifying patterns in large data sets. Harman, Jia [146], as one of the first to explore 

the potential of using data available in the app store, extracted information from 32,108 

apps and assessed the association between app features, number of downloads, price 

and user rating. They found a correlation between user ratings and the number of 

downloads. They used data derived from the BlackBerry app store in 2011 which is now 

obsolete, having only 0.05% of the overall phone market share [202]. In addition, the 

features of apps assessed were broad and focused on all apps, rather than health apps 

specifically.  

 

More recently, Pustozerov, von Jan [201] assessed 46,430 apps from the medical and 

health and fitness category of the GP store. They found the frequency of assigning a 4 

star rating was positively associated with the number of downloads. There was also a 

correlation between the last update and user ratings, with ratings steadily decreasing 

with longer time since the last update. They also found that the most downloaded apps 

were less likely to receive five stars than the ones with low download rates. This might 

suggest that apps that are highly downloaded are rated by users rather than companies 

that specialise in fake user ratings, a concern that has been proposed as a limitation of 

drawing conclusions based on user ratings. However, the authors also found correlations 

that they described as “unexpected”, such as the association between user ratings and 

the app vocabulary and descriptions in the app store. Specific vocabulary and 
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descriptions found to be correlated with the ratings were not provided and the authors 

did not respond to a request for further information. However, it is possible that when 

such a high number of apps are assessed associations between different characteristics 

and user rating could occur by chance. This example illustrates the importance of using 

an analysis plan based on theory to assess the relationships between the variables 

available in the app stores.  

 

Mendiola, Kalnicki [147] aimed to determine which app features and characteristics 

predicted higher user rating in the app stores. Their app sample included 234 apps 

derived from the health apps category, which includes various well-being and disease 

management apps. They found that no single variable significantly impacted on star 

rating. In their multiple regression analyses the best model showed that 9.3% of ratings 

could be explained by 5 features and app characteristics. Mendiola, Kalnicki [147] 

showed that providing features that enable plan of action, tracking and the ability to send 

data to healthcare providers had a positive impact on user rating. Apps that were more 

usable and required payment were rated higher than those that were less usable and 

free. Arnhold, Quade [203] assessed 656 apps targeting the management of diabetes. 

Similar to Mendiola, Kalnicki [147] they assessed a subset of 66 apps for their usability 

and found that the number of different app functions (from the list of 7) was negatively 

correlated with usability, suggesting that more complex apps might be less intuitive and 

more difficult to use.  

 

Both studies focused on a limited number of features. Arnhold, Quade [203] extracted 7 

broad app functions. For example, the “information function” would most likely include 

any type of information provision. However, the medium of information delivery: written 

text, videos, pictures, will also influence the user experience of the app [152]. Mendiola, 

Kalnicki [147] included 12 features that were “aligned with” self-determination theory 
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[204], however, the process of theory application to identify those features was not 

reported. It is crucial for digital health interventions to be grounded in behaviour change 

theory if they are to be effective [134, 205]. 

3.2.2 Research exploring the relationship between the quality of app 

content based on the data derived from app stores 

Studies that explored the association between the app content and other variables 

derived from app stores focused on app features, various quality indicators such as 

scientific coverage, expert involvement, adherence to the theory of behaviour and 

behaviour change, and Mobile App Rating scale which is a researcher-led questionnaire 

assessing the quality of health apps [177]. 

 

Research assessing the relationship between the popularity of apps and their quality has 

found mixed results. Azar, Lesser [172] found that apps for weight management that 

were of higher quality, defined as inclusion of the constructs from four behaviour change 

theories, were not among the highest ranked apps in app stores. Similarly, apps that had 

higher download rates or higher rankings were associated with less adherence to 

guidelines in smoking cessation apps [206]. On the other hand, Pereira-Azevedo, Osório 

[193] reviewed 129 urology apps in the GP app store and found that higher download 

rates were associated with expert involvement in the development of the apps. These 

studies exploring the relationship between popularity and quality in apps need to be 

interpreted with caution. They targeted different health conditions and behaviours, and 

used different definitions of quality, such as consistency with behaviour change theory, 

expert involvement, and adherence to guidelines.  

 

The Behaviour Change Technique (BCT) Taxonomy [116] is a systematic method used 

to specify the content of behaviour change interventions [113] and it has also been used 

to quantify the behaviour change content of interventions, including apps, [136, 137, 
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139]. The Taxonomy provides an efficient method of app content classification and 

enables comparison and aggregation of finding by providing a common language across 

behaviour change research literature, and was used to describe the change techniques 

in this study. A number of studies have used Behaviour Change Techniques (BCTs) and 

focused on assessing the association between the BCTs and data derived from the app 

stores.  

 

Chen, Cade [137] reviewed 28 apps for weight loss and conducted regression analyses 

to determine the relationship between the popularity of the apps (operationalised as the 

ranking in the app stores) and the quality assessment criteria which included the 

presence of BCTs (using the CALOR-E taxonomy[168]), accountability, (such as 

developer's credentials and affiliation, provision of information sources and references, 

sponsorship disclosure), scientific coverage and content accuracy, as well as usability 

assessed using the System Usability Scale [162]. They found that app ranking was 

associated with total quality score, with scientific coverage and accuracy and with 

incorporation of BCTs. They also found positive correlation between the number of 

features in the apps and the ranking. 

 

Bardus, van Beurden [136] reviewed 23 apps aimed at weight management. They used 

the MARS scale, which is a reviewer-led assessment of the quality of apps. The analysis 

showed a positive association between the number of BCTs and the Engagement, 

Functionality, and Aesthetics subset, as well as the overall MARS score. They also 

extracted 9 app features which showed a positive correlations with the number of BCTs.  

 

Similarly, Crane [138] showed that only 1 BCT, “prompt review of goals”, was 

associated with user ratings in alcohol reduction apps. The authors concluded that 

there is little association between the mention of theory, BCT inclusion and the 
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popularity of the alcohol reduction apps. These findings suggest that further work is 

needed to explore whether popular apps, such as those aiming at increasing PA, are of 

high quality and likely efficacy. This has relevance for public health as the popularity 

and likely efficacy link creates vast potential for increasing PA on a population scale, 

hence preventing morbidity and premature mortality.  

 

In sum, previous studies that investigated the indicators of user experience of apps as 

assessed using the “crowd-sourced” measures of user ratings and data derived from the 

app stores used various definitions of app quality, assessed a wide range of app 

characteristics, and targeted apps tackling different behaviours and health conditions. It 

is likely that users value different characteristics of apps depending on the health 

behaviour or health condition targeted and none of the studies focused on PA apps. 

Hence, this study used the quality indicators identified in Study 1 to assess the predictors 

of positive user experience, as assessed by user ratings in the highly ranked PA app 

sample. A visual representation of the significant associations found in studies that 

assessed user ratings and the inclusion of BCTs is presented in Figures 18 and 19. 
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Figure 18: The visual classification of the significant associations found in studies that 

assessed user ratings 

Note: the associations indicated were positive between user ratings and number of 

downloads, size, app features, usability, BCT: prompt review of goal; negative between 

user ratings and time of last update. The mixed results are indicated on the diagram.  

 

Figure 19: The visual classification of the significant associations found in studies that 

assessed the inclusion of BCTs 

 

Note: the associations indicated were positive between the number of BCTs and the 

number of user ratings, number of features, app quality rating, and ranking. The mixed 

results are indicated on the diagram.  
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3.2.3 Aims and objectives 

The overall aim of this study was to explore what predicts higher user rating in the app 

stores. The specific objectives are listed below.  

Objective 1:  

 To assess the association between the number of BCTs and user ratings 

 To assess the association between self-regulation BCTs and user ratings 

(this analysis was added post-hoc and was not in the protocol. The rationale 

for including this analysis is presented in the reflective log section below)  

Objective 2: 

 To assess the association between user ratings and: 

o user involvement  

o presence of any peer-reviewed studies associated with the app  

o app features  

o app usability  

o app ranking  

 

 To assess the association between BCTs and  

o expert involvement  

o presence of any peer-reviewed studies associated with the app  

o app usability  

o app ranking  

o app size  

o features and BCT 

 

As only 1 app had evidence of affiliation with a reputable organisation and there was no 

evidence for user involvement in the app development processes, these objectives could 

not be conducted. 
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___________________________Reflective log___________________________ 

The operationalisation of likely efficacy  

Initially, the definition of the likely efficacy of apps was operationalised as the number of 

BCTs only. The analysis assessing the relationship between the number of BCTs and 

other variables was conducted in other studies as discussed in the Introduction to this 

chapter. I provided a rationale for such operationalisation of the likely efficacy measure, 

however, the reductionist approach of this study was a concern for me. 

 

The BCT Taxonomy represents the variety of smallest, irreducible, active components 

that are used in behaviour change interventions [168]. However, there is no evidence 

that more BCTs equals higher efficacy. There is evidence that inclusion of behaviour 

change theory might be associated with efficacy [140]. 

 

Hence, I considered an additional approach to define the likely efficacy of apps 

considering the opportunities (ready available data from the app stores) and limitation of 

this study (crude measures). I decided that I should add an analysis of those BCTs that 

have been shown to be effective in increasing PA to objective 1.  

 

Systematic reviews and meta-analyses have shown that self-regulation techniques, such 

as goal setting, monitoring, and feedback are effective in increasing PA behaviour [140, 

141, 188, 207] and that they may have cumulative effects. For example, Michie, Abraham 

[140] showed that self-monitoring with other self-regulatory BCTs was more effective in 

increasing PA than using one of those BCTs in isolation. Self-regulation has been 

acknowledged as an important constructs in behaviour change theories, e.g. in Control 

Theory [208] and Self-Regulation Theory [209]. Hence, the presence of these BCTs can 

be used as an indicator for quality of those apps and a proxy measure of their likely 

efficacy.  



 
 
   

125 
 

I found one study that looked at the individual presence of BCTs that were effective in 

weight management interventions. Bardus, van Beurden [136]looked at the correlation 

between the BCTs that were associated with greater effectiveness. They conducted 

correlation analysis between inclusion of self-monitoring, goal setting, and feedback and 

found no relationships between inclusion of these and user rating. I decided to add the 

analysis of those BCTs that have been shown to be effective in increasing PA behaviour. 

This was not an a priori analysis.  

 

Both definitions, the number of BCTs and inclusion of BCTs that have been shown to be 

effective, have their weaknesses. There is no definite evidence that the more BCTs the 

better and there is no evidence that self-regulation techniques “work” equally in apps as 

they do in more traditional face-to-face interventions. However, considering the context 

of the study with its limited measures derived from the app stores, I thought that adding 

the analysis of the presence of self-regulation techniques was appropriate and needed.  

_______________________End of the reflective log_______________________ 

 

3.3 Methods  

3.3.1 Study design 

The study used regression models to determine the association between the variables 

derived from the app store in the sample of randomly selected popular PA apps.  

3.3.2 Sample identification  

The sample assessed in Study 1 was used to conduct the analysis in this study (see 

Chapter 2, section ‘Sample identification’). One app, Yoga Break, was excluded from this 

study as the data on user ratings was not available (due to unreported number of ratings), 

resulting in total sample of 64 apps. 
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3.3.3 Dependent Variables 

The dependent variables were the number of BCTs; provision of privacy policy; quality 

of development process and evidence for evaluation; the presence of expert 

involvement, user involvement, peer-reviewed studies; app features; SUS score. Other 

characteristics of the apps derived from the app stores included in the analysis were app 

size, app cost, ranking in the app stores. 

 

The description of the measures of quality applied to the apps is described in details in 

Chapter 2, section ‘Sample assessment’.  

3.3.4 Outcome variables 

The primary outcome, user rating in the app store, was used to represent 

operationalisation of the user experience of the apps. In both app stores the users can 

award 1-5 stars to an app. The average star rating was calculated by summing the 

number of stars and dividing them by the number of users that submitted the rating. 

 

When an app appeared in both stores (within the 400 apps used in identification process, 

see Chapter 2, section ‘Sample identification’), a weighted average of the star ratings for 

each store was calculated based on the relative proportion of the ratings in each store. 

This algorithm is equivalent to summing the number of stars awarded by all users in both 

stores and then dividing by the total number of reviews across both stores. This 

calculation assumes that users are equally important regardless of the platform used to 

access the app. Secondary outcome used was the number of BCTs. 

3.3.5 Identifying potential confounders 

Directed Acyclic Graphs (DAG) are visual tools used to help identify and map the 

possible variables that may influence the primary association of interest, and to plan 

which of these variables need to be adjusted for in the analysis to minimise the potential 
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bias in the estimation of the effect of the association of interest, in this case the BCTs 

and user ratings. [210, 211]. First, the potential variables that can potentially relate to 

both the predictor and the outcome variable were identified based on the literature review 

of the previous studies that assessed the association between the app content and 

characteristics (Figures 19 A and B) and the quality indicators and app characteristics 

identified in Study 1 (Chapter 2). Next, The DAG was then used to identify the potential 

confounders – the variables that are associated with the predictor and outcome of 

interest but not in the causal pathway. The process summarising the assumptions about 

the association of interest using DAG is found in the Appendix G. Variables determined 

a priori potentially to affect the relationship between BCTs and star ratings were the 

number of features, whether the app was free or required payment (cost), size (in 

megabytes, MB) and usability. 

3.3.6 Sample size justification 

The sample size calculation was based on pilot sample of 10 apps (5 paid from iTunes, 

5 free from GP) selected from the sample identification of the 100 top ranked apps in 

each store. Apps were sorted in order of store rankings. From iTunes, 38 potentially 

eligible paid apps were identified and every 8th app was included in the pilot sample (N 

= 38/5 =7.6= ~8). From GP, 55 potentially eligible free apps were identified and every 

11th app was included in the pilot sample (N = 55/5 =11). If a sample app was downloaded 

and found to be ineligible, the next lowest ranked app was used instead. Three apps 

from GP and none from iTunes were found to be ineligible and replaced.  

The histogram of the star rating distribution is displayed in Figure 20. The skew that was 

apparent in the larger sample was not pronounced in the pilot data. The pilot data were 

used to estimate the standard deviations (SD) of BCTs and star ratings. Linear 

regression was also performed to estimate the relationship between BCTs and star 

ratings. The results were SD of 2.8 and 0.77 for BCT and star ratings, respectively. The 

regression coefficient estimate for the effect of BCTs on star ratings was 0.11 (SE=0.09, 
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R2 = 0.159). This result suggested that each additional BCT unit would lead to an average 

increase in the star rating of 0.11. This coefficient was not statistically significantly 

different from 0 (p= 0.254), but this is expected as this pilot study was underpowered to 

see a significant result (N=10). Figure 21 presents the scatter plot of the data and the 

linear regression line.  

Figure 20: The histogram of the star rating distribution 
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Figure 21: Scatter plot with linear regression of the pilot data (N=10) 

 

The sample size was then calculated assuming a relatively symmetric distribution of star 

ratings [212] (see Appendix H for sample size calculations). Statistical power of at least 

80% is recommended and 90% is desirable. Based on these calculations, a sample size 

of 51 apps would provide 90% power to detect a change of 0.11 for each additional BCT 

at 5% significance level (type I error rate A sample size of 65 apps was selected to 

account for any randomly selected apps that might not fulfil the inclusion criteria once 

downloaded. If all 65 apps are eligible, the resulting study would have 94% power to 

detect a change a mean change of 0.11. These calculations assume that pilot data are 

similar to the study data in that the mean change is 0.11. If the relationship was smaller 

than 0.11, calculations showed that a sample size of 65 would still provide 80% power 

to detect a mean change in star rating of 0.087 for each additional BCT at 5% significance 
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level. A mean change of 0.087 is approximately a 20% reduction from the 0.11 found in 

the pilot data, and any smaller change suggests that the pilot data are not a 

representative sample of possible apps. 

3.3.7 Statistical analyses  

The number of BCTs in the apps was summarized using the mean, standard deviation, 

median, 25th and 75th percentiles, and the maximum and minimum. Similar statistics was 

used to summarize user ratings, cost, as well data privacy and security assessment, and 

SUS.  

 

T-tests were used to assess the difference between app characteristics and the number 

of BCTs. Specific tests were undertaken to compare the difference in the number of 

BCTs between apps with and without the evidence of user involvement, with and without 

the evidence of the presence of peer-reviewed studies, apps with higher and lower 

usability, and larger and smaller apps. 

 

Three types of regression models were used to analyse the study data. In light of the 

strengths and limitations described below, the primary analysis is based on a linear 

regression model and powered accordingly. Logistic and proportional odds models will 

be calculated to examine some of the limitations of the linear model. Analyses were 

performed using SAS version 9.3 and R version 3.3.3. 

 

Linear regression  

Linear regression investigates the relationship between 2 continuous variables. It is used 

to determine how one variable (the predictor of interest) relates to another variable (the 

outcome of interest). The result of a regression model is the intercept and slope of the 

best fitting straight line through the data. This information can be used to predict how 
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values or changes in the predictor of interest might impact the outcome variable. Linear 

regression also allows for control of other variables (covariates). These additional 

variables may be used to improve the estimate for the predictor of interest, or to control 

for potential confounders. 

The key assumptions of linear regression are:  

1. The dependent variable needs to be continuous.  

2. Linearity - As the statistical analysis involves fitting a straight line onto the data, the 

relationship between the outcome and predictor needs to be linear. The linearity 

assumption can best be checked by inspecting the scatter plots. For example, if there is 

a pattern (e.g., a curve) then the assumption of linearity may be violated. In addition, it 

is important to check for outliers and influential cases which can affect the model.  

3. Independence of errors (also described as lack of autocorrelation) - the residuals must 

not be correlated. When observations are independent, errors are independent. In this 

study, apps are assumed to be independent so errors are independent.  

4. Homoscedasticity (homogeneity of variance) - that the error terms at each level of 

predictor variable are equal, i.e., they have the same variance. Diagnostic plots should 

be obtained to investigate for heteroscedasticity in the data. 

5. Normally distributed errors - the residuals should be normally distributed with a mean 

of 0. This means that the difference between the model and the data is assumed to be 0 

or close to 0. The normality of residuals assumption can be investigated using 

histograms and P-P plots. Deviations from a bell-shaped curve and non-diagonal line in 

P-P plots may suggest non-normally distributed residuals. Diagnostic plots should be 

obtained to investigate for non-normally distributed errors.  

6. Multicollinearity – It occurs where there are strong correlations (r >.8) between 

explanatory variables and the outcome. It increases the standard error of the regression 
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coefficient which means they are less likely to represent the population, and it decreases 

the value of R2. This assumption can be checked by inspecting a correlation matrix for 

all included variables.  

Advantages:  

Linear regression is a method which is commonly used to assess the relationship 

between variables. It has also been used in the context of evaluating apps [137] ,so there 

is precedent in the literature for this technique.  

Linear regression does not require dividing star ratings into categories. The average star 

rating can be used as the outcome variable. Also, the interpretation of the regression is 

appropriate for the study as it shows the average effect of BCTs on star ratings.  

Disadvantages: 

It assumes that the distance between any two stars is the same as between other stars, 

i.e., any additional BCT would improve 3-star rated app exactly the same amount as it 

would improve a 1-star rated app.  

Linear regression performs well for symmetric variables without major outliers. Star 

average is bounded between 1 and 5, though it is likely to be skewed toward high values. 

The distribution of the number of BCTs may be markedly skewed if a few apps have a 

lot of BCTs, though the mean and median are expected to be approximately 6. We can 

attempt to resolve these issues with log transformations. 

The relationship between stars and BCTs may not be linear – the mean impact of 

additional BCT units may be large when there are only a few, but not as large when there 

are many BCTs already included. Transformations of both the predictor and the outcome 

may be used to improve model fit.  
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Logistic regression 

In the present study, star ratings will be represented as a binary variable: higher user 

ratings of 4 or 5 stars versus lower user rating of 1, 2, 3 stars. The interpretation for the 

odds ratios for the BCTs will be the increase in odds of higher user rating (stars 4 or 5) 

associated with each BCT element.  

Logistic regression is similar to linear regression in that it quantifies the relationship 

between predictors and outcomes but in this case, the outcome is a binary variable. 

Results are interpreted on a probability scale and the most commonly reported statistic 

is the odds ratio.  

As logistic regression is a generalized linear model, the assumptions of this model are 

similar to that of linear regression. However, because in this case the dependent variable 

is categorical with only 2 levels, the assumption of linearity (predictor has linear 

association with the outcome) is not relevant. Instead, log (or logit) of the outcome 

variable is used and the explanatory variable needs to be associated with the log of the 

outcome.  

Advantages  

The interpretation of the odds ratio is related to the probability of awarding a higher star 

rating as opposed to a lower star rating, which is more intuitive than an average increase 

in star average (which is the interpretation of the linear regression coefficient).  

Disadvantages 

The choice of threshold (4 and 5 versus 1, 2 and 3 stars) is somewhat arbitrary. 

Sensitivity analyses can be used to determine how much the results depend on the 

choice of threshold – for example if 4 stars was classified with lower ratings or 3 stars 

was classified with higher ones.  
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The logistic model results in loss of granularity, in comparison to a continuous model. 

While users get to select between 5 stars to rate the app, logistic regression reduces the 

choice to 2 categories: 1, 2, 3 stars versus 4 or 5 stars. We cannot quantify the effect of 

BCTs on, for example, a 1-star increase using linear regression.  

Proportional odds model 

The proportional odds model is similar to logistic regression in that the outcome is 

categorical, but there can be multiple categories instead of just 2. Logistic regression 

models can be performed for all choices of thresholds that could be used in logistic 

regression: 1 versus 2, 3, 4, 5, and 1, 2 versus 3, 4, 5, and 1, 2, 3 versus 4, 5 and 1, 2, 

3, 4 versus 5. This is essentially what the proportional odds model does, but it combines 

these 4 models into a single model and so makes better use of all the information in the 

data. 

Advantages 

The analysis is conducted on what the users reported, i.e., in this model, collapsing the 

outcome based on a threshold is not necessary.  

This model does not assume equal distance between stars, as is the case for linear 

regression. The proportional odds model only requires that the categories are ordered, 

which is the case for star ratings, i.e., more stars are better. Furthermore, the distance 

between stars need not be consistent from person to person. The model can also 

accommodate differences in the interpretations across stars – one person may award 5 

stars to any app that works as described, while another would only award 5 stars to an 

app that exceeds the description. 

This model also addresses the primary goal of the study, as the interpretation of the odds 

ratio is the impact of additional BCT units on awarding a higher star rating as opposed 

to impacts on the average star rating or the chance of awarding 4 or 5 stars.  
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Disadvantages 

The main disadvantage of this model is that it relies on the proportional odds assumption 

and cannot be calculated if this assumption is not met.  

In this study, the proportional odds assumption implies that an additional BCT increases 

the chance of a higher star rating by the same amount regardless of the starting star 

level, i.e., the BCT increases the chances of going from star 4 to 5 by the same amount 

as going from star 1 to 2. In reality, it is possible that BCTs may make a poor quality app 

into good apps (improve apps that are of low quality) but once the app has 4-star rating, 

an additional BCT unit might not have as much influence. In this case, the proportional 

odds assumption is likely to be violated.  

Proportional odds models are a relatively recent invention, and their use in user feedback 

situations is sparse. The model has been used in the context of user feedback, i.e., 

patient reported outcome but has not been applied to BCTs [213]. 

It is the model of choice for a categorical response as it does not assume linearity and it 

does not collapse categories. However, it might not work because the proportional odds 

assumption may fail.  

3.3.7.1.1 Data clustering  

Simple regression models assume the independence of records. For this study, this 

assumption would mean that around 2.8 million users rated 2.8 million apps. In fact, the 

data in the study includes 2.8 million users ratings 65 apps from 2 different stores. (see 

Figure 22 for the data structure in the study). Hence, appropriate adjustments were made 

to the model using fixed effects for the app stores, and random effects for the apps.   
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Figure 22: Data clustering in the current study 

  

 

An effect in a study is fixed when all conditions are present in the experiment. Fixed 

effects can only be generalised to the situations similar to those in the study [214]. Is the 

current study, fixed effects were used to adjust the data for the app store as the majority 

of apps in the app store come from these 2 app distribution platforms. The interpretation 

of the results using fixed effects holds for these stores (and not other potential app 

distribution platforms). 

 

An effect in a study is random when the conditions present in the experiment are random 

sample of the possible conditions. Random effects can be generalised to the situations 

beyond the conditions in the experiment [214]. With random effects, however, the CIs 

are larger, hence there is less certainty in the results. In this study, random effects were 

used to adjust the data for the PA apps as 65 apps were randomly selected from the 

total number of 125 apps in the top rakings of the apps stores. Random effect assume 

that different apps could have been randomly selected which is true for the current data 

as the focus of the study lies in the underlying PA app population. The interpretation of 

the results using fixed effects holds for popular PA apps in general. 
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3.3.7.1.2 Sensitivity analysis plan 

Sensitivity analysis was performed to explore whether the overall results of the analysis 

were affected by the type of apps included, the threshold used to dichotomise the 

outcome variable, the low number of user ratings, and the confidence level in the 

presence of the BCT extracted. More specifically, sensitivity analysis that will be 

conducted is listed:  

 

1. Including only those BCTs that were classified as “present beyond all reasonable 

doubt” (++) 

2. Analysis of those apps that are appropriate for beginners 

3. Changing the threshold for outcome (star ratings – 5 starts vs 1,2,3,4 ) 

4. Excluding apps with less than 25 user ratings  

3.4 Results 

3.4.1 Descriptive statistics for the independent variable  

 

The mean for the number of BCTs variable was 7.1 (SD= 3.0) and was normally 

distributed. The details for the presence of BCTs in apps are described in Chapter 2, 

section: ‘The presence of BCTs’ (Table 20):  
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Table 20: Descriptive statistics for the predictor: number of BCTs 

 

 

Free 

(N=32) 

Paid 

(N=32) 

Total 

(N=64) 

Number of BCTs  Mean ± SD 6.56 ± 2.99 7.56 ± 2.87 7.06 ± 2.95 

 Median 7.00 8.00 8.00 

 25, 75%tile 5.00, 8.00 6.00, 10.00 5.00, 9.00 

 Min, Max 1.0, 12.0 1.0, 13.0 1.0, 13.0 

 

3.4.2 The distribution of the outcome variable 

In total, there were 2,819,469 individual user ratings from 64 apps used in the study 

(89,373 in iTunes and 2,730,342 in GP). Among these, 88.5% were 4 or 5 star reviews 

and 11.5% were 1, 2 or 3-star reviews. See Table 21 for the descriptive statistics of the 

star ratings for both stores. The distribution of star average was highly skewed 

(coefficient of skew -2.48, see Figure 23 for the distribution of star average for both 

stores). The acceptable values for skew are ± 1 [215].   
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Table 21: Descriptive statistics for the weighted star average of both stores (app level 

data) 

 

 Total - iTunes 

(N=44) 

Total - GP 

(N=37) 

User rating (1-5 stars) Mean ± SD 4.20 ± 0.71 4.36 ± 0.42 

 Median 4.40 4.50 

 25, 75%tile 4.00, 4.60 4.40, 4.60 

 Min, Max 1.8, 4.9 2.4, 4.7 

 

Number of ratings Mean ± SD 2031 ± 4290 73793 ± 137000 

 Median 550.0 5856 

 25, 75%tile 85.50, 1719 1475, 78204 

 Min, Max 11.0, 25000 7.0, 630000 

 

Figure 23: Distribution of star average for both stores 
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The pilot data failed to show the skew of the outcome variable and log transformation of 

the data were not possible due to the direction of the skew (see Figure24) below 

comparing the star average distribution between the pilot data (N= 10) and full sample 

(N=64).  

 

Figure 24: star average distribution between the pilot data (N= 10) and full sample (N=64) 

 

 

Consequently, linear regression (as per the analysis plan) was not conducted as the 

degree of skew for the outcome variable would likely lead to violation of the normally 

distributed errors assumption. While the logistic regression analysis was pre-specified 

and conducted as planned (section ‘Statistical analyses’), it is described in the analysis 

plan as the secondary analysis which required representing star ratings as a 

dichotomous variable. Proportional odds modelling was also not conducted due to the 

skew of the outcome variable.  

 

The outcome variable was dichotomised into higher user ratings of 4 or 5 stars versus 

lower user rating of 1, 2, 3 stars.  
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3.4.3 Descriptive statistics for the independent variable and confounders 

analysis  

A set of variables identified in the analysis plan for the relationship to star rating (cost, 

usability, number of features, size, see section ‘Identifying potential confounders’) were 

included as fixed covariates in univariate logistic regression models with the outcome of 

high versus low star ratings. Cost, size, and usability were skewed and were 

dichotomised. As there is no guidance on what constitutes a “large” or “small” app, apps 

above the median size value (82.2 MB in iTunes and 29.6 MB in GP) were classified as 

large apps, and those below were classified as small. For cost, apps were either free or 

paid. For the SUS score a threshold validated by Bangor, Kortum [165] was used with 

72.5 described as good usability.  

 

Descriptive statistics for the confounder variables are displayed in Table 22.The mean 

number of features was 6.3 (SD=2.7). Among paid apps, the median cost was £2.4 (IQR 

1.78 – 2.99).The SUS score and the cost variables were skewed. The median size of 

apps was 39.64 MB (IQR 25.52– 79.50) and the median SUS score was 86.3 (IQR 75.00 

– 91.88). 
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Table 22: Descriptive statistics for the analysis of the confounders 

 

 

Free 

(N=32) 

Paid 

(N=32) 

Total 

(N=64) 

Number of 

Features 

Mean ± SD 5.94 ± 2.17 5.72 ± 1.95 5.8 ± 2.05 

 Median 7.00 8.00 7.00 

 25, 75%tile 4.00, 8.00 4.50, 7.00 4.00, 8.00 

 Min, Max 1.0, 8.0 1.0, 9.0 1.0, 9.0 

 

Cost (GBP)  Mean ± SD  3.00 ± 2.12  

 Median N/A 2.35 N/A 

 25, 75%tile  1.78, 2.99  

 Min, Max  0.8, 9.0  

     

Size (MB) Mean ± SD 45.53 ± 40.85 61.51 ± 47.22 53.52 ± 44.53 

 Median 32.45 53.97 39.64 

 25, 75%tile 16.82, 62.27 28.92, 85.02 25.52, 79.50 

 Min, Max 1.9, 163 1.0, 242 1.0, 242 

 

Usability (SUS) Mean ± SD 81.25 ± 12.64 85.23 ± 12.02 83.24 ± 12.40 

 Median 85.00 87.50 86.25 

 25, 75%tile 71.88, 91.25 78.75, 93.75 75.00, 91.88 

 Min, Max 52.5, 100 57.5, 100 52.5, 100 

 

Note: MB: megabytes, SUS, System Usability Scale; GBP: British pounds, N/A, not 

applicable 
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Any variables significant at p≤0.1 were included in models examining BCTs. Usability 

was associated with odds of assigning higher user ratings and was therefore controlled 

for in the model (see Table 23). 

 

Table 23: The analysis using univariate logistic regression models with the outcome of 

high versus low ratings. 

 

Variable  

 

Odds 

ratio 

      

Lower 

95% CI 

Upper 

95% CI 
p-value 

Number of features 1.10 0.97 1.24 0.134 

Cost (free vs paid) 0.78 0.48 1.28 0.329 

Size (large vs small) 0.98 0.94 1.02 0.221 

Usability (high vs low) 1.66 0.96 2.89 0.071 

 

3.4.4 Primary Analysis of objective 1  

3.4.4.1 Assessment of the association between the number of BCTs and user 

ratings.  

Weighted logistic regression (by the number of responses for each app) was used with 

a random intercept term for app, reflecting that the apps selected for analysis were a 

random sample of available fitness apps, and to control for correlation when the same 

app was reviewed in both stores.  

 

See Figure 25 for the results of the primary analysis. There was no significant association 

between the number of BCTs and the likelihood of assigning higher user ratings (OR = 

1.05, CI 95% 0.97 to 1.14, p= 0.236).  
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The association between the store and star average was significant. Among users 

evaluating the PA apps with the same number of BCTs and the same usability (high or 

low), being in iTunes is associated with 37% reduction in the odds of a 4 or 5 star rating 

(OR = 0.72, CI 95% 0.71 to 0.74, p< 0.001).  

 

The association between the usability and star average did not reach statistical 

significance (OR = 1.68, CI 95% 0.97 to 2.92, p= 0.066). 

 

Figure 25: The graph showing the results of the primary analysis 
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The significant result of the primary analysis suggesting that users behave differently in 

how they assign user ratings depending on store (iTunes or GP) was unexpected. The 

assumption of the study was that users behave similarly in terms of the decision to assign 

1 to 5 stars regardless of the store. This assumption therefore had to be revisited and 

the association between the app stores and user ratings were explored further. 
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First, the star ratings of the duplicate apps, i.e., the same apps available in both stores 

(n= 17), were investigated. Figure 26 visualises the difference between the star ratings 

in iTunes versus GP. Each line represents 1 mobile app. The blue line indicates when, 

for the same app, star ratings were higher in GP. The grey lines show when the ratings 

were higher in iTunes. There were only 4/17 cases when star ratings were higher in 

iTunes than in GP for the same app.  

 

Analysis was conducted to assess whether the proportion with the high star ratings in 

GP exceeds what would have been found by chance. If there was no relationship 

between store and star rating, we would expect the star rating in iTunes to exceed the 

star rating in GP for about 50% of apps (coin flip). Mean star rating in GP exceeded the 

rating in iTunes in 13/17 apps (76.5%, 95% CI: 64.2-86.2, p<0.0001). Since the analysis 

was significant, we infer that the difference between the user ratings in the stores was 

not due to chance, and that GP users were more likely to assign high ratings than iTunes 

users.  
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Figure 26: Star ratings for the same apps across the app stores (n= 17) 

 

 

The effect of total number of BCTs is not consistent across stores 

Following the finding that users differ in how they assign star ratings depending on the 

store, an interaction analysis between the store and the number of BCTs was conducted. 

Figure 27 shows the primary model with an interaction between the store and the number 

of BCTs. The interaction between the store was significant which indicates that the effect 

of BCTs differs across the app stores. There is no effect for additional BCTs in GP (OR= 

0.98, CI 95% 0.90 to 1.06) but there is a significant effect for iTunes (OR= 1.15, CI 95% 

1.06 to 1.25). Specifically, each additional BCT increases the chances of higher user 

rating in iTunes by 15%. 
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was specific to the analysis where the outcome was user ratings (objective 2). This 

analysis was not planned a priori. 

 

Figure 27: The primary analysis of the number of BCTs with user ratings with the addition 

of an interaction between the store and the number of BCTs 

 

 

 

3.4.4.2 Assessment of the association between self-regulation BCTs and user 

ratings 

The BCT grouping 1 (Goals and planning) was represented in 84.4% of evaluated apps. 

The most common of these was goal setting for behaviours (84.4%), followed by action 

planning (35.9%) and goal setting for outcomes (18.8%). The BCT grouping 2 (Feedback 

and monitoring) was included in 92.2% of evaluated apps. Feedback on behaviour was 

included in nearly all apps (90.6%), while self-monitoring of behaviour and of outcomes 

were incorporated in about a third of apps.  

0.6 0.7 0.9 1.2 1.5 2 2.5 3
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Figure 28: Frequency of individual BCTs within the two Groupings of self-regulatory 

BCTs 

 

 

The number of Grouping 1 BCTs had no impact on star rating in either store (Figure 29). 

Among iTunes users, each additional BCT from Grouping 2 increased the chance of a 

high star rating by 63% (OR: 1.63 95% CI: 1.23-2.16). There was no association between 

the number of BCTs and star rating among GP users. Self-monitoring of behaviour was 

associated with higher ratings in GP (OR: 2.05, 95% CI: 1.23-3.39)  
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Figure 29: Odds ratios for the associations between BCTs that have been shown to be 

effective and a 4- or 5- star rating 

 

 

3.4.5 Secondary analysis of objective 2  

3.4.6 User ratings as outcome  

A series of logistic regressions were conducted to assess the association between the 

variables and the user rating outcome. 

 

1. Is there a relationship between expert involvement and star average? 

Out of 64 apps included in the analysis, 12 apps reported involving experts in the 

development of the app. The analysis using logistic regression showed a significant 

interaction between expert involvement and app store which suggests that the effect of 

expert involvement on star average is different across the app stores (p<.0001). 
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Specifically, there was no association between expert involvement and star ratings in GP 

(OR: 0.79, 95% CI: 0.42-1.48), however, there was an association in iTunes (OR: 1.99, 

95% CI: 1.07-3.72) with apps with expert involvement being 1.99 times more likely to 

receive higher user ratings (4 or 5 stars) than those that did not involve experts (Table 

24).  

 

Table 24: Odds ratios for the association between expert involvement and star average 

with expert involvement and app store interaction 

Expert involvement and 

star average 
OR 95% CI 

p-value for the 

interaction 

iTunes 1.99 1.07 3.72 <.0001 

GP 0.79 0.42 1.48 
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Figure 30: Logistic regression showing the effect of the expert involvement on user 

ratings (expert involvement x store interaction) 

 

 

 

2. Is there a relationship between the number of features in the app and star 

average?  

The descriptive statistics for the number of features within apps is presented in Chapter 

2, section ‘App features’.  

 

As indicated in section ‘Descriptive statistics for the independent variable and 

confounders analysis’, the distribution of the number of features in apps was relatively 

normal (skew -0.27, kurtosis -0.60).  

 

There was no significant association between the number of app features and star 

average in either iTunes or GP (Table 25). The interaction was statistically significant 

(p<.0001) but the odds ratios showed no meaningful difference.   
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Table 25: Odds ratios for the association between the number of app features and star 

average with number of app features and app store interaction 

Number of features and 

star average 
OR 95% CI 

iTunes 1.02 0.93 1.12 

GP 1.08 0.98 1.18 

 

Figure 31: Logistic regression showing the effect of the number of app features on user 

ratings (number of app features x store interaction) 

 

 

3. Is there a relationship between usability and star average?  

The descriptive statistics for the SUS score are presented in Chapter 2, section ‘User 

experience’. As described in section ‘Descriptive statistics for the independent variable 

and confounders analysis’, the SUS score was skewed and was dichotomised based on 

the published threshold [216].  

 

Logistic regression showed a significant interaction between usability and app store 

suggesting the effect of usability on star average is different across the app stores 
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(p<.0001). There was no association between usability and star average in either iTunes 

or GP (Table 26). 

 

Table 26: Odds ratios for the association between usability and star average and app 

store interaction 

 

Usability and star average OR 95% CI 
p-value for the 

interaction 

iTunes 1.00 0.96 1.03 <.0001 

GP 1.02 0.98 1.06 

 

Figure 32: Logistic regression showing the effect of usability on user ratings (usability x 

store interaction) 

 

 

4. Is there a relationship between app ranking and star average?  

As the rankings are separate for free and paid apps, the analysis was conducted 

separately for free and paid apps. 
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a) Free apps  

Logistic regression showed a significant interaction between app store ranking for free 

apps and app store suggesting the relationship between the ranking and star rating differ 

by store (p<.0001). There was no association between app store ranking for free apps 

and star average in either iTunes or GP (Table 27). 

 

Table 27: Odds ratios for the association between app store ranking for free apps and 

star average with app store interaction 

App store ranking (free 

apps) 
OR 95% CI 

p-value for the 

interaction 

iTunes 0.96 0.93 1.00 <.0001 

GP 0.99 0.95 1.03 

 

b) Paid apps  

There was also no association between app store ranking and star average among paid 

apps (Table 28). 

 

Table 28: Odds ratios for the association between app store ranking for paid apps and 

star average with app store interaction 

 

App store ranking (paid 

apps) 
OR 95% CI 

p-value for the 

interaction 

iTunes 1.00 0.96 1.04 0.021 

GP 0.98 0.94 1.01 
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5. Is there an association between the presence of peer-reviewed studies and 

star average? 

There was no association between peer-reviewed studies and star average in either 

iTunes or GP (Table 29). The interaction was statistically significant (p=.0001) but the 

odds ratios showed no meaningful difference. 

 

Table 29: Odds ratios for the association between the presence of peer-reviewed studies 

and star average with the presence of peer-reviewed studies  

The presence of peer-

reviewed studies and star 

average 

OR 95% CI 

iTunes 1.19 0.66 2.14 

GP 1.36 0.75 2.44 

 

Figure 33: Logistic regression showing the effect of the presence of peer-reviewed 

studies on user ratings (the presence of peer-reviewed studies x store interaction) 
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3.4.7 BCTs as outcomes  

6. Is there an association between the expert involvement in development 

and BCTs? 

The number of BCTs within app was normally distributed, so the relationship between 

expert involvement and the mean number of BCTs as an outcome was analysed using 

Student t-test.  

 

For 12/64 apps there was evidence that experts were consulted in the development 

process. For apps with no evidence of expert involvement, the mean number of BCTs 

was 7.15. For those that involved experts, the mean BCT number was 6.5. An 

independent t-test showed there was no difference in the mean number of BCTs between 

the apps that included and did not include expert involvement (0.65, 95% CI: -1.24 to 

2.54, p= 0.493), see Table 30. 

 

Table 30: The results of the t-tests comparing the number of BCTs between apps with 

and without evidence of expert involvement 

Expert 

involvement  

n Mean (SD) 

Yes 53 7.15 (2.91) 

No 12 6.50 (3.15) 

   95% CI  p-value 

Difference - 0.65 -1.24 2.54 0.493 

 

 

 

 

 

 



 
 
   

157 
 

7. Is there an association between usability and BCTs? 

The descriptive statistics for the SUS score are presented in Chapter 2, section ‘User 

experience’. As described in section ‘Descriptive statistics for the independent variable 

and confounders analysis’, the SUS score was skewed and was dichotomised. 

 

For apps with high usability, the mean BCT number was 6.98. For apps with lower 

usability the mean number of BCTs was 7.2. There was no statistical difference between 

mean number of BCTs between tabs with high versus low visibility (-0.22, 95% CI -1.96 

to 1.52, p= 0.802), see Table 31. 

 

Table 31: The results of the t-tests comparing the number of BCTs between apps with 

higher and lower usability 

Usability n Mean (SD) 

Higher 50 6.98 (2.82) 

Lower 15 7.20 (3.41) 

   95% CI  p-value 

Difference - 0.22 -1.52 1.96 0.802 

 

8. What is the association between the app size and the number of BCTs? 

The analysis was conducted separately for apps in iTunes and GP because the mean 

sizes across stores were different. T-tests were used to compare the mean number of 

BCTs for apps above and below the median size (82.2 MB in iTunes and 29.6 MB in 

GP). 

 

Neither difference reached significance, but there were numerically more BCTs, on 

average, in the larger apps (Tables 21 and 33). 

 

 



 
 
   

158 
 

a) The association between app size in iTunes and the number of BCTs 

 

Table 32: The results of the t-tests comparing the number of BCTs and apps above and 

below the median size (iTunes) 

Size in 

iTunes 

n Mean (SD) 

>= 82.2 23 7.87 (2.26)  

< 82.2 22 6.5 (3.17) 

   95% CI  p-value 

Difference - -1.370 -3.02 0.28 0.102 

 

b) The association between app size in GP and the number of BCTs 

 

Table 33: The results of the t-tests comparing the number of BCTs and apps above and 

below the median size (GP) 

Size in GP n Mean (SD) 

>= 29.6 19 8.16 (2.32) 

< 29.6 18 6.78 (3.59) 

   95% CI  p-value 

Difference - -1.380 -3.39 0.63 0.171 

 

9. What is the association between the number of features and the number of 

BCTs? 

A simple linear regression was used to estimate the relationship between the number of 

app features based on the number of BCTs. A significant association was found: F (1, 

63) = 47.62, p<.0001, with an R2 of 0.43. Each increase in the number of BCTs is 

associated with a 0.60 increase in the total number of features (SE = 0.09, p < 0.001). 
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10. Is there an association between the presence of peer-reviewed studies and 

the number of BCTs?  

For 12/65 apps there was evidence for presence of peer-reviewed studies related to the 

apps in the sample. For apps with evidence of peer-reviewed studies, the mean number 

of BCTs was 8.08. For those with no evidence of peer-reviewed studies, the mean BCT 

number was 6.79. An independent t-test showed there was a difference in the mean 

number of BCTs between the apps that had a peer-reviewed study compared to those 

that did not (-1.29, 95% CI: -2.51 to -0.08, p= 0.038), with a significantly larger mean 

number of BCTs in apps with peer-reviewed studies (Table 34). 

 

Table 34: The results of the t-tests comparing the number of BCTs between apps with 

and without evidence of the presence of peer-reviewed studies 

Presence of 

peer review  

n Mean (SD) 

Yes 12 8.08 (1.44) 

No 53 6.79 (3.15) 

   95% CI  p-value 

Difference - -1.29 -2.51 -0.08 0.038 

 

11. Is there an association between the app ranking and the number of BCTs? 

There was a significant linear relationship between the number of BCTs and store 

ranking. Overall, each additional BCT was associated with a mean decrease of -1.17 

(lower ranks are better) in the ranking order (SE= 0.38, p = 0.003). The effect was similar 

for free and paid apps (Figure 34).
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Figure 34: The results of linear regression between the store rank and the number of 

BCTs 

 

 

3.4.8 Sensitivity analysis  

Sensitivity analysis was performed including only those BCTs that were classified as 

“present beyond all reasonable doubt” (++). The results yielded a consistent, slightly 

stronger result compared to the main analysis. There was no effect of the number of 

BCTs “present beyond all reasonable doubt” on user ratings for GP (OR= 0.99, CI 95% 

0.90 to 1.08) but there was a significant effect for iTunes (OR= 1.18, CI 95% 1.08 to 

1.29). 

 

The sensitivity analyses conducted on the association between the self-regulation BCTs 

and user ratings including only those BCTs that were classified as “present beyond all 

reasonable doubt” [217] showed that for iTunes, the BCT 2.2 Feedback on behaviour 

crossed into significance. Otherwise, the results were consistent with the main analysis 

findings. The results of the sensitivity analysis are presented in Table 35. 
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Table 35: Sensitivity analysis including BCTs with only high level of confidence in the 

presence in the apps (++) 

Variable App 

store 

OR (95% CI) App 

store 

OR (95% CI) 

Group 1: Goals and 

planning  

iTunes 1.16 (0.87-1.55) GP 1.11 (0.83-1.49) 

1.1. Goal setting 

(behaviour) 

iTunes 0.91 (0.47-1.76) GP 1.65 (0.85-3.20) 

1.3. Goal setting 

(outcome) 

iTunes 1.18 (0.64-2.18) GP 0.81 (0.44-1.49) 

1.4. Action planning iTunes 1.07 (0.63-1.84) GP 1.42 (0.84-2.40) 

Group 2: Feedback and 

monitoring 

iTunes 1.62 (1.22-2.13)* GP 1.25 (0.95-1.64) 

2.2. Feedback on 

behaviour 

iTunes 2.07 (1.02-4.22)* GP 1.76 (0.84-3.68) 

2.3. Self-monitoring of 

behaviour 

iTunes 1.57 (0.95-2.61) GP 2.05 (1.23-3.39)* 

2.4. Self-monitoring of 

outcome(s) of 

behaviour 

iTunes 1.61 (0.93-2.77) GP 0.98 (0.57-1.69) 

Note: *, p< 0.05 

 

3.4.8.1 Analysis of apps that are appropriate for beginners 

When restricted to apps appropriate for beginners, in iTunes each additional BCT 

increased the likelihood of receiving 4 or 5 stars by 16% (OR= 1.16, 95% 1.05 to 1.29), 

for GP the effect was not significant (OR 0.97, 95% 0.88 to 1.08). This result was 

consistent with the main finding.  
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3.4.8.2 Changing the threshold for outcome (star ratings – 5 starts vs 1, 2, 3, 4) 

The association between the number of BCTs and user ratings using threshold of 5 

versus 1,2,3,4 starts was used, the results were similar to the primary analysis. The 

model with the app store interaction did not converge hence each store was modelled 

separately (Table 36).  

 

Table 36: Sensitivity analysis assessing the association between BCT and star ratings 

(5 versus 1,2,3,4 stars) 

5 vs 1,2,3,4 in iTunes  OR 95% CI 
p-value for the 

interaction 

Higher rating  1.46 0.75 2.86 N/A 

Lower rating  1.04 0.93 1.16 

 

5 vs 1,2,3,4 in GP OR 95% CI 
p-value for the 

interaction 

Higher rating  1.48 0.96 2.28 N/A 

Lower rating  0.98 0.92 2.28 

 

3.4.8.3 Excluding apps with less than 25 user ratings  

For this analysis, 6 apps with <25 user ratings were excluded. For iTunes, the OR for 

number of BCTs was 1.08, CI 95% 1.00 to 1.17; for GP, the OR was 0.91, CI 95% 0.84 

to 0.99. In this analysis, additional BCTs in iTunes increased the odds of a high rating, 

while in GP, apps with additional BCTs tended to receive lower ratings. 

3.4.9 Retrospective power analysis  

Based on simulations, this study had 97% power to detect an OR ≥ 1.2 for the effect of 

additional BCTs on high ratings with 64 apps. Since there was high power in this study 

and there was no significant result found in the overall models (number of BCTs and user 
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ratings), this suggests that the true increase in the chance of a star rating of 4 or 5 with 

each additional BCT has an OR of < 1.2. 

3.5 Discussion 

3.5.1 Principal findings  

This study explored which app quality indicators and app characteristics were associated 

with app popularity (assessed through user ratings) and likely efficacy (assessed through 

the inclusion of BCTs). The findings indicated that: 1) overall, there was no association 

between popularity and likely efficacy across both stores; 2) App size, the number of app 

features, the presence of peer-reviewed studies associated with the app, and the ranking 

in the apps stores was positively associated with the number of BCTs; 3) Expert 

involvement was associated with higher user ratings in iTunes, but not in GP. Apps that 

had privacy policy were more likely to receive higher user ratings in GP, but not iTunes. 

There were no other associations between the app quality indicators and characteristics 

and user ratings.  

 

Some unexpected findings were that the user ratings differed by the app store. 

Specifically, 1) users in GP were more likely to award higher user rating than those in 

iTunes, 2) the effect of the number of BCTs was different across the app stores. 

Specifically, there was an effect of the number of BCTs for iTunes with each additional 

BCT increasing the likelihood of higher user rating in iTunes by 15%, however there was 

no effect for GP app store. Next, I discuss the findings of the study and follow with the 

consideration of the unexpected findings.  
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Finding 1: No association between popularity and likely efficacy of PA apps across 

both stores 

 

This study supports the findings of previous research which showed that apps that were 

highly rated, highly ranked or frequently downloaded were not of high quality in weight 

management [136, 172], smoking cessation [206] and alcohol reduction [138] apps. In 

addition, the inclusion of BCTs that have been shown to be effective in increasing PA, 

i.e., self-regulation strategies, were also not associated with higher ratings and this 

results supports the similar findings of Bardus, van Beurden [136]. These accumulating 

evidence suggests that popular apps are not necessarily of high quality. The 

consideration of the reasons for this findings is discussed below. 

 

Why would almost 3 million users not be able to filter apps that are more likely to 

be effective?  

The summary of the distinction between the environments of the app market versus 

public health discussed in this section is presented in Table 37. I considered two main 

approaches to well-being as the basis to aid in understanding the differences between 

liked and effective. There are two main perspectives on well-being, the hedonic and 

eudaimonic approaches. The hedonic perspective focuses on happiness and states that 

the ultimate goal of one’s life is to maximize pleasure and minimize pain. Hedonic 

enjoyment occurs whenever positive affect is accompanied by need satisfaction. 

Hedonism, as related to well-being research, involves both bodily and intellectual 

pleasures [218]. As 70% of adults in the UK report they would like to increase their PA 

levels [55] the app market may be a virtual place to look for their needs satisfaction. On 

the other hand, the motivation of the commercial app market is to produce a profit through 

app sales, in-app purchases, and any peripheral products associated with the app. In 

this context, the user is the consumer and the apps must be liked to be downloaded. I 
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argue that behaviour change may not be the primary motivator for why commercial PA 

apps are developed. In this context, the user’s motivation to satisfy the immediate need 

might be short-lived and fail to produce a long-lasting behaviour change.  

 

On the contrary, the eudaimonic perspective states that happiness does not equal well-

being. Eudaimonia is characterised by engaging in purposeful activities that promote 

personal growth and facilitates realization of one’s potential [219]. Eudaimonism [220] is 

a theory where the vital point of human existence is gaining the knowledge of daimon 

(true self) and living in consistency with one’s values. This may mean abstaining from 

immediate need gratification if it is not consistent with self-identity. In the context of this 

study, what is effective might not necessarily be liked and vice-versa. The context is 

shifted from commercial market to public health and the user is not seen as a consumer 

per se but a citizen, a user of the healthcare system, a patient. Within this perspective 

immediate happiness may be substituted for deliberate engagement in health behaviours 

that, at first, may not be bring immediate pleasure. This perspective produces long-term 

well-being. In this case, the decision to engage in health behaviour, such as PA, might 

be considered as not immediately increasing happiness but nevertheless consistent with 

one’s values and identity.  

 

Hence, targeting hedonic motivation (the immediate pleasant experience following 

engagement in PA) as well as the long-term influences on behaviour related to self-

identity (eudaimonic motivation) would increase the behaviour change potential of apps 

for PA long-term. 
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Table 37: Differences between liked / popular and effective apps 

Differences 

between 
Liked / popular 

Versus 

Effective 

Setting Commercial app market Public health 

End-user  Consumer Citizen/Patient 

Motivation  Hedonic perspective Eudaimonic perspective 

 

Finding 2: App size, the number of app features, the presence of peer-reviewed 

studies associated with the app, and the ranking in the apps stores positively 

associated with the number of BCTs 

 

Across behaviour change interventions, the relationship between app quality and 

popularity is mixed. Whilst Azar, Lesser [172] found that apps with high rankings were 

of low quality, Chen, Cade [137] reported a positive association between ranking and the 

number of BCTs, both in a sample of weight management apps. A positive association 

between app ranking and the number of BCTs was also found in this study. It is unknown 

what constitutes the app ranking algorithm but variables that have been indicated to 

contribute are the number of downloads and user ratings [198]. As app features were 

associated with the number of BCTs, as found in Bardus, van Beurden [136], it is possible 

that apps which provide users with more options may be more likely to be downloaded, 

if not used.  

 

However, in this study, more BCTs were associated with both more app features and a 

larger app size. This finding might suggest that apps larger in size, although providing 

more BCTs, might be deleted earlier from the device, as high memory allocation is the 

third main reason why users uninstall their apps [221]. Previous studies found that, 

although apps with higher user ratings had higher usability [147], more features in apps 

decreased their usability [203]. 
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Hence, the inclusion of BCTs or features should be limited to those that are necessary. 

This could be achieved by personalising the app content to users’ needs. For this reason, 

systematic development of the apps based on user needs, grounded in behaviour 

change theory, with systematic selection of those BCTs that are most likely to be 

effective is important. In addition, as any behaviour change process is non-linear, 

dynamic and responsive designing tailored interventions adapted the user needs might 

be more effective [222] and engaging [223] than providing a one-size-fits-all intervention 

for increasing PA. For example, goal setting theory states that the goals should be 

evaluated periodically against the performance and adjusted accordingly if there is such 

need [224, 225]. 

 

In this study, apps that had peer-reviewed publications associated with the app included 

more BCTs in comparison to those that did not have any studies associated with the app. 

This finding should be interpreted with caution as only 12 apps had a published article in 

the scientific database. However, this might suggest more prominent inclusion of app 

features that address behaviour change in those apps for which a peer-reviewed study 

exist. 

 

This study found that there was no relationship between ranking and star ratings. 

Although the variables used for the ranking algorithm are not known, user feedback is 

considered, and expected, to have an impact on the app position in the ranks [198]. The 

potential reasons for this finding might be that, as this study aimed to look at popular 

apps, only “top-ranked” apps were selected for the study, and there might have not been 

enough variability in the sample to find an association because there were no unpopular 

and low-ranked apps to form a contrast. In addition, dichotomisation of the star ratings 

might have been too crude an outcome measure to assess how feedback plays into 
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ranking considering that only 12% of ratings were 1, 2, or 3. An alternative reason might 

be that the user voice in the form of user ratings is down-weighted in the app rakings 

produced by the app stores. As iTunes and GP are both commercial environments, the 

possibility of app companies purchasing their ranking position cannot be excluded. 

 

Finding 3: Expert involvement was associated with higher user ratings in iTunes, 

but not in GP. 

When considering the predictors of higher user rating in the app store, only one 

association was found. Those apps for which there was evidence of expert involvement 

were more likely to receive higher user rating in iTunes, but not in GP. These results 

have to be interpreted with caution as only 12 apps had evidence for the involvement of 

experts. Similarly, Pereira-Azevedo, Osório [193] found that download rates were higher 

when experts were involved in the development of urology apps. No other quality 

indicators and app characteristics predicted high user ratings. 

 

3.5.1.1 Unexpected findings  

Finding 1: users in GP were more likely to award higher user rating than those in 

iTunes  

Finding 2: the effect of the number of BCTs was different across the app stores 

 

The findings relating to the difference between the stores and user ratings were not 

previously reported. There are various possible explanations for this difference, including 

demographic differences in the population of users of each store [226, 227]; differences 

in the review and approval processes between the two stores [221], or the play of chance. 

Next, I will discuss these in detail. 
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Market research reveals some demographic differences between iPhone and Android 

users. There is a substantial difference in household income between iPhone and 

Android users, with Android dominating towards the bottom of the income ladder, and 

iPhone usage increasing with income. iPhone users have, on average, higher level of 

education than Android users. In addition, the research found that 40% of Android users 

reported having an immediate family member with heart disease, in comparison to 25% 

for iPhone users [228]. iPhone users are more likely to make purchases using e-

commerce and they are likely to make more expensive purchases than Android users 

[227]. In 2015, users of iTunes spent $20 billion dollars and 4 times more per user than 

GP users [229]. iOS users engage with their phones more than Android users and are 

likely to also own another Apple products which may suggest their loyalty to the brand 

[230]. In addition, a recent study found evidence for prevailing stereotypes between 

users of the iPhone and Android. In a survey of 240 people, those that use Android were 

perceived as more honest, humble, agreeable and open and seen as less extroverted 

than iPhone users [231]. However, a recent study comparing the users of iOS and 

Android on key personality traits found small to negligible differences [226]. 

 

In addition, as iPhone tend to be more expensive then Android, it is possible that iPhone 

users have higher expectations, reflected in their tendency to assign lower ratings, in 

comparison to Android users. Moreover, this study showed that apps in iTunes are 

substantially bigger than apps for Android (82.2 MB versus 29.6 MB, respectively) and 

this might influence the lower ratings of the apps in iTunes if iPhone users are able to 

download a smaller number of apps than Android users due to size restrictions.  

 

Lastly, profit as a motivation and the app development and app review processes might 

influence the observed difference between the app stores in this study. The market share 

of Android is domineering the mobile landscape (85.9%), with iOS having a 14.1% share. 
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However, when considering profits, Apple dominates. There are many software and 

device variants for Android [232]. Contrary, iOS app development tends to be more 

efficient due to homogeneity of the iOS platform. In addition, Apple has a stricter review 

process than GP, both for developers attempting to get their product onto the Apple app 

store, and users who want to rate the apps. This might explain why there were 25 times 

more user ratings given by Android users compared to iPhone users. Profitability, relative 

ease in app development, and the Apple review process are factors that could explain 

the higher quality of apps being produced for iOS [233]. This may also explain why the 

effects of the content of the apps (number of BCTs) has a different relationship to user 

ratings across the stores.  

 

 Last, it is possible that the findings occurred by chance. Although the test for the 

interaction was significant, the CIs seem to overlap 1.15 for lower (1.06) and upper bound 

(1.25), hence there is a possibility that this result may not represent a true difference. It 

is unlikely that for iTunes users there is an effect of BCTs on user experience whilst there 

is none for GP users.  

3.5.2 Strengths  

This is the first study that aimed to explore what predicts higher user ratings in popular 

PA apps using crowdsourced data from the apps stores. The main strength of the study 

includes the use of systematically derived quality indicators based on assessment 

conducted by two reviewers. The sample was identified from the most popular publicly 

available apps from 2 major app distribution platforms. The use of BCT Taxonomy 

provides a standardised assessment tool which has been utilised in other studies 

assessing the content of apps [137, 139, 145, 176]. In addition, the primary indicator of 

the likely effectiveness of the apps included 2 operationalisations (the number of BCTs 

and the specific BCTs that have been shown to be effective in increasing PA) which 

increases the robustness of the results. Last, Guzman [234] argued that the star rating 
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represents an average score for the whole app that combines both positive and negative 

evaluations aggregated across users. The study, however, used rater-level data which 

included individual ratings from 2.8 million users. These large numbers mitigate the 

problems posed by averaging the star rating across users. 

3.5.3 Limitations  

This study has some important limitations. First, the main limitation of the study relates 

to the variables used. It is possible that user ratings, as expressed by the stars assigned 

to the apps, can relate to different aspects of the app functioning and content. There is 

evidence suggesting that app reviews tend to occur near a new release, which may 

suggest that the ratings reflect comments on the specific updates of the software [235]. 

In addition, the possibility that user ratings were influenced by fake reviews cannot be 

excluded [148, 149]. Moreover, some developers used the power of defaults by asking 

the user to “give the app 5 stars”. However, the user rating was considered the most 

appropriate measure to use since it represents a user-led feedback that reflects user 

experience. Similarly, the choice of the BCTs as an approximation for likely efficacy was 

selected because studies assessing the efficacy of the apps on the market are scarce 

[84, 236, 237]. It is likely that the quality of BCTs implementation will have an important 

role for effectiveness. Second, the ranking algorithm from which the sample was derived 

is unknown. Hence, this lack of transparency prevented evaluation of how the calculation 

of rank might have influenced the app selection. However, apps appear in rank order by 

default in app stores, and so the rank affects what users are seeing. As this study was 

assessing the most popular apps, the choice of highly ranked apps was considered the 

most appropriate for the context of this research. Third, the GP market tend to have more 

ratings than iTunes. This is most likely because there is more GP users. In addition, the 

process of app review is more complex in the latter [238]. This was addressed in the 

study by using the weighted averages of the ratings across the stores and by controlling 

for store in the regression models. While there is a difference in the app review process 
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in both app stores, feedback from both stores should be recognised as valid and 

important. Fourth, as there is very little known about what predicts what users like in 

apps, this study was exploratory in nature, and the p values are descriptive and aimed 

for hypothesis generating rather than generation of the findings to other apps. As such, 

there was no a priori type 1 error control for multiple comparisons so p values should be 

treated as descriptive and inference should be made with caution. Fifth, the difference in 

star rating by store was also unexpected, and hence the app store interactions with 

covariates of interest were a post-hoc addition to this plan. Sixth, there were only 12 

apps that had evidence of health expert involvement, hence the significant association 

between expert involvement and user ratings in iTunes should be interpreted with 

caution. Seventh, there is evidence that some BCTs may operate in clusters [239]. 

However, the analysis of the individual BCTs within the groupings was not adjusted for 

other BCTs within the cluster. Last, failure to detect the skew in the original primary 

outcome used to power the study is a limitation, however, a retrospective power analysis 

showed the study had power to detect an OR of 1.2. As no significant result were found, 

the true OR is likely to be < 1.2.  

3.5.4 Implications  

This study showed no evidence of an association between popularity and likely efficacy. 

The findings suggest that, at present, allowing the commercial market to determine which 

PA apps are downloaded is unlikely to be an effective method of public health promotion 

in terms of increasing overall levels of PA.  

3.5.4.1 Implications for research  

As this study showed that BCTs may increase the size of the apps, and app storage is 

an important factor influencing the decision to remove an app, only the BCTs that are 

most likely to be effective and liked should be included in the apps. Further research is 

needed to understand which BCTs, and in which combinations, are most effective in 
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increasing PA when delivered via an app; how these BCTs can best be delivered; and 

how to combine features which promote effectiveness with those that promote popularity. 

Last, the differences in iTunes and GP users is an unexpected finding and not one that 

the study set out to identify, (i.e. not an a priori hypothesis). Future researchers should 

be aware of the potential differences between iTunes and GP users and ensure research 

is carried out on both platforms.  

3.5.4.2 Implications for policy  

This study showed no evidence of association between what is liked by users and likely 

efficacy. In addition, app popularity was not associated with other quality indicators 

assessed, such as the presence of peer-reviewed studies. Moreover, assessing whether 

non-commercial affiliation and user involvement influenced ratings was not possible as 

only one app had evidence for non-commercial affiliation and there was no evidence for 

user involvement in the app development.  

 

As such, the findings have some implications for public health policy. Apps aimed to 

increase PA represent the largest category in the two major app stores [240] which 

illustrates public demand for engaging in PA. The findings of this study suggest that, at 

present, allowing the commercial market to determine which PA apps are downloaded 

is unlikely to be an effective method of public health promotion in terms of increasing 

overall levels of PA.  

 

Initiatives to identify and promote high quality apps have been in development. The 

recently reopened NHS App Library provides a database of 72 apps that fulfilled a series 

of criteria consisting of: 1) digital assessment process (conducted by the developers or 

an independent organisation), 2) content review which involves a more detailed 

assessment of the health and behaviour change content used [241]. However, at the 
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time of writing, the database’s section “healthy living” included only two apps focussing 

specifically on PA (both developed by PHE).  

3.5.5 Conclusions  

To date, this is the first study to assess the association between popularity (measured 

using user ratings of the apps) and likely efficacy (measured using the inclusion of the 

BCTs) of publicly available highly-ranked PA apps available in the major app stores. No 

relationship was found between popularity and likely efficacy suggesting that popularity 

does not assure high quality, and what is liked may not be what is likely to be effective. 

Thus, promotion of public health is unlikely to be achieved by allowing market forces to 

determine which PA apps are used. Both researchers and developers should consider 

the potential differences between iTunes and GP users and ensure research is carried 

out on both platforms. More studies are needed to assess the effectiveness of apps with 

users in a real-world setting to investigate the app components that are both effective 

and valued by the users. 
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PART 2: FOCUS ON THE USERS  

 

The feasibility and acceptability of a randomised crossover trial assessing two 

popular physical activity apps: a mixed methods study 

 

In Part 1 of my PhD I assessed the quality of selected highly popular PA apps on the 

market and explored if user ratings could be used to predict what users value in those 

apps. In this part of this thesis I address the question of whether these apps have the 

potential to work, i.e., if they can lead to behaviour change.  

 

Part 2 is a mixed-methods design consisting of a quantitative component assessing the 

feasibility of a future fully-powered RCT, acceptability of the trial methods and the 

potential effectiveness of two popular and highly ranked PA apps (Phase 1). However, a 

quantitative study should be accompanied with a more in-depth contextual exploration 

of how and why users choose to interact with the technology and what (if any) aspects 

and features of the app they considered as helpful/unhelpful. The qualitative component 

(Phase 2) explored the acceptability of the trial procedures and the experience of using 

the PA app interventions. 

 

Figure 35: the overall structure of this sequential mixed-methods study 

  

Assessing the effects 

(what?)  

Exploring the process 

(why? how?)  

Quantitative 

component (Phase 1) 
Qualitative 

component (Phase 2) 
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CHAPTER 4. Methodological considerations: the feasibility 

and acceptability of a randomised crossover trial assessing 

two popular physical activity apps  

 

4.1 Chapter overview  

This chapter reports on the methodological considerations when designing the 

quantitative component of this study which was a feasibility crossover trial of two popular 

apps on the market. The background included the consideration of what a high quality 

trial is based on the Risk of Bias assessment tool.  

4.2 Background  

RCT is the gold standard  

Randomised controlled trials are considered the gold standard [242] for assessing 

efficacy or effectiveness (in a pragmatic RCT) because randomization minimises the 

impact of confounding variables that may influence the results [243]. In this Background 

section to this study, I first present the design of this study, following by a consideration 

of the components of a high quality trial, and how I approached the process to design 

the best study achievable with the resources available to me.  

 

___________________________Reflective log___________________________ 

 

Making balanced compromises: selecting the design to assess the potential 

effectiveness of the apps: 

 

In this section I present the decision-making journey around the design of this study. As 

reported in Chapter 2, in my review (Study 1) I assessed 65 apps. In an ideal world, I 
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would consider conducting 65 RCTs, all with a control arm. This approach would be 

extremely resource intensive, of both time and funding. Still, I was determined to assess 

4 apps as the results of Study 1 showed four types of apps that were the most common 

on the app market (the workout apps, tracking of movement, running programmes, and 

pedometer-based apps).  

 

The factors I considered to be important for the design of this study were the balance 

between the complexity of the design and the increased burden for the potential 

participants. Figure 36 visualises the thinking process (in a simplified linear way) I 

followed to reach the decision to conduct a crossover trial. The table with the 

consideration of other designs are found in Appendix I.  

 

Figure 36: The process of negotiating the design for this study 

 

 

 

First, I considered a non-randomised pre-post study examining within-participant 

changes in PA. The advantages of this simple design include the ability to closely mimic 

the app store as I would be able to “offer” participants a choice of four apps and then 

follow them to assess if their PA improved. In addition, this design was both simple and 
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least burdensome for the participants. However, I quickly realised that I was addressing 

a different research question to the one I aimed to investigate. The research question 

would be not that of potential effectiveness of the apps. It would help answer a question: 

“When given a choice of four apps, which apps do participants choose?” In addition, 

without a reference to a comparison group, this study would be difficult to interpret and 

may lead to erroneous conclusions about the effectiveness of the interventions. 

 

I was excited to learn about the Latin square design. Using this design, I could assess 

four apps with all participants by randomising participants to one of the four sequences 

of app assessment. However, I realised, with the pain of letting go, that a trial of this kind 

would be very complex where I would “force” participants to use all four apps. The trial 

fatigue was expected to be high and I could expect strong period effects where the 

sequence of app assessment would influence the completeness of the data. 

 

I had to use some strong negotiation with myself to reach a consensus that was 

somewhat in the middle – the crossover design. This was a way to simplify the 4x4 Latin 

square. I had to consider two apps rather than four, but I thought this design would be 

possible to execute and would decrease the participant burden and the potential trial 

fatigue. Simultaneously, I would still be able to randomise participants to the sequence 

of two apps hence increasing the validity of the study. In addition, by using a crossover 

design, each participant would act as their own control, hence I would be able to assess 

the overall effect of the apps but also to compare the two apps. This was certainly not an 

ideal method but it was an optimal way when considered the resources I had at my 

disposal: intellectual, time, and finance.  

 

_______________________End of the reflective log_______________________ 
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Figure 37 presents the design of this feasibility crossover trial. The trial lasted 5 weeks 

(1 week baseline, 2 weeks intervention period for each app). First, participants’ baseline 

PA was assessed as, in crossover designs, participants’ baseline PA can be compared 

to their follow-up outcomes (participants act as their own control arm).  

 

Figure 37: Randomised crossover trial design used in this study 

 

 

 

What makes a high quality RCT? 

In the next section, I discuss the main components of a high-quality trial including the 

importance of a feasibility study, and the methods to increase the internal and external 

validity of the trial including the rationale for the decision I made when planning this 

crossover trial.  

 

The MRC framework for developing and evaluating complex interventions argues that 

before a definitive fully powered trial is conducted, it is crucial to conduct assessment of 

the feasibility and acceptability of the study [107]. Feasibility determines if the study 
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design, procedures, and the intervention can be executed by the researcher. 

Acceptability assesses the suitability of the study design, procedures, and the 

intervention from the perspective of the participants and intervention deliverers [244]. 

Hence, this study was a mixed-methods feasibility study to inform a decision about 

whether to proceed to a large-scale definitive randomised controlled trial (RCT).  

 

Internal validity  

To design this study, the Cochrane Risk of Bias (RoB) tool for randomised trials [245] 

was used to determine which factors impact the quality of RCTs, and hence, to increase 

the internal validity of this study. Each of the biases described in the quality tool is 

considered in the next section.  

 

Bias arising from the randomisation process relates to the randomisation of the 

participants, the concealment of the allocation sequence, and the occurrence of 

imbalances in the baseline characteristics that may influence the results. 

 

In this study, April Slee (a PhD student in the department), provided me with her 

statistical advice. Specifically, she helped me to devise the statistical analysis plan based 

on the objectives I developed; provided guidance on running the analyses on the 

statistical software when needed; and developed and managed the random sequence 

generation.  

 

In addition, the differences between baseline characteristics of the participants were 

assessed. Randomisation eliminated systematic differences in these variables, but 

cannot avoid randomly occurring differences. Socio-demographics and other baseline 

characteristics, such as intrinsic/extrinsic motivation for PA [246, 247] can have an 

impact on the outcomes measured [248]. To minimise the impact of these variables that 
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were not targeted in the intervention, they were assessed at baseline and the differences 

between the randomised groups were assessed to ensure that the imbalances between 

the baseline characteristics were accounted for (if such were found). 

 

Bias due to deviations from intended interventions relates to the blinding of 

participants and researchers to the intervention group randomisation. It is difficult, if not 

impossible, to blind the participants to the allocation in behavioural interventions. 

Although I did not provide the names of the apps used in the intervention in advance, so 

as not to influence expectations, the concealment of the intervention was not possible.  

 

The most recent RoB (2.0) acknowledged that the tool was limited to studies where 

blinding was possible. The new RoB tool expanded this section including the potential 

confounding factors, one of which was relevant for this trial: non-adherence to 

intervention. It is possible that the participants’ pre-conceived attitude towards an app 

could influence their adherence to the intervention. The main analyses were performed 

using the Intention-to-Treat (ITT) method which can estimate the effect of the assignment 

to the intervention [245]. 

 

Bias due to missing outcome data relates to the potential imbalances in the outcome 

data due to attrition. This assessment includes the consideration of how much data are 

missing and why. As this is a feasibility trial, the investigation of this particular bias formed 

the primary outcome, which was assessed as the retention rates and the completeness 

of the data.  

 

To reduce missing data in this study, incentives to increase completeness of the data 

were used. An expert consensus workshop findings [249] and qualitative study[250] 

suggested that the monetary incentives for participation in an RCT should be neither too 
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high as to be perceived as coercive, nor too low so that participants feel undervalued. 

The range of the monetary incentives suggested was £5 to £20. As this study lasted 5 

weeks with potential qualitative interview I decided that £20 was an appropriate token of 

appreciation for participants’ time.  

 

In addition, as this study aimed to explore the short-term effect of the apps a two-week 

assessment period was selected to maximise data completeness and decrease 

participant burden.  

 

Bias in measurement of the outcome relates to the potential confounding effect of the 

measurement used, whether influenced by the assessors or the participants themselves. 

To minimise this bias, the primary outcome for the potential future definitive trial was 

measured objectively using an accelerometer device.  

 

Objectively measured PA - accelerometer  

There is no standard method to measure PA [251, 252]. However, an accelerometer (a 

motion sensor) can be used to assess the duration and intensity of activity, and it is 

considered to provide the most valid and reliable measurement of PA [253]. Previous 

studies assessing the efficacy of PA interventions (both using digital intervention and 

face-to-face methods) using accelerometers tended to have high standard deviations 

and many of the studies were underpowered [187, 254-256]. An example was Wang, 

Cadmus-Bertram [256] where the authors expected to see 17% increase in total PA 

levels but saw only a 0.3% increase.  
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IPAQ  

As this was a feasibility trial, I explored the optimal method for assessing the outcomes 

in the definitive trial, hence a subjective measures was also used to assess PA using the 

International Physical Activity Questionnaire (IPAQ) Short Form [261].  

 

Additional outcomes  

As the intervention period was short, I considered that it was important to assess the 

psychological predictors of PA. The basis for the selection of the psychological predictors 

of PA to be measured in the study was a recent Lancet review [263] which synthesized 

9 systematic reviews of the determinants and correlates of PA in adults. I followed the 

steps described below. First, I summarised the determinants/correlates in a table 

(Appendix J). Second, if applicable, I mapped the determinants/correlates onto the COM-

B and TDF frameworks with a rationale to either measure these variables in the 

quantitative study or to explore these in the qualitative study (Appendix K). Third, for 

each of the determinants/correlates, I considered whether they could be modified in the 

intervention within the 2-week intervention period. 

 

Based on this process, the PA determinants/correlates that I selected to be measured in 

the quantitative study were self-efficacy and intentions. When I investigated other 

psychological determinants of PA, I found that different studies assess various 

psychological constructs related to PA, such as intrinsic/extrinsic motivation, optimism, 

positive and negative affect. However, a frequently measured variable I found to be used 

is the expectations of the outcomes of conducting PA [264, 265]. The measure of 

expected outcomes, defined as the belief in the likelihood that a specific behaviour will 

be followed by a particular outcome [266], is included in various social and cognitive 

models, such as Self-efficacy theory [267], Transtheoretical Model [268], and Theory of 

Planned Behaviour [102]. However, this variable was not included in the review of 
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reviews which I used to systematically select the measures for this study. This might be 

because of the different conceptualisation of the construct in various studies [269]. I 

decided it was important to include a measure of the PA outcome expectation in the 

study.  

 

Bias in selection of the reported results relates to the selective reporting of the 

outcomes and using multiple analyses of the outcome data. In this study, a protocol was 

followed. However, as the purpose of this feasibility study was to explore the most 

optimal method of assessing two apps for PA, post-hoc analyses were conducted. An 

example of this includes the exploration of the variability of the PA outcome as presented 

in the results, in section ‘Variability in the outcome measure’, in Chapter 5.  

 

In addition, issues related specifically to crossover trials were considered as described 

by the RoB 2.0 working group [270]. 

 

Carry-over relates to the effect of an intervention to produce a long-lasting 

modification, and hence crossover designs may not be appropriate in the presence of 

carry-over effects as the sequence of interventions is likely to matter. Considering the 

nature of a behaviour change interventions in this study, the carry-over effect was 

considered. 

 

The intervention period lasted two weeks as the question of the study was not to assess 

the formation of a habit using the apps but rather the potential for effectiveness. Empirical 

study assessing habit formation in different health behaviours estimated that it takes 18 

– 254 days to form a healthy habit, with simple singular behaviours, such as drinking 

more water, taking less time [271]. 
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Hence, it was considered that a two-week period would not produce a persistent 

behaviour change.  

 

Lastly, the rationale for the use of the crossover design was to mimic the behaviour of 

the user in the app store who might download multiple apps in a sequence to attempt to 

increase their PA as the statistics on app usage show that up to 90% of apps that are 

downloaded apps are used only once [147]. Most importantly, the question of whether 

the sequence of app assessment influences the outcome variables is a testable 

hypothesis which was examined in the study by assessing the period effects analysis, 

as recommended by the RoB 2.0 working group [270]. 

 

Consideration for ecological validity 

As this study aimed to explore the public health potential of PA apps, the considerations 

for external validity were emphasized. These included the focus on effectiveness rather 

than efficacy and population targeted.  

 

This study assessed the potential for effectiveness of the apps. Hence, participants were 

not provided with instruction of the frequency of the app use. They were asked to use 

the apps in a self-directed way. This was to increase the applicability of the finding to the 

“real world”. However, a sensitivity analysis was conducted including those participants 

that engaged with the app intervention. As there is no agreement on what constitutes 

minimum engagement with a digital intervention, an arbitrary measure was used which 

was derived from the data. Participants’ amount of use variable of the app in minutes (on 

the digital behaviour change intervention Engagement Scale[272]) were split by median 

and those with median or higher amount of use were defined as those that engaged with 

the intervention.  
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The population targeted in this study comprised people classed as engaging with no or 

low levels of PA as, from the public health approach, the priority is to increase PA in 

those who are inactive [273]. As described in the inclusion criteria, having a low level of 

PA was the main inclusion criterion in this study. In addition, the strategy for recruitment 

was to obtain a diverse sample in order to increase generalizability of the results. People 

with lower digital health literacy were less likely to take part in the study [274]. To improve 

access to the study for people with lower digital literacy levels, organisations that aim to 

increase digital inclusions (e.g., Doteveryone) were contacted and asked to advertise the 

study. 

 

Moreover, weather and seasonality impact level of PA [275, 276]. As the study 

commenced recruitment in January, sensitivity analysis was conducted to investigate if 

weather influenced the daily PA levels. In addition, as App B aimed to increase running 

which most participants would likely perform outdoors, the differences in PA between 

apps by weather were explored. 

 

The UK Met Office provided the data for the purpose of this analysis. Hampton Water 

Works, Heathrow, High Beach, Kenley Airfield and Northolt are the closest weather 

station in London. As only Northolt recorded the snowfall values at the time of the trial 

running, the MET Office information specialist advised to use that dataset from the 

Northolt weather station. Precipitation was classed as rain (any daily rain) versus no rain 

and snow (any daily snow) versus no snow.  

  

4.2.1 Study aims and objectives  

The aim of this study was to investigate the feasibility and acceptability of a study 

assessing two selected PA apps to inform the design of a definitive RCT, and to assess 
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the effects of the app interventions on PA. The specific objectives are presented in table 

38.  

 

Table 38: Primary and secondary objectives of Study 3 and 4  

Primary objectives To determine the feasibility and acceptability of 

the app interventions and the trial procedures  

 1. To assess recruitment and retention rates in 

the trial 

2. To determine the acceptability of the trial 

procedures and the app interventions  

Secondary objectives  To explore the potential effects of the 2 selected 

PA apps on PA and psychological outcomes 

 1. To assess the potential effects of 2 selected 

PA apps on PA  

2. To assess the difference between the effects 

of each app on PA levels  

3. To assess the change in exercise self-efficacy, 

intentions, motivation, PA outcome 

expectancy, and mood 

4. To assess usability and engagement with the 

apps  

5. To inform sample size calculation for definitive 

trial 

 

4.3 Methods  

4.3.1 Design 

The Consolidated Standards of Reporting Trials (CONSORT) guidelines for reporting 

pilot and feasibility trials and eHealth trials were used to report this study protocol [277, 

278]. 
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This study was a sequential mixed-methods feasibility study consisting of a 

randomised crossover trial (phase 1, Study 3), assessing 2 selected PA apps, and 

subsequent semi-structured interviews (phase 2, Study 4). The crossover trial allowed 

me to determine the practicality of the proposed study design, procedures and 

interventions, enabled me to explore the potential effects of the apps on PA, and 

informed the potential future definitive RCT. The study design schema (phase 1) is 

presented below (Figure 38). 

 

Figure 38: Study design schema (phase 1)  

 

 

4.3.2 Setting and population of interest 

Adults aged 18+ years who resided in London (UK) and surrounding areas were recruited 

for this study. 

 



 
 
   

189 
 

Eligibility criteria  

Inclusion Criteria  

 adults (≥18 years’ old) identified as “moderately inactive” or “inactive” using General 

Practice Physical Activity Questionnaire (GPPAQ)  

 as the use of accelerometer requires some maintenance from the researcher, it was 

necessary to include only users that reside in/around London for practical reasons 

 those owning a “smartphone”, iPhone (operating iOS 6.0 or newer) or Android 

(version 2.3.3 and up) 

 

Exclusion criteria  

 do not speak English 

 previous use of the apps of interest  

 medical conditions that require special attention when conducting PA  

 current participation in another research study that targets behaviour change  

 unwilling to use the accelerometer as per study instructions The rationale for this 

exclusion criterion is that as studies assessing digital interventions are likely to have 

high attrition rates [279, 280], only participants who were more likely to adhere to the 

study instructions were included. 

 unable to perform basic functions relating to app usage: download and/or navigate 

the app 

 one week after the study recruitment commenced, it appeared that One You Couch 

to 5K was disabled on Motorola phones and this was confirmed by the developers at 

PHE. Hence, participants that used Motorola phone model were excluded. 
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4.3.3 App selection criteria 

The selection of the apps for the assessment in the study was based on the review and 

content analysis of the most popular apps in the market where 65 apps were assessed 

(Study 1). The criteria for the app selection for the trial was based on the trial population 

and followed these sequential steps:  

1) The apps that might be appropriate for those who engage in no or low PA were 

included. Based on this criterion, 17 app were excluded. The examples of the 

apps that were excluded were running programmes that prepare for 10 km runs 

or longer runs; apps that target bodybuilding using various equipment; interval 

timer apps as these do not provide PA content but only enable the user to time 

their personal workouts. 

2) There were five app types identified in the review and content (see section ‘Type 

of PA apps’, Chapter 2). Running programmes and workout apps were 

considered for evaluation in this study. The rationale was that these apps provide 

specific instructions on how to perform the PA and often include demonstrations. 

As such, they require no prior knowledge of PA which is most suitable for those 

that engage in low levels of PA.  

3) Apps had to be available on both iTunes and GP to be considered for the trial. 

The workouts and running programmes were then sorted according to the 

number of BCTs in the apps. The app with the most BCTs from the workout apps 

was 7 Minute Workout Challenge by Fitness Guide Inc., and the running 

programme with the most BCTs was One You Couch to 5k by PHE. Both apps 

provide one type of PA session (as opposed to different PA options) and thus 

would be appropriate for the assessment of the same PA behaviour in all 

participants in this study. Hence, these two apps were selected to be assessed 

in this study.  
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4.3.4 Interventions 

Template for Intervention Description and Replication (TIDieR) [281] was used to 

describe the interventions: App A: Workout app (7 Minute Workout Challenge 7 Minute 

Workout Challenge by Fitness Guide Inc.) and App B: Running programme app (One 

You Couch to 5k by PHE), Table 39. 
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Table 39: TIDieR template for the study interventions 

1. Brief name 7 Minute Workout Challenge by Fitness Guide Inc. One You Couch to 5k by PHE 

2. Why The app combines aerobic and resistance training into 
short, 7 minute HIIT targeting the whole body. 

Developers of the app cite the research of Klika and 
Jordan [185] as the rationale for the 12 exercises 
included in the app intervention 
 

The goal of the app intervention is to get a user who is 
inactive to run 30 min (equivalent to around 5 km) after 9 
weeks of training. The goal is achieved by incremental 
increases in walking to running ratio 

3. What – 
material 

The content of the app is described using the major features (described in section ‘App features and mapping of the 

features and the BCTs’, Chapter 2) and the BCT Taxonomy (v1) [168] 
 Major features of the apps include: Reminders, Logs, 

Automatic tracking, PA education in a variety of formats, 
Gamification 

BCT name   Evidence  

1.1 Goal setting ++ The exercises are defined 
and set for the user 

2.2 Feedback on 
behaviour 

++ The calendar records the 
exercises done  

2.4 Self-
monitoring of 
outcome(s) of 
behaviour 

++ The option to record and 
track the weight changes  

2.7 Feedback on 
outcome(s) 
of behaviour 

++ The graph shows weight 
change (inputted by the 
user) 

4.1 Instruction on 
how to perform 
the behaviour  

++ The exercises are 
explained in text and audio 

Major features of the apps include: Reminders, Logs, 
Automatic tracking, PA education in a variety of formats 

BCT name   Evidence  

1.1 Goal setting 

(behaviour) 

++ The goal is set for 30 min 

session  

1.4 Action 

planning 

++ Action plan includes 3 
sessions per week for 9 
weeks  

2.2 Feedback on 

behaviour  

+ Audio couch informs when 
each running session is 
complete  

4.1 Instruction on 

how to perform 

the behaviour 

++ Audio coach instructions 
while walking/running; 
written tips and advice 
section 

5.1 Information 

about health 

consequences 

++ Tips and advice section 

includes a description of 

the health benefits 
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5.1 Information 
about health 
consequences 

++ The introduction details 
some possible health 
benefits 

6.1 
Demonstration of 
the behaviour  

++ The exercises are shown 
as videos and graphs 

7.1 Prompts/cues ++ Reminders to perform the 
PA 

9.1 Credible 
source 

++ The introduction specifies 
that the app is based on 
reviewed scientific 
research with a link to the 
study 

10.4 Social 
reward 

++ The audio provides 
encouragement and 
praise, “Workout complete. 
Congratulations"  

10.1 Material 
incentive 
(behaviour) 

++ The bonus packs of 
exercise that costs money 
would be free if behaviour 
was performed (this is 
measured through the 
achievements) 

 
Example screenshots of the circuit session 

 5.6 Information 

about emotional 

consequences 

++ Tips and advice section 
includes a description of 
the benefits “to the mind” 

6.2 Social 

comparison 

+ Tips and advice section 
includes a “success 
stories” 

9.1 Credible 

source 

++ App developed by PHE 

10.4 Social 

reward 

++ Verbal encouragement 
from the audio coach after 
finishing the session 

2.2 Feedback on 

behaviour  

+ Audio couch informs when 
each running session is 
complete  

10.5 Social 

incentive 

  Audio coach encourages 

before the running 

session, e.g., "You can do 

it!"  

12.1 

Restructuring the 

physical 

environment  

++ Audio coach advices of the 
possible changes to the 
environment if the exercise 
gets monotonous: “it’s 7th 
week and the running 
might get a bit 
monotonous. There are a 
few things you could do. 
Maybe if you run on a 
treadmill try to run outside 
or if you already run 
outside, try to change the 
route” 
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12.2 

Restructuring the 

social 

environment  

+ The audio coach says: 
"Also, you may try to find a 
buddy to run with" 

 
Example screenshot of the running session  

 
4. What – 
procedures 

Through video and audio instructions the user is 
instructed which and for how long to perform the 
exercises during the workout 

Through audio instructions the user is instructed when to 
walk and when to run during the workout 

5. Who 
provided 

Fitness Guide Inc. PHE  

6. How Fully automated app-based  Fully automated app-based 

7. Where The workout targeted in the app can be performed 
anywhere with an access to a wall and raised surface as 
the workout uses body weight  

As it involves alternate walking and running, the workout 
session will most likely be performed outdoors 

8. When and 
how much 

The app instruction does not specify the time and 
frequency of the workout. The instruction within the app 

The app programme is spaced through 9 weeks and 3 
sessions per week are recommended. Each session 
lasts 30 min 
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suggests to conduct the 7 min circuit “2-3 times if time 
allows” 

9. Tailoring The workout can be tailored by changing the duration of 
the exercises and the rest time, by customising the order 
of the circuit and by setting the order of exercise to 
“random” 

The voice of the coach can be chosen from 5 options of 
public figures 

10. 
Modifications 

The apps were monitored during the duration of the study and no changes were made to the features of the apps 

11. How well 
– planned 

The instructions provided to the participants were to use the app in a self-directed way  

12. How well 
– actual  

The intervention usage was one of the outcomes of the study 
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4.3.5 Procedures  

Recruitment 

Participants were recruited through posters displayed in public areas and through the 

website callforparticipants.com, and social media. Interested participants accessed the 

study website (managed using Qualtrics) through the link provided in the study 

advertisements (See Appendix L for the study material). The website included the 

participant information sheet (PIS), the screening questionnaire, and the consent form. 

Participants who fulfilled the inclusion criteria were asked to provide electronic written 

consent. The researcher contacted the study participants immediately after receiving the 

consent to schedule the baseline assessment. 

 

Data collection  

Data were collected face-to-face at baseline. Post-baseline (week 1), and follow ups at 

3 and 5 weeks were conducted online using Qualtrics. Participants used the 

accelerometer for 7 days to assess the baseline PA level, and then at week 3, and 5.  

 

Randomisation  

Following completion of the baseline 1 week assessment of the accelerometer-

measured PA and post-baseline questionnaire, participants were randomised to one of 

the two app assessment sequences (App A first, then B or App B first, then A). The 

randomization code was developed using a computer random number generator to 

select random permuted blocks of size 4. The investigator requested each randomisation 

assignment at the time of randomisation and did not have access to the whole list 

managed by AS.  

 

Each app was used by participants for two weeks each. Participants received a short 

instruction with a link to the first app (based on randomisation sequence) and were asked 
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to use the apps in a self-directed way with an aim to increase their PA level. No 

instruction of the frequency of usage was provided as this trial aimed to mimic the “real-

world” conditions.  

 

At the end of the study, participants received £20 as an incentive for participation and to 

encourage completion of the study measures. In addition, each participant was 

reimbursed £3 for downloading of app A. The provision of the reward was not dependent 

on the usage of the app as exploring the adoption of the app into the users’ daily routines 

is one of the objectives of the qualitative component of this study (phase 2, study 4). 

4.3.6 Measures  

Socio-demographic characteristics of age, gender (male/female), ethnicity, country of 

birth and years lived in the UK, relationship status, highest education level, employment 

status, and household income were measured. These particular measures were used as 

they have been shown to be determinants / correlates of PA [263] (Appendix J). 

 

The participant’s main motivation for attempting to increase PA was measured with one 

question: ‘What is the main reason you want to increase your PA? Appearance (e.g. 

improve body shape); Competence (e.g. obtain new skills, to challenge oneself); Fitness 

(e.g. improve physical health, well-being); Other, specify; I don’t want to increase my 

PA.’ The goal of this question was to assess the source of the motivation 

(extrinsic/intrinsic) as there is evidence of different outcomes for these two types of 

motivation [246, 247]. As no one-question assessment was found in the research 
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literature, this question was designed by the investigator to assess the baseline 

difference in the motivation between the groups.  

4.3.6.1 Open-ended questions  

Two open-ended questions were used in the study. The first was dependent on whether 

the participants indicated they had downloaded apps for PA before. When answered in 

the affirmative, the open-ended questions asked what kind of PA was targeted in the 

previous apps. The second question asked about the expectations from the app 

interventions.  

4.3.6.2 Objective PA assessment using accelerometer 

Participants wore a GT3X+ accelerometer (actiGraph, Pensacola, Florida) on an 

elasticated belt over the right hip for 21 days (7 days each at baseline, week 3, week 5). 

Participants were asked to wear the device during their waking hours except for water-

based activities.  

 

Daily PA count was used as the primary outcome to measure the effects of apps on PA. 

It was operationalised as Axis 1 Counts Per Minute (CPM) for Axis 1 (Y-Axis) in the 

Actilife software. This measure is calculated by summing all Axis 1 Counts and then 

dividing by the total number of minutes recorded by the device. This value can be 

interpreted as the average counts for each minute on Axis 1. 

 

In addition, as this was a feasibility trial exploring the most appropriate measures for the 

definitive trial, other PA outcomes were explore, specifically: MVPA, light, moderate, 

vigorous, sedentary behaviour, step count, and 20% increase in MVPA. 
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Wear and non-wear time definitions 

In this study, the wear time of a minimum of 480 min (at least 8 h per day), for at least 3 

days was required. This method was used in previous studies [282-285]. Non-wear time 

was defined as a continuous string of zeros for >90 min, with artifactual movement 

tolerance of 2 min (small spikes of non-zero activity lasting up to 2 min within the 90 min 

period). If 30 min before and after the spike showed consecutive zeros within those 90 

min, this period was considered as non-wear time. This algorithm is designed to 

accommodate any accidental movement (artifactual movement) of the device. This 

definition has been validated and widely used in PA research [286]. 

 

Epoch length 

There are no data on the influence of the epoch length (i.e., accelerometer time-sampling 

intervals) on the accuracy of accelerometry output data in adult population. In children, 

Aibar, Bois [287] found that smaller epoch lengths had influence on the granularity of the 

measure, suggesting the use of shorter (3-15 seconds) epoch lengths to make the 

measure more accurate. For this study, the raw data collected were integrated into 5s 

epochs. 

 

Data processing  

Data were processed using Actilife software (version 6.13.3, actiGraph, LLC). 

Freedson’s cut-off points [288] ,i.e., the thresholds that categorise the CPM into PA 

intensities were used to define time spent in sedentary (0 -99 CPM), light (100 - 1951 

CPM), moderate (1952 - 5724 CPM), Vigorous: (5725 - 9498 CPM).  

 

The secondary outcomes were self-reported PA, psychological outcomes: ESE, 

intentions, PA outcome expectancy and mood. 
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4.3.6.3 Self-reported physical activity  

Self-reported PA was assessed using the International Physical Activity Questionnaire 

(IPAQ) Short Form [261] which includes 9 items assessing walking, moderate, vigorous 

PA, and SB. 

 

The score for IPAQ is expressed in METs. MET-minutes are computed by multiplying 

the METs of specific behaviours by the minutes performed (METs are described in the 

Introduction Chapter). The IPAQ processing guidelines were followed to generate total 

time spent in PA, SB (min/week), moderate, vigorous, walking and total PA (in MET-

min/week) [289].  

4.3.6.4 Psychological measures: Exercise self-efficacy, intentions, PA outcome 

expectancy 

Outcome expectancy (OE) 

The expected outcomes were measured using the Expected Outcomes for Physical 

Activity scale [290] which includes 12 items asking participant to record their level of 

agreement with the statements on a 5-point scale from 1(strongly disagree) to 5 (strongly 

agree). Higher average scores indicate higher perceived benefits of PA.  

 

Exercise intentions 

Exercise intention was measured by two items using a 7-point scale as recommended 

by Ajzen (2002) from 1 (strongly disagree) to 7 (strongly agree) with higher average 

scores indicating stronger intention to perform PA. 

 

Exercise self-efficacy (ESE) 

Self-efficacy was measured using the Self-Efficacy to Regulate Exercise questionnaire 

which included 18 items asking participants about their confidence in conducting PA in 

various contexts. The measures range from 0% to 100% confidence with a 10-unit 
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interval [291].The average for the measure is calculated and higher scores indicate 

higher confidence in conducting PA.  

 

Mood 

There is a bi-directional relationship between PA and affective states [292, 293]. In 

addition, mood is a state rather than a trait; it is prone to fluctuation [294-296]. Hence, to 

consider the impact of mood variations on PA, in this study, the mood state was 

measured using the Ecological Momentary Assessment (EMA). This instrument 

conducts real-time data collection in the natural environment of the participants. Mood 

during the study was assessed to investigate the acceptability of using such measure, to 

assess the average mood throughout the study, and to assess the relationship between 

the physical activity and mood. 

 

PACO by Google, an open source app-based software was used to collect mood state. 

Signal-contingent sampling was used where prompts were sent to participants at random 

times between 9am and 20:15pm (unless the participant specified otherwise) by asking 

the question: “How is your mood right now?” and recording the response using visuals 

of facial expressions from sad (1) to happy (5). Data were collected during 3 weeks of 

the 5 week trial (baseline, week 3, week 5). In total there were 42 assessments for each 

participant (21 days x 2 per day).  

 

Usability 

The measure used to operationalise usability was the SUS [161] which consists of 10 

items that are ranked on a 5-point Likert scale which yields a score from 0-100. This 

measure was used in Study 1 of this thesis as one of the measures to assess the quality 

of user experience of popular PA apps (See section ‘SUS’, Chapter 2) 
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User ratings  

Participants were asked to award 1 to 5 stars to the apps to mimic the app stores ratings. 

This variable was extracted and used to characterise user experience in Study 1 (See 

section ‘User ratings’, Chapter 2). 

Engagement  

Engagement with apps was assessed using the digital behaviour change intervention 

(DBCI) Engagement Scale [272]. The measure consists of 3 components assessing 

experiential items scored on a scale from 1-7, the amount of use asking the participants 

to report the time spent on using the apps (in min), and depth of use which is reported 

as the proportion of the app components used by the participants. In this study, there 

was a maximum of 8 components for App A (Introduction, Exercise list, Begin workout, 

Activity calendar, Results tracker, Achievements, Extra workouts, Reminders) and 5 for 

App B (My runs, Choice of coach, Reminder option, Support section, Additional 

resources). In addition, a total engagement score can be assessed combining these 3 

components. However, the time to complete one session for App A and B differed (7 min 

versus 30 min, for App A and B respectively) and hence, the apps were not comparable, 

the total score for app engagement was not assessed. 

 

4.3.6.4.1 Data gathered to facilitate the interviews (Study 4) 

 

App usage  

Participants were asked to send the screenshots of the app feature that showed the 

completed PA sessions (Activity calendar for App A and My runs for App B) to ensure 

that the app was downloaded and so that the researcher could see the engagement with 

the app. These screenshots were utilised to prompt participants during the data-

prompted interviews.  
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In addition, diaries were used to record any experiences of adapting the app into the 

users’ daily routines (various media: text, photography, audio and video recordings). 

These diaries were used to explore the experiences of using PA apps in the qualitative 

component of this study (phase 2). 

Table 40 below summarises the measures used in the study specifying the time point of 

the assessment.  

 

 

Table 40: Summary of data collection at different data collection points 

 Baseline 
Post-

baseline 

Week 3 

and 5 

Socio-demographic data  

Age    

Gender    

Ethnicity    

Relationship status    

Highest education level    

Employment status     

Household income    

PA  

 actiGraph GT3X+ 21 days (week 1, 3, 5) 

International Physical Activity Questionnaire     

Psychological outcomes  

Exercise intentions    

Expected Outcomes for Physical Activity    

Exercise self-efficacy    
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Ecological Momentary Assessment of mood Twice a day throughout the study 

App-specific measures    

System Usability Scale     

Engagement Scale     

Experience of using the apps   

Multimedia diary data  ad hoc, at participants’ 

convenience 

  

4.3.6.4.2 Assessment of the stability of the pre-intervention baseline 

 

The differences between the baseline and post-baseline self-reported outcomes were 

assessed to determine if the relevant variables were already changing as an effect of 

merely taking part in a study. The act of answering questions about a behaviour, or 

knowing that the behaviour is being recorded by an accelerometer may change the 

behaviour without the introduction of the intervention, known as the mere measurement 

effect, reactivity of assessment [297, 298] or Hawthorne effect [299]. 

 

4.3.7 Outcomes 

The outcomes to assess feasibility, acceptability, and the potential effects of the apps 

are listed below.  

 

4.3.7.1 Feasibility and acceptability 

1. Recruitment rates as a percentage of eligible participants (i.e., completed 

screening questionnaire and signed the electronic consent form), number of 

participants enrolled and randomised (met with the researcher for the baseline 

assessment)  
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2. Retention measured by adherence to wearing the accelerometer on at least 3/7 

days of each data collection period and completeness of follow-up questionnaire 

data at post-baseline, 3 and 5 weeks’ follow up  

3. Acceptability of the trial procedures (randomising participants to apps, data 

collection methods) and the interventions was also assessed in the semi-

structured interviews following the completion of the trial (Study 4) 

 

4.3.7.2 Potential effects of the interventions on behavioural and psychological 

outcomes, and usability of and engagement with the apps 

 

The outcomes to assess the potential effects of the apps were: 

 

1. Change from baseline to 3 weeks follow up in objectively measured PA: daily PA 

count (vertical count acceleration, CPM), MVPA, light, moderate, vigorous, SB, 

step count 

2. The proportion of participants that increased their time in MVPA by 20% from 

baseline  

3. Change from baseline to 3 weeks follow up in self-reported: 

- PA 

- Expected outcomes 

- Exercise intentions 

- ESE 

- Mood 

4. The difference in change between the two apps  

5. Usability and user ratings of the apps  

6. Engagement with the apps  
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The primary outcome to assess the potential effects of the apps on behaviour was daily 

PA count, and was measured using accelerometer.  

 

A continuous outcome was selected because it was the most powerful to represent the 

potential population impact. In addition, there is evidence that even a small increase in 

PA is beneficial to health [57]. As this was as feasibility study and given there was likely 

to be substantial variability in PA outcome, it was of interest to also explore a categorical 

outcome. 20% increase in MVPA was a pragmatic choice based on a conversation with 

PA expert (B. Jefferis, personal communication, September 11, 2017) exploring the 

options for a meaningful dichotomous outcome.  

4.3.7.3 Sensitivity analyses 

Analysis was conducted including those participants that engaged with the app 

intervention defined as those below and above the median measured using the DBCI 

Engagement Scale variable amount of use of the app in minutes. 

 

Analysis of the potential influence of weather on PA was investigated. Specifically, the 

potential impact of the temperature, rain and snowfall were assessed.  

 

Axis 1 CPM was chosen as, in most of the literature using accelerometer data, the y-axis 

(axis 1, vertical axis pointing up) was predominantly used to capture PA. This is because 

the earlier generation of devices had the technology to capture data on only one axis. 

However, in more recent years the technology enables the use of triaxial accelerometers 

for which the outcome is vector magnitude, and hence sensitivity analysis was run on 

the vector magnitude CPM. 
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Lastly, post-hoc sensitivity analyses were conducted based on the results. These were 

not planned but conducted as needed. These included the log transformation of the IPAQ 

measure due to the skew of several PA variables and outliers in the OE measurement. 

4.3.8 Ethical approval  

This protocol and related documents were submitted for review to University College 

London’s Research Ethics Committee. Following the UK Data Protection Act 1998, any 

documents containing participants’ identifiable information were kept in a locked cabinet 

at the department of Primary Care and Population Health, UCL. Those documents were 

kept separate from other research data in order to ensure confidentiality and information 

security.  

In addition, audio recordings of the interviews (Study 4) intentionally did not record 

participants’ names and personal information. Audio files were given a code number not 

linking them to the names of the participants and they were kept in UCL electronic Data 

Safe Haven. The data were transcribed by a professional transcriber. All data were 

anonymised, and no identifying data were reported. Transcripts were kept in a secure 

location and only I had access to these files. 

4.3.9 Summary of Patient and Public Involvement  

The patient and public involvement (PPI) representatives included a 50-year-old woman, 

and a 55-year-old man. Both resided in London and engaged in little PA. They reviewed 

the proposed design of the study. They reviewed the study materials (PIS, online study 

advertisements). They also provided some valuable feedback on the topic guide 

development for the qualitative study 4 to ensure the questions were relevant, and the 

language used was comprehensible and jargon-free. They also assisted with the 

interpretation of the results.  
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4.3.10 Sample size  

This study was not powered to detect a difference in effectiveness between the 

interventions. As the primary goal of the study was feasibility, the sample size of 60 

participants was selected based on resource considerations and formal sample size 

calculations were not undertaken to inform this choice. The National Institute for Health 

recommends a sample size of 30 in each arm as a pragmatic rule [300] for feasibility 

studies, and this recommendation was the main factor in selecting the sample size. 

4.3.11 Analysis  

The analyses were performed using the ITT population. While this study provides 

statistical analysis of the endpoints collected, there was no formal hypothesis testing, 

and so no type 1 error allocated in the design of the study for inferential analysis (to 

control the rate of false-positive results). In consequence, these results are intended for 

hypothesis generation and to support planning for future studies. No statistical inference 

should be drawn from these findings, and statistical tests (p-values) should be interpreted 

as descriptive. 

 

Descriptive statistics were used to report the socio-demographics and other 

characteristics of the participants, recruitment, retention rates, mood, and app-specific 

characteristics: usability, user ratings and engagement. Student’s t-test for 

independent samples, the Wilcoxon Rank-Sum test and the chi-squared or Fisher’s 

exact test were used to compare baseline characteristics and other single-participant 

measures. 

  

The paired Student’s t-test was used to compare the difference between continuous 

and relatively normally distributed variables: usability for App A and B, star ratings and 

engagement.  
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Wilcoxon Signed Rank rest was used to assess the difference in the baseline and post-

baseline (week 1), and the difference in PA count change for high versus low mood. 

 

The two open-ended question responses were re-coded according to the similarity of 

the content to identify themes in the responses. Following this classification, the 

themes and frequency of the responses were generated using NVivo. 

 

Recent randomised crossover trials in behavioural interventions were used to guide the 

analysis approach [301]. The primary endpoint for the study was the change from 

baseline in the objective measure of PA (accelerometer). The primary effectiveness 

analysis compared the difference in the intra-participant changes from baseline to the 

period in which the participant was using the first assigned app (Period 1). This endpoint 

was assessed using a mixed model for repeated measures including fixed effects for 

period and baseline activity, and a random effect for app (App A or App B). This is similar 

to an ANOVA model that accounts for two different measurements (one from each 

period) for the same participant. 

 

The proportions and CIs for patients achieving 20% or greater increase in MVPA were 

calculated.  

 

A secondary question of interest was whether there was any difference in change in PA 

across the apps. This endpoint was analysed using a mixed model for repeated 

measures including baseline PA, app (App A or App B), period, and the app x period 

interaction as fixed effects. 

 

As a sensitivity analysis to assess the relationship between PA and weather, a mixed 

model for repeated measures was run including fixed effect for app and weather 
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variables (any rain and any snow as binary variables and continuous mean temperature) 

with daily PA count as the dependent variable. The app-by-weather interactions for rain 

and snow were also tested to determine whether the relationship between app and daily 

PA was impacted by weather. 

 

In conclusion, in this Chapter I described the processes of selecting the study design 

and methods. In the next Chapter I describe the results and discussion of this crossover 

feasibility trial of two apps.   
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CHAPTER 5. Results and discussion: the feasibility and 

acceptability of a randomised crossover trial assessing two 

popular physical activity apps  

 

5.1 Chapter overview  

This chapter reports on the results and discusses the findings of the quantitative 

component of this feasibility crossover trial of two popular apps on the market.  

5.2 Results 

Participants were consented between 15th of January and 13th of April 2018 with the 

final follow-up conducted on 19 of May. See Figure 39 for CONSORT participant flow 

diagram [277]. The recruitment ended after 66 participants were enrolled to the study 

and completed the baseline assessment.   
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Figure 39: Flowchart for recruitment and retention to the crossover trial 

 

Adapted from the CONSORT guidelines Schulz, Altman [302] 

Note: Instances of protocol violation were: 10 participants did not adhere to the 

accelerometer wear protocol, 1 participant did not download the app. 

 

5.2.1 Baseline characteristics  

Participant characteristics at baseline are presented in Table 41. The mean age was 

31.1 years, and 42/66 (63.6%) were women. Twenty three of 66 (34.8 %) described 

themselves as non-White and 48 (72.7 %) were born in the UK. The majority of 

participants were single (39/66, 59.1%). Less than half of participants completed 

postgraduate education (29/66, 43.9%). Twenty eight of 66 of participants were in full 

time employment (42.4%) and 19/66 (28.8%) were in full time education. Two 

participants were retired, 2 were self-employed, and 4 were unemployed. The most 

frequently reported range of monthly household income was £1,001 - £3,000 reported 

by 30/66 participants (45.5%). The majority of participants (65.2%) had downloaded a 
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PA app before. Most of the participants had not downloaded running programme-type 

apps or HIIT-type apps before (58/66, 87.9% and 63/66, 95.5%, respectively). Fifty one 

of 66 (77.3%) had never used a wearable device to measure their PA. Of 15 participants 

who reported previous use of a wearable device, 9 reported using it regularly. None of 

the participants were taking part in another study. Fitness was the most common main 

motivator with 44/66 (66.7%) participants reporting increasing their fitness as their main 

motivator for attempting to increase PA. The second most common motivator was 

appearance (29/66, 43.9%). Competence was not frequently reported as a motivator 

(8/66, 12.1%). One participant mentioned another motivator which was to “have better 

well-being”. 

 

Table 41: Baseline characteristics of the sample (n=66) 

 Baseline characteristics 

 

 

App A first 

 (n=33) 

App B first 

 (n=33) 

 All    

(n=66) 

Age (years) Mean ± SD 29.5 ± 10.4 32.7 ± 12.1 31.1 (11.4) 

 

Gender (N,%) Female 22 (66.7) 20 (60.6) 42 (63.6) 

 Male 11 (33.3) 13 (39.4) 24 (36.4) 

 

Ethnicity (N,%) Asian 5 (15.2) 8 (24.2) 13 (19.7) 

 Black 3 (9.1) 0 (0.0) 3 (4.6) 

 Mixed 2 (6.1) 3 (9.1) 5 (7.6) 

 White 22 (66.7) 21 (63.6) 43 (65.2) 

 Other 1 (3.0) 1 (3.0) 2 (3.0) 

 

Duration in the UK 

(years) 

Mean ± SD 6.67 ± 3.79 10.1 ± 13.5 3.5 (7.8) 

 

Relationship (N,%) Single 20 (60.6) 19 (57.6) 39 (59.1) 

 In a relationship 13 (39.4) 12 (36.4) 25 (37.9) 

 Separated 0 (0.0) 2 (6.1) 2 (3.0) 
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 Baseline characteristics 

 

 

App A first 

 (n=33) 

App B first 

 (n=33) 

 All    

(n=66) 

 

Education (N,%) Postgraduate  15(42.4) 15 (45.4) 29 (43.9) 

 Undergraduate 12 (36.4) 7 (21.2) 19 (28.8) 

 Primary/secondar

y/college 

7 (21.2) 11 (33.3) 18 (27.3) 

 

Occupation (N,%) Full-time 

education 

9 (27.3) 10 (30.3) 19 (28.8) 

 Full-time 

employment 

16 (48.5) 12 (36.4) 28 (42.4) 

 Part-time 

employment 

3 (9.1) 4 (12.1) 7 (10.6) 

 Retired 1 (3.0) 1 (3.0) 2 (3.0) 

 Self-employed 0 (0.0) 2 (6.1) 2 (3.0) 

 Unemployed 2 (6.1) 2 (6.1) 4 (6.1) 

 Other 2 (6.1) 2 (6.1) 4 (6.1) 

Household income 

(monthly, N,%) 

Under £1,000 2 (6.1) 4 (12.1) 6 (9.1) 

 £1,001 - £3,000 17 (51.5) 13 (39.4) 30 (45.5) 

 >£3,000 11 (33.3) 11 (33.3) 22 (33.3) 

 Not applicable 3 (9.1) 5 (15.2) 8 (12.1) 

 

Downloaded PA 

apps before (N,%) 

Yes 21 (63.6) 22 (66.7) 43 (65.2) 

 No 12 (36.4) 11 (33.3) 23 (34.9) 

 

Nr of apps 

downloaded before 

(N,%) 

0 12 (36.4) 11 (33.3) 23 (34.9) 

 1 10 (30.3) 11 (33.3) 21 (31.8) 

 2 7 (21.2) 5 (15.2) 12 (18.2) 

 3 2 (6.1) 4 (12.1) 6 (9.1) 

 ≥4 2 (6.1) 2 (6.1) 4 (6.1) 

 

Downloaded 

running 

programme-type 

app before (N,%) 

Yes 5 (15.2) 3 (9.1) 8 (12.1) 
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 Baseline characteristics 

 

 

App A first 

 (n=33) 

App B first 

 (n=33) 

 All    

(n=66) 

 No 28 (84.8) 30 (90.9) 58 (87.9) 

 

Downloaded HIIT-

type app before 

(N,%) 

Yes 1 (3.0) 2 (6.1) 3 (4.6) 

 No 32 (97.0) 31 (93.9) 63 (95.5) 

 

Used wearables 

before (N,%) 

Yes 5 (15.2) 10 (30.3) 15 (22.7) 

 No 28 (84.8) 23 (69.7) 51 (77.3) 

 

Use wearable 

regularly (N,%) 

Yes 3 (9.1) 6 (18.2) 9 (86.4) 

 No 30 (90.9) 27 (81.8) 57 (13.6) 

 

Taking part in 

another study 

(N,%) 

No 33 (100.0) 33 (100.0) 66 33 (100.0) 

Main motivators for 

increasing PA 

(N,%): 

Appearance     

 Yes 18 (54.6) 11(33.3) 29(43.9) 

 No 15(45.5) 22(66.7) 37(56.1) 

 Competence     

 Yes 28 (84.9) 3 (9.1) 8(12.1) 

 No 5 (15.2) 30 (90.9) 58 (87.9) 

 Fitness     

 Yes 18 (57.6) 25 (75.8) 44 (66.7)  

 No 14 (42.4) 8 (24.2) 22 (33.3)  

 Other     

 Yes 1(3) 0 1 (1.5)  

 No 32 (97.0) 33 (100.0) 65 (98.5)  
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5.2.1.1 Expectations from the app interventions  

The word cloud of the original participants’ responses to the open-ended question (the 

more frequent words used to describe expectations represent larger font) is presented 

in Figure 40. The responses were re-coded according to the similarity of their content to 

establish the frequency of responses. For example, participants’ responses “to improve 

my physical condition” and “I can get fit” were re-coded to “improve fitness”; responses: 

“keeping data of workout” and “data (steps, calories, heart rate)” were re-coded “to 

monitor the activity”; and response “some guidance, a framework and overview of past 

activity” was re-coded into 3 expectations: 1. guide, 2. track activity, 3. feedback on 

activity.  

Subsequently, participants’ responses were grouped into themes. Table 42 presents the 

themes from the open-ended question asking about the expectations from the app 

interventions. The themes that emerged from the data referred to what the participants 

expected the app to do (the “what”) and how the apps were expected to help with the PA 

(the “how”).  

5.2.1.1.1 Expectation of the “what” 

The themes that emerged relating to the expectations of what the apps would provide 

were described using the stages of the process of performing PA. Firstly, before the 

behaviour can occur, there needs to be a motivation to engage in PA. Increasing 

motivation was the most common response with 26 participants expecting the apps to 

motivate them to do PA (as visualised in Figure 40). The frequency of the motivation 

expected from participants taking part in this study is manifested in the word cloud of the 

frequency of responses (Figure 40). Secondly, the content of the app, specifically the 

provision of PA guidance, knowledge and expertise was reported as a frequent 

expectation from the app. Third, after increase in motivation and provision of content, 

establishing a routine and setting goals was an expectation reported frequently, and 
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fourthly, once a routine is set, help with the adherence to this routine was expected from 

the apps. Lowest in frequency were participants’ responses related to their various 

anticipations to achieve an increase in PA (and/or reach targets and goals), and achieve 

outcomes (e.g., lose weight, improve health, increase energy). 

5.2.1.1.2 Expectation of the “how” 

Three themes emerged relating to the expectations of how the apps would address PA. 

First, participants expected the apps to track (monitor, feedback) the activity itself and 

the outcomes of the activity (e.g., fitness, calories burnt, and achievements). Second, 

there were expectations that there would be reminders in place to prompt the participants 

to engage in PA. Lastly, some participants expected some digital rewards for their 

progress.  

Figure 40: Word cloud representing the most frequently words used by the participants 

to describe their expectations of the app interventions. 
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Table 42: The 8 themes that emerged to the responses to the open-ended question: 

What do you expect from the apps? 

Themes 
Re-coded responses clustered under the 
theme 

The what 

1. Motivate 
motivate (26), to encourage me to do 
exercise (3), not give up so easily, help with 
self-discipline 

2. Provide 
guidance/knowledge/expertise 

provide information/ knowledge/expertise 
(4), guide (3), new exercise ideas, original 
and new stuff, give me tips 

3. Establish activity routine/goals  
set goals/targets (5), set a routine (4), 
exercise plan, to help in structuring fitness 
activity 

4. Achieve an increase in 
activity/achieve goals  

increase exercise (8), achieve goals, 
goals/targets 

5. Achieve outcomes  

lose weight (3), Improve/boost fitness (3), 
improve/increase health (2), get fit (2) 
overall well-being, increase energy, increase 
strength 

6. Adhere to a routine/goals  
to adhere to an activity routine (3), to build a 
habit,  
regular exercise  

The how 

7. Tracking of activity/outcomes of 
activity 

track activity (13), to track progress (5), to 
monitor activity (3), to feedback on activity 
(2), to track calories burnt, monitor fitness 
level, monitor exercise level, to track 
achievements, to track diet, provide 
feedback on goal achievement  

8. Reminders 
to remind (5), to prompt (2), reminder if I am 
underperforming 

9. Rewards  to reward (4) 



 
 
   

 219 

 

5.2.1.2 Previous PA app usage  

Forty-three out of 66 (65.2%) participants reported that they had downloaded PA apps 

previously.  

The responses to the open-ended question asking participants what PA was targeted in 

the apps they have downloaded previously were first re-coded according to the similarity 

of the content to establish the frequency of responses. Table 43 presents the type and 

the frequency of the PA apps downloaded prior to taking part in the trial.  

 

The most common type of PA app reported were those that targeted running (24 apps), 

followed by a workout (14), and walking. General activity trackers were downloaded 4 

times in the sample of participants in this study. Within the “Other” category, 1 app was 

event based: “outside walking/running which raised money for charity”, and another 

targeted weight loss but the PA targeted was not reported.  

 

Table 43: The type and the frequency of the PA apps downloaded prior to taking part in 

the trial  

PA targeted Nr of 

responses 

Running 24 

Workout 14 

Walking 9 

Activity tracking 4 

Yoga 3 

Gym-based app 3 

Pilates 2 

Weight lifting 2 

Cycling 2 

Other 2 

Total number of PA 

apps downloaded 

65 
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5.2.2 Outcomes  

 

5.2.2.1 Feasibility and acceptability 

The qualitative phase of the trial exploring acceptability of the trial procedures and the 

interventions (randomising participants to apps, data collection methods) is presented in 

Study 4 (section ‘Acceptability of the trial design and procedures’, Chapter 6). 

 

5.2.2.1.1 Recruitment and retention rates  

Recruitment rates  

Two hundred nine people accessed the screening questionnaire. Out of 104 participants 

who were eligible and consented, 63.5% (66/104) were enrolled and randomised. 

 

Retention in the trial 

Completeness of accelerometer data 

Over three-quarters (52/66; 78.8%) of participants provided valid accelerometer data (≥3 

days of data with ≥480 min each day) for the baseline and at least one of the intervention 

periods. Eleven participants provided no 2nd app period data, 1 had no 1st app 

assessment data, and 14 participants did not provide sufficient data. Of these 14 

participants, 2 were cases where participants were excluded from accelerometer 

analyses after randomisation as their device was not compatible with app B. 

 

Completeness of follow up questionnaire data 

The post–baseline questionnaire was completed by 61/66 (92.4%) of participants. For 

51/66 (77.3%) of participants complete 3 weeks follow up data were available, and 52/66 

(78.8%) of data were available for 5 week follow up.  
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The qualitative phase of the trial exploring the acceptability of the trial procedures and 

the interventions (randomising participants to apps, data collection methods) is 

presented in Study 4 (section ‘Acceptability of the trial design and procedures’, Chapter 

6). 

 

5.2.2.2 The effects of the apps on objectively measured PA, self-reported PA, and 

psychological outcomes  

5.2.2.2.1 The stability of the pre-intervention baseline  

Due to technical issues with the Qualtrics software, two items in the questionnaire were 

not recorded correctly: the 12th item in the OE scale for the baseline assessment and 

item 18 on the ESE scale for the follow up assessments. The convention in patient 

reported outcomes is that a score can be calculated when greater than 50% of items are 

non-missing [303, 304]. Although the manuals for the instruments used in this study do 

not explicitly give guidelines for missing data, applying this rule was preferable to not 

performing the analysis. Because the missingness was administrative, this is a rare case 

where the missing data are guaranteed to be un-related to the responses. Hence, to 

analyse the items, for OE, a new score was calculated defined as the sum of the first 11 

items and this score was used to compare change from baseline. Similarly, for ESE, the 

average of the 17 items was used. 

 

Wilcoxon Signed Rank test for median differences in median baseline and post-baseline 

distributions in self-reported PA showed that participants reported more vigorous PA at 

post-baseline (p<0.001), higher Intentions (p<0.001) and lower OE (p<0.001). The 

difference in OE was sustained after removing one extreme outlier in which the change 

score was +41 (p<0.001). No other tests of difference in PA measures or ESE were 

found to be significant. 
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Further inspection of the histograms and the descriptive statistics of the significant results 

showed that median and mean difference in vigorous PA (MET-min/week) between 

baseline and post-baseline was 0. However, the difference in distribution was significant. 

Seventy percent of the participants had changes between 480 and -480 METs. Ten 

percent of the participants had changes between 960 and 1920 which is why the test 

was statistically significant. An equivalent of 3000 MET minutes each week can be 

achieved by climbing the stairs for 10 minutes or running for 20 minutes on a daily basis 

[305].  

 

5.2.2.2.2 Objective outcome: accelerometer 

Change from baseline to 3 weeks follow up in objectively measured PA 

The mean daily wear time for participants with valid data for baseline was 801.84 min 

(SD 84.12), for Period 1: 784.62 min (SD 89.63), and for Period 2: 819.76 min (SD 99.22). 

 

The primary analysis of the accelerometer data showed that there were no significant 

differences between baseline and Period 1 change on any of the objective PA outcomes. 

(Table 44). 

 

Table 44: Primary analysis – objective measure of change in PA (accelerometer): change 

in daily PA count (Axis 1 CPM), change in MVPA, time spent in light, moderate, vigorous 

PA, SB, step count, and wear time from baseline to Period 1 (in minutes) 

 Period 1   Period 2   

 LSM 
95% 
CI 

 p-
value 

LSM 
95% 
CI 

 p-
value 

  lower upper   lower upper  

PA count  10.57 -22.32 43.46 0.525 -2.69 -39.37 34.00 0.885 

MVPA  0.96 -4.43 6.36 0.723 0.91 -5.11 6.93 0.764 

Light -5.06 -11.76 1.64 0.137 -0.08 -7.55 7.40 0.983 

Moderate 0.24 -4.81 5.30 0.924 1.12 -4.52 6.75 0.695 
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Vigorous 0.67 -0.68 2.02 0.329 -0.14 -1.65 1.37 0.855 

SB -13.81 -36.57 8.95 0.231 17.46 -7.93 42.84 0.175 

Step count 10.57 -22.32 43.46 0.525 -2.69 -39.37 34.00 0.885 

Wear time  0.96 -4.43 6.36 0.723 0.91 -5.11 6.93 0.764 

 

5.2.2.3 The difference in change between the two apps for objective outcomes 

and the period effects  

 

The results of the secondary endpoint of interest showed that there were no differences 

between the objective PA outcomes between the two apps assessed (Table 45). 

However, there was evidence of period effect for daily PA count (p=0.010), wear time 

(p= 0.030), SB (p=0.006), and moderate PA (p= 0.051). Taken together, these findings 

are consistent with the results displayed in Table 44. There was no difference in the 

amount the apps changed PA, but there was a difference between the activity change 

from Period 1 to Period 2. The largest improvement was seen with the 1st app assessed.  

 

Table 45: The difference in change between App A and B using objectively measured 

PA including period effects 

 Difference between App A and B 

Difference 
between 
Period 1 
and 2 

 LSM 95% CI p-value p-value 
  lower upper   

PA count -14.58 -62.50 33.35 0.547 0.010 

MVPA -0.77 -8.79 7.25 0.849 0.071 

Light -3.84 -13.97 6.29 0.453 0.680 

Moderate 0.11 -7.38 7.61 0.976 0.051 

Vigorous -0.93 -2.96 1.11 0.368 0.842 

SB 16.60 -16.31 49.51 0.319 0.006 

Step count -362.16 -1406.01 681.69 0.492 0.090 

Wear time  12.08 -21.46 45.62 0.476 0.030 
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The proportion of participants that increased their time in MVPA by 20% from 

baseline  

In Period 1, 31.4% (16/51) increased their MVPA by 20% (95% CI= 19.1% to 45.39). In 

Period 2, 26.8% increased their MVPA by 20% (95% CI= 14.2% to 42.9). The CIs for 

these results exclude 0 suggesting that these results were significant (Table 46). 

 

Table 46: the proportion of those participants that increased their MVPA for both periods. 

 Proportion of increase in time spent in 

MVPA by 20% from baseline 

 No 

increase  

20% increase in 

MVPA 

Total 

available 

Period 1  35 16 (31.4%) 51 

Period 2 30 11 (26.8%) 41 

Total  65 27(29.3%) 92 

 

 

Variability in the outcome measure 

Considering the variability in the results of the continuous and categorical outcome, the 

MVPA outcome was explored further. The distribution of change in MVPA shows the 

proportion of participants who increased, decreased and did not change their PA (Figure 

41). 
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Figure 41: distribution of change in MVPA showing the proportion of participants who 

increased, decreased and did not change their PA (Period 1) 

 

Sensitivity analyses including participants that engaged with the app 

interventions  

Analysis was conducted on participants that engaged with the app intervention. The 

median for App A was 21 min of usage and the median for App B was 30 min. Twenty 

eight participants reported median or above amount of use for App A and 30 participants 

reported median or more amount of usage for App B. This sensitivity analysis showed 

that for App A, the results of the primary analysis showed significant difference between 

PA count, moderate PA, MVPA, and step count from baseline following introduction of 

the intervention in Period 1 for those who engaged with the App A. In Period 2, SB 

showed significant increase which could suggest trial fatigue. No significant effects were 

seen for App B (Table 47 below).  
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Table 47: Sensitivity analysis showing the primary analysis of the effect of the apps on 

those that engaged with the interventions for App A and B (in minutes) 

 Period 
1 

   Period 
2 

   

 LSM 95% CI  p-
value 

LSM 95% CI  p-value 

  lower  upper    lower  upper   

App A         
         

Daily PA 
count 

75.47 6.84 144.1 0.030 -42.49 -108.43 23.45 0.200 

MVPA 10.8 1.08 20.52 0.030 -0.05 -9.39 9.29 0.990 

Light 1.13 -16.22 18.48 0.890 0.59 -16.06 17.24 0.940 

Moderate 11.43 1.98 20.87 0.020 0.04 -9.03 9.12 0.990 

Vigorous -0.59 -2.49 1.3 0.520 -0.12 -1.94 1.7 0.890 

Step 
count 

1335.76 81.75 2589.77 0.040 
-
279.32 

-
1484.13 

925.5 0.640 

SB -43.17 -99.33 12.99 0.130 83.97 30.03 137.9 0.000 

 
App B 

        

         

PA count -12.7 -89.27 63.87 0.74 48 -31.49 127.5 0.22 

MVPA -1.23 -13.07 10.6 0.83 6.41 -5.89 18.7 0.29 

Light -3.78 -16.03 8.46 0.53 9.74 -2.98 22.46 0.13 

Moderate -3.23 -12.98 6.52 0.5 5.9 -4.23 16.04 0.24 

Vigorous 1.87 -2.26 5.99 0.36 0.64 -3.64 4.92 0.76 

Step 
count 

-166.48 
-
1564.49 

1231.54 0.81 906 -545.88 2357.88 0.21 

SB 10.11 -25.2 45.41 0.56 -13.6 -50.27 23.07 0.45 
 

 

 

Sensitivity analyses assessing the relationship between the daily PA count and 

daily weather 

 

Snow 

The sensitivity analysis showed there was no statistical evidence for an interaction 

between snow and daily PA count by app. This suggests that the PA did not differ 

between the days with occurrence of snow/no snow by app (75.67, 95% CI (-19.16 to 
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170.49, p= 0.118). Secondly, a model without the interaction was run to explore if the 

snow affected the PA count during the intervention period. The results showed that there 

was an impact of snow on PA. Specifically, on average, participants did 69.69 more units 

of PA count (average CPM) when it was not snowing (95% CI: 22.23 to 117.15, p=0.004).  

 

Rain 

The sensitivity analysis showed there was no statistical evidence for an interaction 

between rain and PA by app suggesting that PA did not differ between the days with 

occurrence of rain/no rain by app LSM=-33.46, 95% CI -99.42 to 32.49, p= 0.319). 

Secondly, a model without the interaction was run to explore if rain affected the PA during 

the intervention period. The results showed no impact of rain on PA count during the 

intervention period (26.64, 95% CI: -6.12 to 59.41, p= 0.110).  

 

Temperature 

A small effect of temperature in the intervention period was found with each increase in 

mean daily temperature increasing PA count by 3.28 units (95% CI -0.15 to 6.72, 

p=0.061).  

 

Sensitivity analyses using vector magnitude CPM 

The results of the primary analysis using vector magnitude CPM showed similar results 

to the ones observed using Axis 1 CPM (daily PA count). The results are presented in 

Appendix M. 

 

5.2.2.3.1 Self-reported PA, ESE, exercise intentions, PA OE  

The analysis of the self-reported PA outcomes showed significant change (Table 48). 

Specifically, total time spent in PA, moderate activity, walking, and total PA all increased 

from baseline to Period 1. Sedentary behaviour decreased. All psychological variables 
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showed a significant difference. Specifically, exercise intentions and ESE increased. 

There was a small but significant decline in expected outcomes for PA. Unlike the 

objective measures, the Period 2 results, with the exception of vigorous PA, were similar 

in magnitude to Period 1.  

 

IPAQ distribution 

Studies using the IPAQ measure have found the results to be skewed and, hence, IPAQ 

data is often analysed using a log transformation [306, 307]. In this study, the change 

variables: Vigorous PA, Moderate PA and SB were log-transformed to examine if the 

results were affected by the skew (See section: Sensitivity analyses conducted on the 

self-reported outcomes).
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OE distribution  

The distribution of variable change in OE was highly skewed (coefficient of skew -2.8, 

kurtosis 16.5). The inspection of the results showed one extreme case with -33 change 

from baseline. This outlier was excluded from the analysis and sensitivity analysis was 

performed including this variable (See section: Sensitivity analyses conducted on the 

self-reported outcomes). 

 

Table 48: Primary analysis - subjective measure of change in PA: Change in self-

reported PA, ESE, exercise intentions, PA OE from post-baseline to Period 1 

 Period 

1 

  

 Period 

2 

  

 

 LSM 95% 

CI 

 p-

value 

LSM 95% 

CI 

 p-

value 

  lower  upper    lower  upper   

Total time 

in PA 

(min/week) 

32.52 10.18 54.87 0.005 25.16 2.39 47.93 0.031 

Moderate 

PA (MET-

min/week) 

113.68 14.97 212.38 0.024 98.49 -2.10 199.07 0.055 

Vigorous 

PA (MET-

min/week) 

1.85 -201.86 205.56 0.986 37.77 -169.82 245.36 0.719 

Walking 

(MET-

min/week) 

375.01 106.17 643.85 0.007 366.85 92.88 640.81 0.009 

Total PA 

(MET-

min/week) 

489.46 118.18 860.75 0.010 504.22 125.86 882.59 0.010 

SB 

(min/week) 

-123.23 -196.12 -50.34 0.001 -144.77 -218.48 -71.05 0.000 

Expected 

Outcomes 

for PA* 

-1.70 -2.81 -0.59 0.003 -1.20 -2.33 -0.06 0.039 

Exercise 

intention 

5.23 4.86 5.61 <.0001 5.03 4.65 5.406 <.0001 

ESE 41.78 38.58 44.98 <.0001 43.20 39.94 46.47 <.0001 

Note: *: 1 outlier excluded 
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5.2.2.4 The difference in change between the two apps for self-reported 

outcomes and the period effects  

 

The results of the secondary endpoint of interest shown that there were no differences 

between the self-reported outcomes between the two apps (Table 49). In addition, there 

were no period effects suggesting that the order of receiving the interventions did not 

have an impact on the self-reported outcomes.  

Table 49: The difference in change between app A and B in self-reported PA, ESE, 

exercise intentions, PA OE including period effects 

 Difference between App 

A and B 

 

App A vs 

App B 

Difference 

between Period 

1 and 2 

 LSM 95% CI  p-value p-value 

  lower  upper    

Total time in PA 

(min/week) 

-5.72 -37.55 26.12 0.722 0.117 

Moderate PA(MET-

min/week) 

-21.91 -163.63 119.81 0.760 0.318 

Vigorous PA(MET-

min/week) 

121.64 -171.21 414.48 0.412 0.796 

Walking (MET-

min/week) 

-45.24 -433.15 342.67 0.818 0.914 

Total PA (MET-

min/week) 

49.20 -486.53 584.93 0.856 0.966 

Sedentary 

(min/week) 

13.36 -91.54 118.26 0.801 0.871 

Expected Outcomes 

for PA* 

0.87 -0.61 2.34 0.248 0.590 

Exercise intention 0.09 -0.45 0.62 0.752 0.184 

ESE 1.13 -3.43 5.70 0.623 0.131 

Note: *: 1 outlier excluded 
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5.2.2.4.1 Sensitivity analyses conducted on the self-reported outcomes 

The association between the baseline PA and the change in PA in the intervention 

period 

The results of the primary analysis showed that the level of baseline activity affected the 

change observed in the intervention period. The results of the linear regressions showed 

that higher baseline activity was associated with smaller increase in PA. Conversely, less 

baseline activity was associated with larger increase. This result suggests that those 

participants that were doing least at baseline seem to increase their activity most after 

the apps were introduced. For example, the results of the SB outcome (Table 50) 

suggests that for each minute baseline sitting increased, there was an associated 

reduction in sitting of 0.425 min, i.e., each additional minute of baseline sitting was 

associated with 25.47 seconds less sitting during the intervention period (60 sec*0.425).  

 

Table 50: Linear regression of the association between baseline and objectively 

measured PA and the change during the intervention period 

 
Coefficient 

Standard 

error  

p-

value  

Daily PA count -0.36 0.10 0.001 

Light -0.45 0.07 <.0001 

Moderate -0.33 0.09 0.001 

Vigorous -0.20 0.09 0.033 

SB -0.42 0.11 0.000 

MVPA -0.33 0.10 0.001 

Step count -0.33 0.10 0.001 

 

The relationship between the baseline SB and change in SB following the introduction of 

the interventions can be visualised in Figure 42. The result is showed that more SB at 

baseline was associated with less sitting during the intervention period.  
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Figure 42: Scatterplot with a regression line displaying the relationship between baseline 

SB and change in SB 

 

Linear regression was used to explore the relationship between SB at baseline and PA 

to explore if those that engaged in more SB at baseline increased their PA during the 

intervention. The results visualised in Figure 43 and showed that for every additional 

minute of SB at baseline the PA improved by 0.467 CPM (p=0.004). This suggests that 

the participants who were sitting more at baseline increased their PA during the 

intervention period to a greater extent than those who were sitting less.  
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Figure 43: Scatterplot with a regression line displaying the relationship between baseline 

SB and change in PA 

 

 

Sensitivity analyses for the self-reported outcomes 

IPAQ 

In the current sample, log transformations were conducted on the IPAQ measure. The 

results showed similar results to the main analysis (presented in Appendix N).  

 

PA OE  

Sensitivity analysis was also conducted for 1) all records (including the extreme case), 

2) with the outlier set to the 2nd most extreme value of -16 change in OE. The results 

were similar to the main analysis which suggests that the outlier had no significant effect 

on the results (presented in Appendix O). 
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5.2.2.5 Analysis to assess the relationship between the psychological variables 

and increase in 20% MVPA 

An analysis to assess if the psychological outcomes (ESE, Intentions, and OE) predicted 

the likelihood of achieving 20% increase in MVPA was conducted. For this analysis, each 

of the variables was split above and below the median.  

 

A logistic regression including those 3 variables was run, adjusting for the randomisation 

sequence and baseline MVPA. The results showed no significant predictors of PA. See 

figure 44.  

 

The 20% improvement in MVPA for those above the median ESE compared to below 

the median was 3.9 (95%CI 0.75 to 20.1), p= 0.106. This is not strong evidence that ESE 

is a predictor of 20% improvement in MVPA but it is the only psychological outcome in 

the expected direction, more related to the outcome than Intentions or OE (p=0.34 and 

0.78 respectively). 
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 Figure 44: Graph showing the results of the assessment of potential mediating variables 

on the likelihood of achieving 20% increase in MVPA 

 

Notes: ESE, exercise self-efficacy; OE, outcome expectancy; MVPA, Moderate-vigorous 

physical activity 

 

5.2.2.6 User experience of the apps  

5.2.2.6.1 Usability of the apps  

 

The average SUS score for the two apps was similar (Table 51), 74 and 75.5 for App A 

and B, respectively. A score of ≥72.5 is considered as good usability [165]. 

 

Table 51: Descriptive statistics for the SUS score 

SUS N M SD Min Max Median 

App A  53 74 16.1 37.5 100 75 

App B 53 75.5 16.3 35 100 75 
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The frequency table of individual scores (Table 52) showed that 49.6% (App A) and 

41.5% (App B) of participants indicated a score of 72.5 or lower for each app which 

suggests that around half of the participants indicated that the apps had good usability. 

 

Table 52: The frequency of SUS scoring for both apps with a score of 72.5 to mark the 

threshold for good usability 

App A  Frequency Percent App B Frequency Percent 

37.5 1 1.89 35 1 1.89 

40 2 3.77 47.5 2 3.77 

42.5 3 5.66 50 6 11.32 

47.5 4 7.55 52.5 7 13.21 

50 7 13.21 55 8 15.09 

55 8 15.09 57.5 9 16.98 

57.5 9 16.98 60 11 20.75 

60 10 18.87 62.5 15 28.3 

62.5 13 24.53 67.5 16 30.19 

65 15 28.3 70 19 35.85 

67.5 19 35.85 72.5 22 41.51 

70 24 45.28 75 28 52.83 

72.5 26 49.06 77.5 31 58.49 

75 27 50.94 80 32 60.38 

77.5 31 58.49 82.5 34 64.15 

82.5 35 66.04 85 35 66.04 

85 40 75.47 87.5 40 75.47 

87.5 43 81.13 90 42 79.25 

90 44 83.02 92.5 44 83.02 

92.5 47 88.68 95 48 90.57 

95 50 94.34 97.5 51 96.23 

97.5 52 98.11 100 53 100 

100 53 100    
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Figure 45: The distribution of SUS for App A and App B 

 

 

 

As SUS variable was normally distributed, the difference in mean usability was assessed 

using Student t-test. The results showed no difference in mean usability between the 

apps (-0.55, SD=17.41, 95% CI: -5.50 to 14.54, p= 0.824). 

 

5.2.2.6.2 Star ratings  

The mean star rating for App A was 3.29 (SD 1.12) and 3.4 (SD 0.97) for App B (Table 

53).  

 

Table 53: Star ratings assigned to each of the apps 

Star ratings 
(1-5) 

N M SD Min 25% 
tile  

Median 75% 
tile 

Max 

App A  49 3.29 1.12 1 2 4 4 5 

App B 47 3.4 0.97 1 3 4 4 5 

 

The results of the Student t-test showed no difference in mean star ratings between the 

apps (-0.07, SD=1.49, 95% CI: 0.53 to 1.23, p= 0.760). 
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Figure 46: Distribution of user ratings for App A and B  

a) App A        b) App B 

 

 

 

5.2.2.6.3 Engagement with the apps 

 

Experiential items  

Table 54 and 55 show the descriptive statistics for the experiential items of the DBCI 

Engagement scale for both apps. Figures 47 and 48 shows the graph of the experiential 

items reported by the participants. The results were similar for both apps with 33.23 sum 

score (SD 8.83) for App A, and 31.85 sum score (SD 9.00) for App B. 
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App A 

Table 54: Descriptive statistics for the experiential items of the DBCI Engagement scale 

(1-7) for App A 

Experiential items (N=53) M SD 

Interest 3.96 1.87 

Focus 3.7 1.81 

Enjoyment 3.49 1.78 

Intrigue 3.3 1.61 

Inattention (R) 5.02 1.8 

Pleasure 3.11 1.6 

Distraction (R) 5.26 1.6 

Annoyance (R) 5.38 1.57 

Total score 33.23 8.83 

Note: (R): items reverse-scored 

 

Figure 47: Visualisation of the experiential items score for App A 

 

Note: R: items reverse-scored  
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App B  

Table 55: Descriptive statistics for the experiential items of the DBCI Engagement scale 

(1-7) for App A 

Experiential items (N=53) M SD 

Interest 3.75 1.81 

Focus 3.58 1.93 

Enjoyment 3.42 1.82 

Intrigue 3.17 1.55 

Inattention (R) 4.53 1.85 

Pleasure 3.26 1.73 

Distraction (R) 5.00 1.69 

Annoyance (R) 5.13 1.66 

Total score 31.85 9.00 

Note: (R): items reverse-scored 

 

Figure 48: Visualisation of the experiential items score for App B 

 

Note: R: items reverse-scored 

 

The difference in sum experiential engagement score between the apps was assessed 

using Student t-test and the results showed no difference between the apps (1.50, 

SD=10.08, 95% CI: - 1.65 to 9.25, p= 0.343). 
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Amount of use 

The median time spent on using the apps was 21 minutes for App A and 30 min for App 

B. Twenty-five percent of participants spent <10 minutes on both of the apps and 25% 

spent >60 minutes using the apps (Table 56). 

 

Table 56: Descriptive statistics for the amount of use component of the DBCI 

Engagement scale 

Amount of use 

(in min) 
N Min 

25% 

tile  
Median 

75% 

tile 
Max 

App A 53 0 10 21 60 280 

App B 53 0 10 30 60 360 

 

Depth of use 

Of 8 available components of App A, participants reported using 0 to 8 components, and 

the median number of components used was 4. For App B, the median was 2 of 5 

possible, with the range between 0 to 4 components used (Table 57).  

 

Table 57: Descriptive statistics for the depth of use component of the DBCI Engagement 

scale 

Depth of 

use 
N Mean SD Min 

25% 

tile  
Median 

75% 

tile 
Max 

App A  

(of 8) 
53 3.87 1.85 0 3 4 5 8 

App B  

(of 5) 
53 1.72 0.86 0 1 2 2 4 
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5.2.2.7 Ecological Momentary Assessment of mood  

There were some technical issues with the PACO software during the duration of the 

data collection. Some participants reported not receiving the notifications (N= 5) and 

some self-reported their mood instead (N=4). In addition, a small number of participants 

received more than 2 notifications. Lastly, for some of the responses, identical data were 

recorded twice in PACO dataset. In this case, the duplicates were removed (N=105) with 

3264 unique responses remaining. 

 

The mean number of records for the baseline period was 11.79 (SD 4.21), for Period 1 

was 10.5 (SD 4.12), and for Period 2 was 9.60 (SD 3.59). Table 58 shows the frequency 

of responses for each period. As mentioned, some of the participants received more than 

2 notifications per day. Consequently, for 11.11% participants there were more than 14 

responses for the baseline period, 3.45% for Period 1, and 1 participant had more 14 

responses for Period 2. 

 

Table 58: The frequency of responses for each period 

  

 

 

 

Frequency Percent Frequency Percent Frequency Percent

1 2 3.17 2 3.17 1 1 1.72 1 1.72 1 1 1.92 1 1.92

3 1 1.59 3 4.76 2 2 3.45 3 5.17 2 3 5.77 4 7.69

6 2 3.17 5 7.94 3 1 1.72 4 6.9 3 1 1.92 5 9.62

7 2 3.17 7 11.11 4 3 5.17 7 12.07 4 1 1.92 6 11.54

8 2 3.17 9 14.29 6 2 3.45 9 15.52 5 1 1.92 7 13.46

9 5 7.94 14 22.22 7 1 1.72 10 17.24 6 3 5.77 10 19.23

10 5 7.94 19 30.16 8 4 6.9 14 24.14 8 7 13.46 17 32.69

11 9 14.29 28 44.44 9 4 6.9 18 31.03 9 6 11.54 23 44.23

12 6 9.52 34 53.97 10 11 18.97 29 50 10 3 5.77 26 50

13 15 23.81 49 77.78 11 5 8.62 34 58.62 11 9 17.31 35 67.31

14 6 9.52 55 87.3 12 5 8.62 39 67.24 12 6 11.54 41 78.85

15 1 1.59 56 88.89 13 6 10.34 45 77.59 13 6 11.54 47 90.38

16 2 3.17 58 92.06 14 8 13.79 53 91.38 14 4 7.69 51 98.08

17 2 3.17 60 95.24 15 3 5.17 56 96.55 17 1 1.92 52 100

19 1 1.59 61 96.83 17 1 1.72 57 98.28

24 1 1.59 62 98.41 25 1 1.72 58 100

27 1 1.59 63 100

N Frequency Percent Cumulative

Baseline Period 1 Period 2 
N Frequency Percent Cumulative N Frequency Percent Cumulative
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Average mood in the study 

The mean mood was high for all period and for baseline period was 3.59 (SD 0.71), for 

Period 1 was 3.69 (SD 0.69), and for Period 2 was 3.74 (SD 0.77). See Table 59 for the 

descriptive statistics of the response number and figure 49 for the visualisation of the 

distribution of the mean mood responses.  

 

Table 59: Descriptive statistics of the mean mood for each of the study periods. 

Study period  N  Mean SD 

Baseline  63 3.59 0.71 

Period 1  58 3.69 0.68 

Period 2  52 3.74 0.77 

Total 173 3.67 0.72 

 

Figure 49: The distribution of the mean mood for all 3 periods 
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Difference in mood from baseline to Period 1  

There was no change in the central tendency from start of the study to Period 1: the 

mean was 0.795 (SD=0.661) with both median and mode of 0 suggesting that the 

average mood of the participants did not change from baseline to Period 1. Wilcoxon 

signed rank test was used to assess the difference in mood between baseline and Period 

1. There was no statistically significant change in mood between baseline and Period 1 

(Z= 243, p= 0.420). The distribution of the change variable is shown in Figure 50. 

Figure 50: The distribution of the change in mood variable 

 

 

Difference in PA by mood  

The mean mood responses were dichotomised into high (response 4 and 5) and low 

(response 1, 2, 3) and the descriptive statistics for the objectively measured PA change 

for mean baseline and Period 1 mood were computed. 

 

A mixed model for repeated measures was run including fixed effect for app and mood 

(low/high) with PA count as the dependent variable. The results showed no association 
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between low/high mood and PA count during the intervention period (-42.45, 95% CI: -

102.82 to 17.92, p= 0.166). 

 

A scatter plot with a smoothing spline was used to explore the functional form of the 

relationship between PA change and the average mood at the time (average at the time), 

Figure 51. Two findings can be observed from the plot. First, the relationship between 

the change in PA and mood is not linearly related. Second, there were 2 extreme cases 

were participants in low mood highly increased their PA. These cases affected the 

average relationship between mood and PA change.  

 

Figure 51: Scatterplot with smoothing spline showing the relationship between mood and 

PA count 
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5.3 Discussion  

5.3.1 Principal findings  

The primary objectives of the study were to assess the feasibility and acceptability of a 

trial to assess popular PA apps available on the market. Both the recruitment and 

retention rates suggest that such a study would be feasible and acceptable to the 

participants. The secondary objective assessing the potential impact of the apps on PA 

showed no effect of the interventions on objectively measured PA using continuous 

variable. One third of participants increased their time in MVPA by 20%. ESE and 

intentions increased as expected but PA OE decreased. Baseline PA had an impact on 

the change in activity observed. Those participants for whom SB was higher at baseline 

had less SB during the interventions and were engaging in more PA during the 

intervention suggesting that the study reached those that the interventions was aiming 

at, i.e., physically inactive participants. There was no difference in outcome between App 

A and B, and there was no significant difference between the study periods, which 

supports the use of the crossover design to investigate apps. User experience of the 

apps varied substantially supporting the notion that one-size-does-not-fit-all. The 

engagement with the apps was quite low, especially for App B and the interviews with 

the participants will shed light on the possible reasons for the low engagement rates. 

 

Primary objectives: feasibility and acceptability  

The recruitment process suggested that it is possible to enrol participants to a crossover 

trial assessing two apps. More than 200 people accessed the screening questionnaire 

during the recruitment phase. Over 60% of those who were eligible enrolled and were 

randomised. The completeness rates of the follow-up data were just under 80% for both 

periods which were high when considering high dropout rates for digital interventions 

(e.g., [57, 308]). 
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In research where accelerometry is used, participant adherence rates to accelerometer 

wear vary depending on the expected length of wear and the population, e.g., [309, 310]. 

In population level research participant non-adherence to accelerometer protocol 

(defined as the percentage of those participants that did not meet the criteria for valid 

data) was between 6 to 32% with a median on 17.6% [311]. In this study, 52 of 66 (just 

under 80%) participants provided valid data for the accelerometer outcome suggesting 

high adherence rates and hence feasibility of this data collection method in this 

population.  

  

The wear time of the accelerometer was higher in Period 2 possibly suggesting that 

participants did not experience any burden associated with wearing the device. However, 

PA count and moderate PA decreased and time spent sitting increased in Period 2 which 

could be an indication of trial fatigue. An alternative explanation could be that participants 

started reverting to their baseline PA. There is evidence that the effects of behaviour 

change interventions diminish overtime [312, 313]. 

 

Secondary objectives: the potential effects of the apps 

 

Physical activity outcomes  

The results of the objectively measured PA assessment showed no effects of the app 

intervention on mean change from baseline to 3 weeks follow-up. However, this study 

was not powered to identify significant changes. The direction of the changes from 

baseline to Period 1, with the exception of light activity, were all in the direction of 

increasing PA. In addition, there was a reduction in SB. These findings suggest that 

adequately powered trial might show significant impact of the PA apps. In Period 2 the 

positive results are diminished and the SB was increased compared to baseline.  
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However, 16/51 (31.4%) participants increased their time in MVPA by 20% from baseline 

to Period 1. Thirteen of 51 (25.5%) participants showed a decrease in time spent in 

MVPA by 20% from baseline to Period 1. The confidence intervals for these results 

exclude zero suggesting a significant difference. This results supports the finding of the 

research literature that emphasize the need for tailoring of digital health [223]. This could 

be done through questionnaires exploring the variation across groups in their response 

to PA intervention. This questionnaire could be then used to tailor the digital technology 

to users’ characteristics and needs. 

 

The variability in the findings between the continuous and categorical outcomes 

emphasises the inherent issue with using averages to draw conclusions about the 

efficacy or lack of efficacy in studies assessing PA as an outcome. PA is known to differ 

between and within individuals and varies throughout the lifespan [314].  

 

Self-reported PA outcome showed different results to the objectively measured PA. 

Specifically, significant improvements were found for the total time and minutes spent in 

PA, as well as increase in moderate PA, walking, and a decrease in SB. Unlike the 

objective measure, the self-reported outcome did not seem to show period effects.  

 

Indeed, self-reported PA has been shown to relate poorly to objectively measured PA 

and none of these measures is optimal [315, 316].In addition, the PA measured using 

the accelerometer device was a daily measure. In comparison, IPAQ asked participants 

to recall their weekly PA.  

 

Accelerometer device is a state-of-the-art measurement for PA. However, it has its 

limitations. First, accelerometers might be less efficient in capturing activity that is not 

step-based, for example cycling [257]. Second, there is evidence that different device 
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brands are more sensitive to detect various intensities of PA. For example, ActiGraph 

may not fully capture lower intensity PA and SB [317], and some researchers 

recommended that this brand is more suitable to be used in research assessing higher 

PA intensity. Hence, researchers who use one single device should be aware of these 

limitations of each of the devices. This study used one device, and hence the PA 

observed, especially of lower intensity, might have been underestimated. Lastly, this 

study used one of the most commonly used and validated methods for wear time 

validation [286] and data classification into the intensities of PA [288]. However, the data 

were processed in ActLlife (software developed by the supplier of the ActiGraph). Some 

researchers have developed their own methods for data processing [285] but this was 

beyond the scope of this study.  

 

A systematic review of 23 validation studies has shown that the results of the IPAQ short 

version measure overestimates PA by an average of 84% in comparison to 

accelerometry-based measurements. The authors argue that the measure should not be 

used as either a relative or absolute measure of PA. They conclude that it can be used, 

with caution, in repeated measure studies which was the case in this feasibility trial [318]. 

 

This result is a criticism of the IPAQ measure itself but also the nature of self-reporting 

in PA research. IPAQ is one of the most frequently used questionnaire measuring PA 

[319, 320]. The overestimation of PA self-report phenomenon could be identified 

because of the frequency of IPAQ usage and demonstrate the inherent tendency of bias 

in thinking and recalling of past health behaviours, as described in the next paragraphs. 

 

The effect of over-reporting PA might be due to self-serving bias, i.e., the intention to 

interpret information to preserve a positive self-image [321]. Public health messaging 

around obesity and healthy eating has increased. At the same time, rates of self-reported 
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weight-loss attempts have risen substantially [322]. It has been suggested that this might 

produce the desire to underreport the calories consumed. In fact, there is evidence that, 

in national surveys, the calorie intake has been underreported and this tendency has 

been rising [323]. Similarly, the data produced by IPAQ have been shown to 

overestimate the PA conducted [306]. As such, it is possible that a similar thinking bias 

influenced the reported PA in this study.  

 

There are means of addressing this issue of over-reporting using IPAQ with either 

changing the procedure of the interviews using IPAQ telephone version [324] or 

adjustments to the data [325]. This was beyond the scope of this thesis but could be 

considered for a definitive trial. The option to use the IPAQ 31 item long form could also 

be considered. However, the acceptability of the survey measures, and the survey 

fatigue in particular needs to be considered when designing the definitive trial. Lastly, 

more frequent self-reported EMA could be used instead of a retrospective weekly 

measure which would decrease the recall bias [326, 327]. 

 

In addition, when considering those participants who reported using the app for 21 or 

more minutes for App A, the results showed that daily PA count, moderate PA, MVPA 

and step count increased following the introduction of the intervention in Period 1. No 

significant effects were observed for App B. It is possible that the reported engagement 

with App B was suboptimal to show any impact if there was one. Whereas the median 

app usage for App A was 21 minutes suggesting that the typical use of this app was 

three times during the intervention, for App B, 30 minutes was the typical use which 

would suggest one session per the intervention period. However, the recommended 

number of session per week is 90 minutes for App B. Hence, as some level of 

engagement is required for the digital intervention to produce any impact [328], it is 
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possible that no difference was seen even in those classed as engaged because of the 

poor usage of this app.  

 

Psychological outcomes  

For psychological mediators of PA, ESE and intentions to do PA increased. These 

mediators of PA are well established variables that increase engagement in PA. 

However, small but significant declines in PA OE were reported by the participants from 

baseline to first intervention (Period 1). The results are not in-line with the premise of the 

models of health behaviour. Specifically, socio-cognitive models of health behaviour 

include expected outcomes as an important predictor of behaviour. For example, in 

Health Action Process Approach, Schwarzer [329] argues that the OE, i.e., the belief that 

the behaviour will produce a desired outcomes, is a pre-requisite (‘preintender ‘in the 

model) of intentions to engage in a behaviour. It is possible that participants’ baseline 

expectations were unrealistically optimistic about the outcome of PA prior to starting the 

intervention. They might have adjusted their expectations following engagement with the 

PA through the apps. The second explanation for the reduced perceived positive 

outcome of PA could be related to the overall low engagement with the apps. The 

cognitive dissonance experienced by the participants who intended to increase their PA 

but did not engage with the app adjusted their perceived positive outcomes of PA in order 

to cope with the incongruence between their perceptions of the benefits of PA and the 

lack of engagement in PA.  

 

The findings of the analysis showed that the baseline PA had an impact on the change 

observed using the accelerometer. More specifically, those who engaged in less activity 

during the baseline period increased PA more than those for whom the baseline activity 

was higher. In addition, more SB at baseline was associated with less sitting during the 

intervention period. This result was observed across the objectively measured PA.  
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The results of the analysis that looked into the difference in outcomes between the two 

apps showed no significant results for either measures. In addition, PA count, moderate 

PA decreased, and time spent sitting increased in Period 2 which could be an indication 

of a trial fatigue. 

 

The results comparing baseline and one week post-baseline measures showed that 

participants reported more vigorous PA, higher intentions, and lower OE at the post 

baseline assessment. This result suggests that the outcomes in this study were already 

changing before the intervention was introduced and supports previous findings on the 

effect of mere introduction of the measurements [330-332]. The wear time of the device 

was higher in Period 2 possibly suggesting that participants did not experience any 

burden associated with wearing the device.  

 

This study provided support for the widely observed phenomena of the impact of 

seasonality and weather on engagement in PA [275, 276]. The analysis of the results 

taking into account the weather showed that mean temperature had a small but 

significant positive association between temperature and PA and snow had a negative 

impact on PA. There was no difference between the apps. This is surprising as App B is 

more likely to be used outdoors.  

 

The analysis of the predictors of 20% increase in MVPA showed no significant results. 

However, for those with higher ESE were more likely to have 20% improvement in 

MVPA. The results was not statistically significant. The mediation analysis for the 

definitive trial should look at the potential mediators of PA to target the apps to those 

more responsive to the intervention.  
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App-specific outcomes  

The results of the quantitative user experience outcomes showed that, overall, both apps 

had good usability as perceived by the participants, with similar scores for both apps (74 

for App A and 75.5 for App B). However, the scores varied ranging from a score of 37.5 

to 97.5 for App A and 35 to 97.5 for App B which using the descriptive adjectives [165] 

can be descried as from poor to excellent suggesting variable digital literacy of the 

sample. The star rating assigned to apps were similar for both apps with App A receiving 

3.3 stars on average and App B receiving 3.4 stars. The variability of the findings 

supports the notion that user experience varies substantially and no-size-fits-all. 

 

When comparing these results to the review and content analysis of the quality of apps 

(Study 1, Chapter 2), the average of expert led assessment of usability was higher for 

the sample of apps assessed with a median SUS score of 86.3. The mean star ratings 

derived from the app stores was also higher with only 25% of ratings below 4 stars.  

 

Although the sample in Study 1 was 65 of the most popular apps, which are not directly 

comparable to this feasibility trial assessing two apps with multiple users, the 

discrepancy may suggest that expert led assessment of usability in Study 1 was higher 

than the rated usability of an average user because of the higher digital literacy of the 

assessors. Secondly, the star ratings may be inflated for the most popular apps in the 

commercial app stores.  

 

This study provides some support for the argument that the ratings for the most popular 

apps in the dominant app stores are inflated. The average rating for both apps in this 

study was 3.5 stars. In comparison, average ratings are higher for the top-ranked apps 

in the app store with 75% ratings of 4 stars or above. Relying on app store to provide the 

most liked apps might be unreliable. 
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However, the difference between the selection process between apps in app stores and 

this study is that in app stores, potential users seek out and choose to download an app. 

In this study, participants were asked to download an app, which they might not have 

downloaded themselves. 

 

Engagement  

The experiential items for the engagement scale showed similar results for both apps 

with no particular weight for any of the items. However, the amount of use showed that 

the median time spent on using the apps was low, particularly for App B. Each session 

in App A, as the app name suggests, requires seven minutes to complete but the app 

does not suggest the frequency of sessions to be completed. App B is more prescribed. 

It requires three sessions to be completed in each week of the programme, hence App 

B requires 90 minutes a week to be completed. Yet, the medium reported minutes of the 

app usage for the duration of each of the intervention (two weeks) showed that for App 

A 21 minutes was the typical time devoted to the app, which suggests three sessions 

using app A were completed throughout the intervention. For App B the typical time spent 

on it was 30 minutes suggesting half a session of usage per week, on average. This 

seems low.  

 

The depth of use, i.e., the distinctive features of the apps used by the participants were, 

typically, four of eight components and for App A and for App B two of five components. 

This suggests that participants did not explore all the components available in the apps. 

The qualitative study shed some light on why the usage rates of both apps were low 

(Study 4, Chapter 6).  
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Mood assessment using Ecological Momentary Assessment 

The average mood throughout the study was similar with the means in each period of 

3.7 and no significant changes were found in the distribution of mood change from 

baseline to Period 1. This result might suggest that the study procedure or the study itself 

did not change participants’ mood. 

 

In addition, there was no association found between low and high mood and daily PA 

count. However, the relationship between the change in PA count and mood was not 

linearly related. There were also two extreme cases where participants with low mood 

increased PA substantially which make the results difficult to interpret. 

 

Both PA levels and mood vary substantially between- and within- person [333], and the 

overall effect (e.g. reported using means) is likely to mask this variance [40]. In addition, 

mood is a state rather than a trait and is characterised by instability and is prone to 

fluctuation [294-296]. Case-series design offers an alternative that can be used to 

investigate the variability in PA and mood and assess the relationship between these 

variables that is more nuanced than comparing the daily averages. The reports in mood 

could be used to investigate the association between mood and PA. Such studies have 

been conducted in children [334, 335] and young adults [336]. This was, however, 

beyond the scope of this project.  

 

 

 

 



 
 
   

 256 

5.3.2 Implications for the definitive trial learnt from conducting this 

feasibility study  

Each of the findings will be considered to provide a list of recommendations for the 

definitive trial: 

1. The study was feasible to conduct with representative sample of inactive adults 

living in urban environment. Although no definitive conclusions can be drawn 

about the effects of the two apps on PA, the results of this study showed clear 

differences in self-reported measures: PA, and mediators of PA: self-efficacy and 

intentions. 

2. There was a great variability in the dichotomous outcome (increase in MVPA by 

20%). This choice of the threshold was pragmatic for the purpose of exploration 

in the feasibility trial. Going forward, in the definitive trial, a continuous variable 

will be used as it is more appropriate (and more powerful) to assess total 

population impact. However, given the variability that was illustrated using the 

dichotomous outcome, by looking into sub-groups of participants that increased 

their PA, there is a scope to explore the characteristics of these participants to 

predict which groups would most likely be responsive to these digital 

interventions. 

3. The tendency of over-reporting the self-reported PA could be addressed by using 

more frequent EMA to decrease the recall bias. However, an accelerometer 

device should be used to measure primary outcome as, despite the limitations 

discussed here, it is a gold standard in PA research [337, 338].  

4. To assess whether the apps can be effective, engagement with these apps is first 

needed. App A showed some positive results for objectively measured PA within 

those participants that engaged with this App, App B did not show any positive 

effect. Engagement (or lack of it) with App B is problematic when considering the 

definitive trial because low engagement might mean that the app might not be 
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motivating enough for the participants or it might not be acceptable for other 

reasons. Independent of the reasons for the low engagement, it is difficult to draw 

any conclusion on the potential effectiveness of this app and what steps should 

be taken when designing the definitive trial. In the next Chapter, the qualitative 

study will give some insights into why the participants typically engaged in only 

one session throughout the intervention period for App B. Based on the results, 

improvements to both apps could be made to increase engagement rates with 

the apps before the definitive trial is conducted. This, however, would require 

collaboration with the app developers first.  

5. In addition, the engagement with the app was self-reported. The definitive trial 

should use the app usage data to investigate the association between the 

engagement in PA and the app usage. For this, as above, a collaboration 

between developers of the apps and the researchers is needed. 

6. The mood assessment did not provided any conclusive results but the goal of this 

study was to assess the feasibility and acceptability of this innovative data 

collection method. The response rates for EMA of mood were high suggesting 

that it is a feasible method for data collection. Overall, the measure was highly 

acceptable to the participants with two exceptions. However, researchers should 

consider the most appropriate software to deliver EMA. There were several 

technical issues with the PACO software including some participants not 

receiving notifications and the responses being recorded twice in the dataset. In 

addition, there were two participant-reported instances where participants 

received their notification to respond outside the time set in the PACO settings. 

In fact, two participants reported receiving the notifications at night. This may 

deem PACO software to be an unacceptable tool for research. 
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7. As the usability measure showed variable results, the digital literacy of the 

participants could be measured at baseline and investigated whether digital 

literacy has an impact on the engagement with the apps and their effectiveness. 

8. As there were some differences found from baseline to post-baseline 

assessment, it is recommended for the definitive trial to incorporate a no-

treatment period to assess whether the impact of the interventions was over and 

above the change observed by mere participation in the study. 

9. There could be period effects as evidenced in the results of this study for the 

objective measure (accelerometer) but not for the self-reported measures.  

10. The study duration of two weeks was sufficient to assess feasibility and 

acceptability. In the full trial, longer duration will be considered to assess the 

behavioural effect including PA habit formation. A recent review and meta-

analysis looking into PA interventions using wearables and smartphone 

application ranged from four weeks to 12 month [339]. 

5.3.3 Strengths 

This feasibility crossover trial showed that it is possible to conduct a study assessing the 

effectiveness of two apps in a population engaging in no or low levels of activity. 

 

The sample in the study was diverse, representing the population of London [340]. There 

were higher levels of participants’ education reported in comparison to the rest of the 

population in the UK [341]. However, London has one of the highest rates of education 

in Europe. [342]. 

 

This crossover design is a feasible method of assessing the impact of PA apps. The 

advantage of this design is that it can estimate the overall effect of two apps. In addition, 

the difference between the two apps can also be assessed. 
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This study assessed the potential effectiveness of two popular apps as participants were 

asked to use these in a self-directed manner. This means that the result of the study can 

approximate the behaviour found in the real world. 

 

This study used a post-baseline to assess the change in PA and PA mediators in the 

intervention period. As there was some difference between baseline post-baseline, the 

results might be more conservative but more realistic. 

5.3.4 Limitations 

This study has some important limitations. As stated, the purpose of this trial was to 

determine if it was feasible to randomise patient to the trial, randomise to apps, monitor 

their PA using an accelerometer and to collect the self-reported measured needed. No 

statistical inference should be drawn from these findings, and statistical tests should be 

interpreted as descriptive.  

 

The overall aim of the thesis was to assess the “public health potential of PA apps”. In 

the process of reducing the design of this trial to a feasible study taking into account the 

time and the resources available, two apps on the market were selected from the pool of 

around 48 thousand PA apps (at the time of sample identification for Study 1 in 2016). 

Although these apps are highly popular and representative of the exercise type targeted 

in the app store, the result of this study cannot be generalised to other popular PA apps.  

 

The recruitment process included only those potential participants that were classed as 

engaging in no or low PA. However, self-selection of participants is an issue with 

intervention studies, and it is possible that the sample of the population that took part in 

the study was more motivated to engage in PA than those that did not take part. 
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Due to technical issues, two items of the scale were not recorded correctly. It is unlikely 

that these items affected the results of the study as they were missing completely at 

random.  

 

The researcher was not able to extract the usage data from the apps and the app 

developers that were contacted were unable to help with the extraction of the data for 

the sample of the participants in the study. Hence, the researcher relied on retrospective 

self-report of engagement with the apps which may have been affected by the recall bias 

[343].  

 

The limitation of a 20% MVPA was that it was a pragmatic cut-off to be explored in the 

feasibility trial. 

 

The study duration of two weeks was sufficient to assess feasibility and acceptability, 

which was the aim of this study. However, two weeks of intervention duration is unlikely 

to assess real behavioural effects, including habit formation.  

 

Last, the participants in the trial were volunteers, thus introducing a substantial self-

selection bias. However, this is an issue with most PA interventions [344]. 

 

5.3.5 Conclusions  

Overall, this study provided some important findings for a future definitive trial. The 

recruitment and retention rates found in this feasibility trial suggest that this study is 

feasible and acceptable to the participants. There are still substantial issues around 

measuring PA, and the choice of a primary outcome. However, the observed changes 

suggest that there is the potential to demonstrate some impact of these PA apps on 

overall PA levels, particularly in participants who were sedentary at baseline.  
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No impact was observed for objectively measured PA using continuous outcome. There 

was substantial variability in the PA outcome using the accelerometer device. Mediators 

of PA showed significant results. The expected outcomes of PA decreased which was 

an unexpected result. Baseline PA had impact on the change in activity observed. This 

is an important finding suggesting that those participants who were sitting more at 

baseline were not just sitting less but they were also engaging in PA during the 

intervention. There was no difference in outcome between App A and B, and there was 

no significant difference between the study periods which supports the use of the 

crossover design to investigate apps.  

 

User experience of the apps varied substantially supporting the notion that no-size-fits-

all and suggesting different levels of digital literacy of the users. The modification to the 

future definitive trial include the consideration for the outcome measure, increasing the 

engagement with the apps, including EMA-type data collection and analysis, and the 

incorporation of a no- treatment period.  
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CHAPTER 6. Process evaluation of a randomised crossover 

trial of two popular apps and identification of influences on 

physical activity: data-prompted interviews 

 

___________________________Reflective log___________________________ 

 

Changes along the way: Apps and wider context  

As described in the introduction to Part 2 of this thesis, the aim of the qualitative study 

(as part of the mixed methods study) was to explore the acceptability of the trial 

procedures and the experience of using the two app interventions trialled.  

 

During the first interview I noticed, and in the following interviews it became increasingly 

apparent to me, that I needed to look beyond the apps and explore the wider context of 

activities that the participants engaged in. I realised that I could not explore the factors 

involved in PA behaviour using the rigid topic guide I developed initially as it addressed 

the usage of the apps specifically but did not address their fit into daily routines.  

 

Exploring the wider engagement in PA beyond the two apps was important in order to 

understand how apps facilitated behaviour change and their limitations when considering 

broader contextual issues of the participants. Hence, I adjusted the topic guide to include 

a section on a wider context relating to PA (see Appendix P for the interview topic guide). 

Following this consideration, I decided to focus my analysis on two behaviours: 1) PA 

engagement in general and 2) PA using the two apps as tested in the feasibility trial.  

 

_______________________End of the reflective log_______________________ 
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6.1 Chapter overview  

In the previous chapter presenting the results of the feasibility crossover trial, a great 

variability in responses to the interventions was observed. Whilst RCTs can answer the 

dichotomous question of the efficacy or effectiveness of the intervention, they make the 

assumption that the intervention will lead to success of failure in a linear way. In reality 

however, the outcomes are influenced by a multitude of contextual factors. The aim of 

this study was to explore the “how” and “why” of the observed results of the trial. Process 

evaluation can help to address these questions. The aim of this study was to first assess 

the acceptability of the trial procedures, and, second, to identify the influences on PA 

behaviour and how the app interventions can help or hinder engagement in PA.  

 

Data-prompted interviews were conducted with 36 participants following the completion 

of the feasibility crossover trial. Purposive sampling was used to select a representative 

sample of those that engaged and did not engage with the apps. The analysis was 

conducted until no new data were uncovered to contribute to the analysis, which was 

reached after analysing 20 interviews. The analysis involved 2 stages: 1) conducting 

thematic analysis to identify the influences (enablers and barriers) on the behaviour, 2) 

mapping the influences onto the COM-B and TDF domains.  

 

It was found that the trial design and procedures were acceptable to the participants. A 

variety of enablers and barriers to PA behaviour were identified and motivation was a 

major issue around engagement in PA. Moreover, the results helped to understand how 

the apps could potentially enable or hinder PA behaviour. The two publicly available app 

interventions can address some of the barriers to PA but may not be sufficient to address 

the lack of PA at a population level. It is, however, important to target those potential 

users at the time when they are mostly receptive to PA app interventions.
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6.2 Background - Methodological considerations  

The background to this qualitative component of the feasibility and acceptability of a 

randomised crossover trial assessing two current health apps for increasing PA 

describes the methodological considerations when designing this study. This section 

describes the importance of conducing process evaluation, the choice of frameworks 

used and the rationale for focusing on two behaviours: experiences of PA behaviour and 

the app-specific PA behaviour in physically inactive adults residing in urban 

environments, in addition to acceptability of the trial design and procedures.  

6.2.1 Why process evaluation? 

Designing and evaluating complex intervention confers a substantial investment. Whilst 

outcome evaluation (such as conducted using the “gold standard” RCTs) can answer the 

dichotomous question of whether the intervention worked. Outcome evaluation, 

however, cannot inform (i) why and how interventions might work or not, (ii) if the 

intervention was implemented as intended or whether there were any deviations or 

adaptations of the interventions, and (iii) what were participants’ responses and 

engagement with the intervention. These questions can be tackled using process 

evaluation. 

 

In addition, Moore, Audrey [345] pointed that the effect size, as assessed in RCTs, will 

not provide information on replicability of the intervention in different contexts, or on the 

scalability of the intervention. Hence, process evaluation is an important part of any 

complex intervention evaluation. 

 

The 2008 MRC guidance [107] defines process evaluation as: ‘Study aiming to 

understand the functioning of an intervention by examining fidelity and quality of 

implementation, clarifying causal mechanisms and identifying contextual factors 
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associated with variation in outcomes’ (Craig et al. 2008). This comprehensive definition 

was not accompanied by a guidance of how to plan, conduct, analyse or report process 

evaluation. In 2015, a new integrative framework was published [345] that builds on the 

process evaluation themes described in the 2008 MRC guidance (Figure 52 below).  

 

Figure 52: Key functions of process evaluation and relations among them (blue boxes 

are the key components of a process evaluation. Investigation of the components in 

shaped by a clear intervention description and informs interpretation of outcomes) 

(reproduced with permission from [345]) 

 

 

Process evaluation has different functions depending on the stage of intervention 

evaluation. It also can evaluate different outcomes, as outlined by the definition above.  

 

Specifically to the context of this crossover trial, process evaluation has an important role 

in understanding the feasibility and acceptability of the intervention and optimising its 

design and evaluation. The assessment of feasibility using the quantitative methods was 

described in Section ‘Acceptability of the trial design and procedures’, Chapter 6). 

 

The guidance on process evaluation suggests that understanding the role of context is 

part of the process later on when proceeding to the definitive trial. However, as the 
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overarching aim of this thesis was to investigate the potential of PA apps that are 

available publicly, the contextual factors around PA and app-specific PA behaviour were 

explored following the feasibility trial.  

 

As I have not developed these interventions (hence I had no control over the content of 

the interventions and the underlying assumptions about the mechanisms of actions), I 

decided that, for this study, it was important to explore the apps “in the wild” to explore 

the influences on PA behaviour in the sample of the population targeted in this study, 

and how these app intervention can help (or hinder) the engagement in PA.  

 

Hence, the aim of this study were threefold: 1) to shed light on the acceptability of the 

study design and procedures 2) to explore the contextual influences on PA behaviour 

(i.e., enablers and barriers), 3) to understand how apps can help (or hinder) engagement 

in PA. 

 

Investigating acceptability  

Acceptability is a complex and multifaceted construct and there is a need to ground the 

research of acceptability in a theoretical framework [346]. In a recent review of the 

concept of acceptability, 43 systematic reviews were identified that explored the 

acceptability of healthcare interventions. However, only 4 provided an explicit definition 

of acceptability with little theoretical basis or rationale [347]. Sekhon, Cartwright [347] 

provided a comprehensive and systematically developed definition of acceptability and 

identified its components (Table 60). 
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Table 60: The constructs of the theoretical framework of acceptability 

Theoretical framework of 

acceptability  
Definition 

Affective Attitude How an individual feels about the intervention  

Burden 
The perceived amount of effort that is required to 

participate in the intervention  

Perceived Effectiveness 
The extent to which the intervention is perceived as 

likely to achieve its purpose  

Ethicality 
he extent to which the intervention has good fit with an 

individual’s value system  

Intervention Coherence 

The extent to which the participant understands the 

intervention, how it addresses their condition and how 

it works  

Opportunity Costs 
The extent to which benefits, profits or values that must 

be given up to engage in the intervention  

Self-efficacy  
The participant’s confidence that they can perform the 

behaviour(s) required to participate in the intervention  

 

The framework was used to develop the initial topic guide for the interview schedule. As 

described in section Summary of Patient and Public Involvement (Chapter 4), two PPI 

representatives commented on the topic guide. The feedback relating to the topic guide 

was particularly helpful around the wording of one of the acceptability components 

Ethicality. The phrasing of the question was difficult to understand and was changed 

following the feedback from the PPI representatives.  

6.2.2 Interviews with data prompts  

Memory bias is a cognitive bias that alters the content of the reported memory. Data-

prompted interviews use personalized multimedia prompts, such as photos, videos, 

audio recordings, graphs and text. These are used to stimulate discussion in a qualitative 

interview setting. 

 



 
 
   

 268 

The advantages of using data-promoted interviews is their potential to facilitate the 

retrieval of memory from the past (the retrieval of the contextual memory during the 

intervention periods). As such, the prompts can stimulate and guide the discussion, 

complement or contrast participants’ responses [348] and hence provide a more holistic 

and rich data [349]. 

 

As it was not practical for this study to observe participants in their daily life to understand 

the usage (or non-usage) of the apps, I used data prompts to facilitate the recall of the 

experiences of PA and apps.  

 

Data-prompted interviews have been used to gain in-depth understanding of participants’ 

experience, for example, in adherence to medications in Cystic Fibrosis [350], exploring 

the environmental factors underpinning weight loss maintenance [351] , to understanding 

PA maintenance following cardiac rehabilitation [352], and to generate insight into app 

usage of smoking cessation app [353]. 

Three types of data were used to prompt participants’ memory and to minimise the social 

desirability bias that might have occurred in the context of an interview [354]. First, I used 

participants’ survey responses when relevant. An example of the use of the prompt is an 

interview situation when participant speaks favourably of the app intervention but only 

rated the app 3 stars in the follow up questionnaire. Enquiring the reasons for this rating 

prompted the exploration of new areas of the conversation. Secondly, I used the 

screenshots of activity (Figure 53 showing the sample screenshots) to discuss the 

amount of usage and, most importantly, the reason for the usage and non-usage. Lastly, 

the multimedia diaries were used, where available, to evoke contextual memory of the 

intervention period (Figure 54 shows example diaries sent be participants).  
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Figure 53: sample screenshots of the usage of the apps used in the interview 

(Source: 7 Minute Workout Challenge by Fitness Guide Inc. and One You Couch to 5k 

by Public Health England) 
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Figure 54: sample of the multimedia diaries provided by the participants used in the 

interview: a) notes and screenshots, b) photos 

a) notes and screenshots 
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b) photos 
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6.2.3 Strategic considerations for data analysis in this study 

The analysis process included two methods. First, the data were analysed following a 

thematic analysis to identify influences (enablers and barriers) on PA engagement, and 

how apps can help or hinder PA engagement. The second stage was to map the 

influences on behaviour onto the TDF and COM-B to help to systematically characterise 

the areas critical to behaviour change in the context of increasing PA in people who are 

physically inactive and residing in urban environments.  

The rationale for the use of the COM-B and TDF in this thesis was presented in the 

Introduction Chapter. These tools were used to map the PA determinants/correlates to 

systematically select the measures for the feasibility trial (Appendix J and K). In the 

context of this study, the COM-B and TDF were used to categorise and describe in 

theoretical terms the influences, i.e., enablers and barriers, on PA behaviours, identified 

in the interview. The use of this framework was particularly important for the next stages 

of research beyond this thesis that I am hoping to conduct (see section ‘Immediate future 

research direction’, Discussion Chapter). The data were described using both COM-B 

and TDF, with COM-B offering a higher level summary and TDF offering a more granular 

level of analysis (Labels, definitions and examples are presented in Table 61 for COM-

B and Table 62 for TDF). 
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Table 61: Labels, definitions and examples of COM-B (reproduced with permission from 

[113]) 

COM-B model component  

Definition 

Example 

Physical capability 

Physical skill, strength or stamina 

Having the skill to take a blood 
sample 

Psychological capability 

Knowledge or psychological skills, strength or 
stamina to engage in the necessary mental 
processes 

Understanding the impact of CO2 
on the environment 

Physical opportunity 

Opportunity afforded by the environment 
involving time, resources, locations, cues, 
physical ‘affordance’ 

Being able to go running 
because one owns appropriate 
shoes 

Social opportunity 

Opportunity afforded by interpersonal 
influences, social cues and cultural norms that 
influence the way that we think about things, 
e.g. the words and concepts that make up our 
language 

Being able to smoke in the house 
of someone who smokes but not 
in the middle of a boardroom 
meeting  

Reflective motivation 

Reflective processes involving plans (self-
conscious intentions) and evaluations (beliefs 
about what is good and bad) 

Intending to stop smoking 

Automatic motivation 

Automatic processes involving emotional 
reactions, desires (wants and needs), 
impulses, inhibitions, drive states and reflex 
responses 

Feeling anticipated pleasure at 
the prospect of eating a piece of 
chocolate cake 
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Table 62: Labels, definitions and examples of TDF domains (reproduced with permission 

from [113]) 

 

Domain 

Definition 

Theoretical constructs represented within 
each domain 

Knowledge  

An awareness of the existence of 
something 

Knowledge (including knowledge of condition 
/scientific rationale); procedural knowledge; 
knowledge of task environment 

Skills  

An ability or proficiency acquired 
through practice 

Skills; skills development; competence; 
ability; interpersonal skills; practice; skill 
assessment 

Memory, attention and 
decision Processes  

The ability to retain information, 
focus selectively on aspects of 
the environment and choose 
between two or more alternatives 

Memory; attention; attention control; decision 
making; cognitive overload / tiredness 

Behavioural regulation  

Anything aimed at managing or 
changing objectively observed or 
measured actions 

Self-monitoring; breaking habit; action 
planning 

Social/professional role and 
identity  

A coherent set of behaviours and 
displayed personal qualities of an 
individual in a social or work 
setting 

Professional identity; professional role; social 
identity; identity; professional boundaries; 
professional confidence; group identity; 
leadership; organisational commitment 

Beliefs about capabilities  

Acceptance of the truth, reality, or 
validity about an ability, talent, or 
facility that a person can put to 
constructive use 

Self-confidence; perceived competence; self-
efficacy; perceived behavioural control; 
beliefs; self-esteem; empowerment; 
professional confidence 

Optimism 

The confidence that things will 
happen for the best or that 
desired goals will be attained 

Optimism; pessimism; unrealistic optimism; 
identity 

Beliefs about consequences 

Acceptance of the truth, reality, or 
validity about outcomes of a 
behaviour in a given situation) 

Beliefs; outcome expectancies; 
characteristics of outcome expectancies; 
anticipated regret; consequents 
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 Intentions 

A conscious decision to perform 
a behaviour or a resolve to act in 
a certain way 

Stability of intentions; stages of change 
model; transtheoretical model and stages of 
change 

Goals 

Mental representations of 
outcomes or end states that an 
individual wants to achieve 

Goals (distal / proximal) ; goal priority; goal / 
target setting; goals (autonomous / 
controlled); action planning; implementation 
intention  

Reinforcement  

Increasing the probability of a 
response by arranging a 
dependent relationship, or 
contingency, between the 
response and a given stimulus 

Rewards (proximal / distal, valued / not 
valued, probable / improbable); incentives; 
punishment; consequents; reinforcement; 
contingencies; sanctions  

Emotion  

A complex reaction pattern, 
involving experiential, 
behavioural, and physiological 
elements, by which the individual 
attempts to deal with a personally 
significant matter or event  

Fear; anxiety; affect; stress; depression; 
positive / negative affect; burn-out 

Environmental context and 
resources  

Any circumstance of a person's 
situation or environment that 
discourages or encourages the 
development of skills and 
abilities, independence, social 
competence, and adaptive 
behaviour 

Environmental stressors ; resources / material 
resources ; organisational culture /climate ; 
salient events / critical incidents; person x 
environment interaction; barriers and 
facilitators 

Social influences  

Those interpersonal processes 
that can cause individuals to 
change their thoughts, feelings, 
or behaviours  

Social pressure; social norms; group 
conformity; social comparisons; group norms; 
social support; power; intergroup conflict; 
alienation; group identity; modelling 

 

In short, the use of COM-B and TDF enables to systematically characterise the 

influences (enablers and barriers) on PA behaviour and to investigate whether these 

influences have been addressed by the content of the interventions. As such, these 

frameworks enable to identify the gaps between what is targeted by the intervention (e.g., 

BCTs), and what should be targeted by the intervention (influences on PA behaviour). 
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The COM-B and TDF have been used before to understand the influences on the 

behaviour using qualitative [355-357] and quantitative methodology [358-360].  

The rationale for the focus on two behaviours: PA behaviour and app-related 

behaviour  

The two specific behaviours under investigation were i) PA and ii) the use of two app 

interventions (trialled in Study 3) to increase PA. The rationale for looking at PA 

behaviour in general, in addition to using the apps to increase PA, was to understand 

the factors that influence engagement with PA in people who are physically inactive and 

residing in urban environments. By investigating both behaviours, there is an opportunity 

to construct a more holistic picture of enablers and barriers to PA in this population but 

also to explore the gaps that apps address and do not address, and finally, to provide 

some recommendations for the developers of digital interventions to consider. 

6.2.4 Reflexivity  

I considered the various influences of the researcher upon the research process and the 

findings [361]. I see myself as someone who acknowledges the difficulty of behaviour 

change with multiple and repetitive first-hand experience of the intention-behaviour 

incongruence. I believe that this experience has provided me with the sensitivity and 

empathy towards the participants who shared their experience in the interview.  

 

I am aware that there might be a stigma connected to health behaviour and, throughout 

the interview process, I was mindful of the possibility that the interviewees that did not 

engage with the apps may be concerned about being labelled as lazy (or be critical 

towards themselves) and might want to protect their ego by providing multiple reasons 

outside their control to accommodate for their lack of engagement with the apps and PA. 

Hence, I assured each of the participants about the non-judgemental attitude I held. I 

also mentioned, where appropriate, that I may question their reason for non-engagement 
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further. I perceived that a good rapport was built with all the participants that took part in 

the interviews. 

 

6.2.5 Aim and objectives  

The aim of this study was to explore the acceptability of the trial, and to understand the 

issues around PA engagement in physically inactive adults living in urban environments 

and how apps can influence the engagement with PA (i.e., to identify their potential as 

behaviour change tools). The specific objectives of the study were: 

 

 To identify acceptability issues with the trial procedures  

 To describe the influences of engagement in PA 

 To identify the enablers and barriers to engagement in PA 

 To identify how these two apps can help or hinder engagement in PA  

 

6.3 Methods  

6.3.1 Design 

Qualitative data-prompted semi-structured interviews. Data prompts were used to 

facilitate the recall of the experiences of PA using apps. The interviews allowed for in-

depth understanding of acceptability of the study procedures and the interventions, 

and the exploration of the two behaviours: PA generally, and PA using the two apps 

trialled.  

6.3.2 Sample 

Purposive sampling was used to select potential interviewees. Participants that showed 

frequent usage of the apps, as well as those who used the app infrequently (as assessed 
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on the DBCI Engagement Scale [272] by the amount of use - participants’ report on the 

time spent on using both apps) were interviewed to obtain a diversity of experiences. In 

addition, a variety of demographic characteristics was considered to capture the views 

of a range of participants as can influence both PA [263] and engagement in digital 

interventions [362, 363]. 

6.3.3 Recruitment procedure 

Participants who took part in the crossover trial and consented to being interviewed were 

included in this study. The recruitment was intended to continue until the researcher 

gathered a varied data from participants of different socio-demographic characteristics 

as well as different levels of app engagement.  

6.3.4 Data collection and procedures 

Source of data prompts  

During the interview, the data that were used to prompt the participants’ memory were: 

1) their survey responses, 2) screenshot of the activity recorded by the apps, 3) 

multimedia diaries 

 

In relation to the 2nd source, screenshots of the app feature that showed the completed 

PA sessions (Activity calendar for App A and My runs for App B) were used to prompt 

the recall of the experiences during the interviews. In relation to the 3rd source, 

multimedia diaries, participants were asked to record any reflections of their experiences 

of the apps using various media of their choice: text, photography, audio and video 

recordings during the intervention phase of the feasibility trial. This was not a compulsory 

element of data collection. The data prompts were printed and brought into the interview 

session and participants were asked to refer to their prompts whenever relevant. In 

addition, participants were asked to open each app at the point of discussion to trigger 

their memory. 
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6.3.5 Procedures  

The topic guide was developed with the aid of the theoretical framework of acceptability 

of healthcare interventions. [347] (Appendix P presents the interview topic guide used).  

 

All interviews were conducted within the Department of Primary Care and Population 

Health or at the main University College London campus in a pre-booked room. Each 

participant was reminded of the reasons they had invited for the interview. They were 

reassured that the recordings and the transcripts of the interview would be anonymized 

and that no personally identifiable information was linked to the data they provide. They 

were reminded about the importance of their views and opinions, and were assured that 

there were no right or wrong answers. The request for permission to record the interviews 

was repeated before starting each interview.  

 

After each interview, I made notes about my perception about any non-verbal 

communication and any notable events to understand the context of the interview. These 

field notes formed part of the dataset.  

6.3.6 Data analysis 

The interviews were digitally recorded and transcribed verbatim by a professional 

transcription company. Each transcript was checked against the recordings for accuracy 

and any identifiable information was removed. Subsequently, NVivo 12, a software 

package that aids with the organisation of the data, was used for the analysis.  

 

Different types of analyses were used to understand the acceptability of the trial 

procedures (first objective) and the influences of PA and the use of apps (objectives 2-

4).  
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The analysis of the trial procedures (first objective of this study) focused on identifying 

any issues with the trial procedures, including the use of two apps and the data collection 

methods (accelerometer wear, EMA collection, questionnaires). As such, the focus of 

the analysis was on any negative feedback in order to minimise the issues when the 

definitive trial is conducted. 

 

As described in the Background of this chapter concerned with methodological 

consideration, the analysis of the issues with PA engagement and the apps (the 

subsequent three objectives) followed two steps: 1) initial analysis was conducted using 

a thematic analysis [364] 2) followed by a mapping exercise using the TDF [115] and 

COM-B [113, 114]. 

 

Stage 1: thematic analysis  

The process of thematic analysis followed the guidance outlining the six stages of 

conducing the thematic analysis [364].  

 

First, I familiarised myself with the data through repeated reading and searching for 

patterns and meaning. For this analysis, the emphasis was on the influences of PA and 

whether the apps interventions were seen as facilitating or hindering PA behaviour. 

Secondly, I generated the initial codes. Third, I searched and identified themes. Fourth, 

I actively reviewed the themes whilst looking for disconfirming data. This was a 

continuous process. In addition, specifically to this study, I characterised each theme as 

a barrier, enabler, or both (if the theme was a combination of a barriers and enabler). I 

then reviewed and re-defined the descriptive labels for the themes (step five). Lastly, I 

produced the report summarising the themes and illustrating these with quotes (step six). 
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Participants’ responses were coded only when they related to what they had done with 

the app and not about what they could do. Data clinic was held in the initial stages of the 

analysis to explore two transcripts and to discuss the emerging themes. Next, following 

the initial data analysis, there were two rounds of feedback where the themes with the 

quotes were presented to two experienced researchers (EM and FH) to obtain 

agreement and other interpretations of the data. The analysis was refined until 

agreement was reached. 

 

Stage 2: Mapping of the themes onto the COM-B and TDF 

In stage 2 I deductively coded the themes, representing enablers and barriers or both, 

into the TDF and COM-B domains they were judged to best represent. It was possible 

for a data point to be allocated to more than one domain where appropriate. The process 

was examined against the quotes of the participants to increase the congruency of the 

data with the TDF and COM-B. The initial coding of the data on to the TDF and COM-B 

was discussed and refined, and checked again by an experienced researcher (GF). 

To facilitate the presentation of the data, the summary of the themes with the mapping 

of the theoretical frameworks was summarised including the representative quotes.  

6.4 Results  

Of 66 participants that took part in the trial, two did not agree to take part in the interviews. 

Interviews were conducted with 36 participants. However, the analysis was conducted 

concurrently until no new data were found to contribute to the analysis. Consequently 20 

interviews were analysed. The participants represented a diverse range of demographic 

characteristics and level of engagement with the apps as well as satisfaction with the 

apps (Table 63). 
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Table 63: Profile characteristics of participants that took part in the interview (N = 20) 

  N (%) 

Age (years), n (%) 18-24 2 (10) 

 25-34 11 (55) 

 35-44 3 (15) 

 45-54 3 (15) 

 55-64 1 (5) 

   

Gender, n (%) Female 10 (50) 

   

Ethnicity, n (%) White 15 (75) 

 Asian  3 (15) 

 Black 1 (5) 

 Mixed 1 (5) 

   

Amount of use (min), n (%)*: Minutes N (%) 

App A (7 min =  

1 session) 0-10 4 (20) 

 11-30 4 (20) 

 31-50 5 (25) 

 51-70 2 (10) 

 71- 90 2 (10) 

 91 2 (10) 

App B (30 min = 

1 session) 0-30 12 (60) 

 31-60 3 (15) 

 61-90 1 (5) 

 91-120 3 (15) 

 121 1 (5) 

*as measured using the DBCI Engagement Scale, 

participants’ report of the time spent on using each app  

 

The following section first reports on the acceptability of the trial, and subsequently 

presents the themes relating to the influences on PA engagement and how app 
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interventions helped or hinder PA engagement. A summary table of the themes with the 

classification using the TDF/COM-B is also presented.  

 

6.4.1 Acceptability of the trial design and procedures  

It was important that the feedback from the participants relating to the design of the trial, 

and its procedures (including the length of the study, the schedule, and the data 

collection methods) was recorded and analysed so that these insights could highlight 

any areas for development for the future definitive trial. The table below (Table 64) 

provides a summary of the acceptability of the trial design and procedures to consider 

when proceeding to the definitive trial.  

 

Table 64: Summary of the acceptability of the trial design and procedures with example 

quotes 

 

Theme  Sub-theme  Example quote(s) [Study ID, age, gender] 

Trial design  “Trying” two 
apps perceived 
as beneficial  
 

I think, I think it’s a good number, two apps. 
Because it for example, when I first started, I 
remember to feel, oh, excited because there 
were two apps that I didn’t know about. I was 
excited about using it. So, I think two apps is 

a good number. Maybe three (…) [006-CAT, 
26, F] 
 

Complexity of 
the design  

The third week I thought it was just a case of 
wearing the recorder again, but I should 
really have kept doing the exercises. [033-
STE, 64, M]  
 

Accelerometer  Ease of use  I never really forgot to put it on. But I was, I 
tend to forget to take it off at night, because, 
for example, I would be already in my like 
the, the sleeping kind of clothes and still 
doing something at the computer for another 
three hours or two hours. And then I’ll just 
move to bed and finally I would just fall 
asleep. Not remembering, like I didn’t get to 
remember that I had this on me, like it was 
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never – like I could never really feel that I 
have it. [028-ADA, 30, F] 
 

Discomfort 
around wearing 
the device  

I’m never wearing one of those stupid things 
again. Honestly, it sticks out. I had to change 
some clothes I was wearing because I don’t 
have belts… People think you’ve got 
something stuck on you. You can see it. It’s 
like walking around with a flipping 
Tamagotchi stuck to you. [022-MIC, 36, M] 

Unstable 
position  

Yes, that’s when you’d notice, yes, or at the 
end of the day, I’d be like, “Oh I didn’t notice 
that it had moved up.” And I don’t know if 
that’s because I hadn’t put it on properly to 
begin with or I suppose it just moves up if 
you’re sitting down. And then you have to 
remember to adjust it, I don’t know, when you 

get up again. [034-SAR, 34, F] 
Suspicious 
object  

You do worry sometimes that somebody’s 
got a, you know, you don’t know – a member 
of the public, it could be a tourist, especially 
in London, they see a big red thing there 
around your waist. [045-LIA, 26, M] 
 

Awareness of 
monitoring 
(Hawthorne 
effect) 
 

I didn’t, I don’t believe that it changed my 
behaviour because of it, but I was really 
aware of it. And being like, “Oh I’m wearing 
heels, so I’m not going to walk to the tube. 
[023-ADR, 32, F]  
 

EMA of mood 
using an app  

Nonresponse  I didn’t mind that at all. It just popped things 
up now and then. I don’t tend to keep my 
phone on me during the day so I tend to miss 
them while I’m at work but I didn’t mind doing 
them otherwise. [022-MIC, 36, M]  
 

Awareness of 
the mood in the 
moment  
 

But yes, I kind of liked it, because you know it 
stops you in the middle of your day and say, 
Oh, “So how are you feeling?” And then you 
know, you’re kind of, “How am I feeling?” 
[064-HAY, 33, F]  
 

The type of 
prompting  

The barking, annoyed, violent – so I normally 
have my phone on, on vibrate or silent. But it 
vibrates my watch when the, when the dog 
wanted attention. [052-WAR, 44, M] 

Technical 
issues with the 
app software  

Yes, so I just – the email thing was like, I 
don’t understand why. I can understand why 
it might be my email, but not my email’s 
password. And yes, just like the barking 
made me – like I’d be sitting at my desk and 
it would be going (makes a barking sound) 
and I’d be like, “Oh.” Not even like ‘woof’. It 
was like (loud barking noise). And yes, and it 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/THEMES/66b1cf49-2ba9-4354-bacb-86cf69c41667


 
 
   

 285 

just would do it in the middle of the night. 
[023-ADR, 32, F]  
 

Follow up 
questionnaires 
 

Awareness of 
sedentary 
behaviour  

Yes, yes, I’ve done or how – I mean it was 
crazy for me to just realise how much I sit. 
There is that question, how many hours a 
day you sit. And really, like being super 
honest, fourteen – that was really crazy, you 
know, it was just crazy to realise that that is 

the reality. [028-ADA, 30, F] 
 

 

6.4.1.1 Trial design 

As I was unable to find any previous studies using this crossover design requiring 

participants to use two apps, I was interested in participants’ experience of being asked 

to try two apps in a sequential order for 2 weeks each.  

 

“Trying” two apps perceived as beneficial  

Overall, participants reported this as a positive experience as they were able to compare 

and potentially select the PA they preferred: 

I think I like the fact that there was more than 1 app. Because there’s 

something you can compare it to. I think if it was just one app I guess 

I wouldn’t have minded. I like use a lot of apps anyway. So, I guess I 

can compare it, like in my head, to like some degree. [010-LUC, 19, F] 

And: 

I think, I think it’s a good number, two apps. Because it for example, 

when I first started, I remember to feel, oh, excited because there were 

two apps that I didn’t know about. I was excited about using it. So, I 

think two apps is a good number. Maybe three even though. [006-CAT, 

26, F]  

 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/THEMES/81d7b904-8cd3-4ce6-9748-d57bcfdd8d7f
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 286 

Complexity of the design 

However, a complex design (1 week baseline, 2 weeks each of the apps assessment, 

with 3 weeks of accelerometer wear) might create some confusion about the procedures 

for participants. For example, there was one instance when the participant did not 

engage with the app during the second week of interventions phase: 

The third week I thought it was just a case of wearing the recorder 

again, but I should really have kept doing the exercises. [033-STE, 64, 

M] 

 

6.4.1.2 Accelerometer  

Most of the participants who wore the accelerometer reported they had little issues with 

it. Some of them mentioned forgetting to wear it at times. However, placing the device 

by the bedside table helped them to remember. Some participants found the schedule 

and the reminders to wear accelerometer also helpful.  

 

Ease of use  

The below extract illustrates the ease of use of the device. Often participants reported 

forgetting about it within a few minutes of placing it on their hip. For example: 

I never really forgot to put it on. But I was, I tend to forget to take it off 

at night, because, for example, I would be already in my like the, the 

sleeping kind of clothes and still doing something at the computer for 

another three hours or two hours. And then I’ll just move to bed and 

finally I would just fall asleep. Not remembering, like I didn’t get to 

remember that I had this on me, like it was never – like I could never 

really feel that I have it. [028-ADA, 30, F]  

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/THEMES/79647bac-7c01-44c5-8cb6-292bae5e13b0
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There were two cases where the participants reported strongly disliking wearing the 

device although they still adhered to the wear protocol: 

Yes, I hated it at the end. Especially if you drink a lot of Coke and water 

you always want to go to the loo and you have this thing pushing you 

there. So I found that annoying. But as you can see, I was also 

removing it so I was trying to wait for the very morning. Else, if I had 

shower maybe the morning and then wear it until bed. [042-MAR, 25, 

F]  

In addition, the second participant mentioned discomfort and self-consciousness around 

wearing the device. 

…but I’m never wearing one of those stupid things again. Honestly, it 

sticks out. I had to change some clothes I was wearing because I don’t 

have belts… People think you’ve got something stuck on you. You can 

see it. It’s like walking around with a flipping Tamagotchi stuck to you. 

[022-MIC, 36, M]  

Unstable position 

Another problem with the device (that might potentially affect the data gathering) was the 

issue with the device moving, and especially, rising up. For example: 

Yes, that’s when you’d notice, yes, or at the end of the day, I’d be like, 

“Oh I didn’t notice that it had moved up.” And I don’t know if that’s 

because I hadn’t put it on properly to begin with or I suppose it just 

moves up if you’re sitting down. And then you have to remember to 

adjust it, I don’t know, when you get up again. [034-SAR, 34, F]  

 

 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/THEMES/81b5c817-ddf3-4d9b-a33d-5e14461a668c
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Suspicious object  

Two participants were worried about the device being perceived as suspicious. This 

might be especially relevant in the context of a city when considering the heightened 

level of alert around public transport: 

…you do worry sometimes that somebody’s got a, you know, you don’t 

know – a member of the public, it could be a tourist, especially in 

London, they see a big red thing there around your waist. [045-LIA, 26, 

M]  

Awareness of monitoring (Hawthorne effect) 

A concern around the assessment using accelerometers that was explored in this study 

was behaviour change because of the sheer awareness of being monitored. Only a few 

participants reported being more aware, especially at the beginning of the trial: 

I think it made me a bit more aware of what I was doing. I mean 

sometimes it was a bit like, you know, something else to think about, if 

I. I mean it was not, not a big deal. It became part of a routine and a 

pattern. So, it’s like wake up, take a shower and then put it on. And 

then just, I mean you kind of forget that it’s there, really. Yes. [064-

HAY, 33, F] 

Another example of the awareness of the device and the potential altered behaviour:  

I didn’t, I don’t believe that it changed my behaviour because of it, but 

I was really aware of it. And being like, “Oh I’m wearing heels, so I’m 

not going to walk to the tube. [023-ADR, 32, F]  

6.4.1.3 Ecological Momentary Assessment of mood using an app 

Most of the participants did not have any issues with the EMA assessment of mood. 

However, some important points were identified, such as the potential of EMA as an 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/THEMES/66b1cf49-2ba9-4354-bacb-86cf69c41667
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intervention, the preference for the prompts and the technical issues with the PACO 

software specifically.  

Nonresponse  

The nature of the prompts (at random times) meant that some of the prompts were not 

answered, especially during working hours: 

I didn’t mind that at all. It just popped things up now and then. I don’t 

tend to keep my phone on me during the day so I tend to miss them 

while I’m at work but I didn’t mind doing them otherwise. [022-MIC, 36, 

M]  

Awareness of the mood in the moment  

There was evidence that the assessment using EMA made the participants more aware 

of their mood and to reflect on how they felt. For example: 

But yes, I kind of liked it, because you know it stops you in the middle 

of your day and say, Oh, “So how are you feeling?” And then you know, 

you’re kind of, “How am I feeling?” It’s like alright. So, how do you sort 

of make this assessment of how you’re feeling? [064-HAY, 33, F]  

Similarly, awareness of mood seemed to act as a positive reinforcement: 

I think actually I was on the happier end of it more as time went on. I 

think, because it did make me feel quite a bit better even if, you know, 

I think I went through a really stressful period at work, but actually it 

didn’t affect me like it might have done, I would say. I think I might have 

ended up unwell and off work with the amount of work I ended up 

having to do. But I didn’t. I actually flew through it, kind of thing. So 

yes, for me, that was quite an interesting exercise. [034-SAR, 34, F]  
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The type of prompting  

It has to be noted, that some participants enjoyed the barking (PACO’s default prompt 

that delivered the EMA) as the prompt to engage with the app. Some participants, 

however, had more negative feelings about the sound. These to extract illustrate the 

mixed feelings about the notification: 

I thought it was actually quite funny. I think the choice of the dog was 

a good one because the dog is a popular animal. Most people like 

them. I like dogs, I like cats as well. I’m not one of these people that. 

[031-MAR, 53, M]  

And:  

The barking, annoyed, violent – so I normally have my phone on, on 

vibrate or silent. But it vibrates my watch when the, when the dog 

wanted attention. [052-WAR, 44, M]  

Technical issues with the app software 

As mentioned in the previous chapter (section ‘Ecological Momentary Assessment of 

mood’), there was an issue with the automatic notification on Android phones. In addition, 

a handful of participants would receive notifications in the night:  

Yes, so I just – the email thing was like, I don’t understand why. I can 

understand why it might be my email, but not my email’s password. 

And yes, just like the barking made me – like I’d be sitting at my desk 

and it would be going (makes a barking sound) and I’d be like, “Oh.” 

Not even like ‘woof’. It was like (loud barking noise). And yes, and it 

just would do it in the middle of the night. [023-ADR, 32, F]  
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6.4.1.4 Follow up questionnaires 

None of the participants had any issues with the questionnaires. Some participants 

mentioned their increased awareness when filling in the IPAQ which asked about the 

time (hours and/or minutes) of engagement in PA. For example, the realisation of how 

much time is spent sedentary: 

Yes, yes, I’ve done or how – I mean it was crazy for me to just realise 

how much I sit. There is that question, how many hours a day you sit. 

And really, like being super honest, fourteen – that was really crazy, 

you know, it was just crazy to realise that that is the reality. [028-ADA, 

30, F]  

6.4.2 The influences (enablers and barriers) on PA behaviour and how 

apps can help or hinder PA engagement (their potential as a 

behaviour change tool) 

The map summarising the themes within the model of behaviour (COM-B) with TDF 

domains is presented in Figure 55. 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/79647bac-7c01-44c5-8cb6-292bae5e13b0
file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/79647bac-7c01-44c5-8cb6-292bae5e13b0


     

 292 

Figure 55: Summary of the themes with COM-B / TDF classification 

COM-B components

MOTIVATION (REFLECTIVE)

“The mind is willing, but the flesh is weak”: (in)congruence between 

intentions and behaviour

Self-efficacy to conduct the PA prescribed in the apps

Health beliefs about the positive and negative consequences of 

engaging in PA

Beliefs about safety of the PA prescribed in the apps

“But there’s always something more important”: conflicting priorities

MOTIVATION (AUTOMATIC)

Emotional influence: guilt and anxiety vs feelings being of supported, 
invigorated, uplifted, motivated

Provision of achievements (App A)

OPPORTUNITY (PHYSICAL)

Engagement in PA is weather-dependent

Lack of time 

Outdoor built environment: access to green spaces and safe 
neighbourhood

Indoor environment: “equipment” and consideration for neighbours 

(App A) 

OPPORTUNITY (SOCIAL)

“had you been on your own you wouldn’t have done it, so that’s a 

double win”: social aspect

The versatile role of the audio coach: funny, assertive or harsh

(App B)

CAPABILITY (PSYCHOLOGICAL)

Misconceptions around PA versus positive feedback from the body 
following the PA session

Preferences of PA influences PA behaviour

“like being reunited with an old friend”: previous PA experience 
influences engagement in PA 

App as a tool providing a structure to fit PA into the routine

Provision of concrete and achievable goals 

CAPABILITY (PHYSICAL)

Tailoring of the app to the users’ starting level of fitness

Intentions

Beliefs about capability

Goals 

Emotions

Reinforcement

Beliefs about consequences

Beliefs about consequences

Knowledge Skills

Memory, attention and decision processes 

Memory, attention and decision processes 

Skills (physical) 

Social influence 

Social influence

Environmental context and resources

Environmental context and resources

Environmental context and resources

Environmental context and resources

Enablers and barriersTDF domains

Behavioural Regulation

Behavioural Regulation
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The results are presented for each of the COM-B components for both behaviours 

tackled in this study: 1) PA in general, 2) app-specific PA behaviour, and reflect the goals 

of this section which were to identify the influences (enablers and barriers) of PA 

behaviour, and to identify how the two app interventions can help or hinder PA 

engagement (presented in sections: Apps as potential behaviour change tools).  

There were instances where themes related to either PA behaviour specifically or to app 

PA behaviour but not both. In such cases, this is indicated in the summary table and the 

results. Because of the nature of the trial, some parts of the analysis are presented for 

each app specifically, if there were themes related to each of the apps that needed 

addressing.  

The subsequent results are described using both COM-B and TDF, with COM-B offering 

a higher level summary and TDF offering a more granular level of analysis. Each section 

of the results begins with a table summary of the COM-B components: Motivation (Table 

65), Opportunity (Table 66), and Capability (Table 67).  

6.4.2.1 Motivation  

This section of the results presents the influences on behaviour classed within the 

Motivation domain of the COM-B model. The summary of the themes representing 

influences on PA behaviour in general (i.e., enablers, barriers or both) and app-specific 

PA behaviour (as potentially enabling or hindering engagement in PA), with example 

quotes is presented below. Following, each theme is presented in-depth with 

accompanying supporting quotes.  

Table 65: Summary table of the themes with TDF/COM-B classification for the domain 

Motivation 
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COM-B TDF 

domain 

Enabler, 

Barrier,  

Both 

Theme – 

influences on 

PA behaviour 

in general 

PA behaviour in 

general  

Example quote(s) 

[Study ID, age, 

gender] 

Apps as potential 

behaviour change 

tools  

App-specific PA behaviour  

Example quote(s) 

[Study ID, age, gender] 

REFLECTIVE 

MOTIVATION 

 

Intentions Both “The mind is 

willing, but the 

flesh is weak”: 

(in)congruence 

between 

intentions and 

behaviour 

I guess of those 

cases where the 

mind is willing, but 

the flesh is weak. So, 

it’s like I know I 

should do it, I know 

it’s good for me, but I 

just don’t want to. 

[064-HAY, 33, F]  

 

Enabler through raising 

awareness of own PA 

and the perceived 

improvement following 

completion of the PA 

session 

I thought, “Oh my God, if it’s going to be like this 

every time I do it, I’m not sure that I’ll keep it up.” 

And doing it the second, the third and the fourth 

time, it just got easier and easier. And I think that 

makes a difference in terms of your commitment 

to do it. If I’d done it and it had been as 

challenging every time and I hadn’t noticed any 

improvement, then I think I would have struggled 

to keep it up. [054-NIG, 53, M]  

 Beliefs 

about 

capability 

Both Self-efficacy to 

conduct the PA 

prescribed in 

the apps 

So I guess you 

would find out, 

because I do know 

people who have 

used this, and they 

said they loved it. 

But they’re also built 

very slight and, you 

know, kind of natural 

runners, whereas I’m 

not. [052-WAR, 44, 

M]  

Enabler through the 

ability to go at own 

pace using the app and 

the positive feedback 

from the body following 

completion of the PA 

session; it may hinder 

if the user perceives 

their inability to do the 

PA targeted in the app 

I found it quite easy to sort of keep up with the 

exercises. Because I could pause it when I 

wanted to and there was also a demonstration as 

well of a man and a woman doing the exercise 

and so it was easy to know as to what, how to 

perform them. And that gave me more confidence 

as well in doing it accurately. [025-OUS, 25, M]  

 

So, I played around with that, but I found when I 

was playing around with it (…).And I, like my ab 

muscles are like non-existent. So, I know it’s 

something I need to work on but working on it isn’t 

like, it’s hard to do ab workouts. [010-LUC, 19, F]  
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 Beliefs 

about 

conseque

nces 

Both Health beliefs 

about the 

positive and 

negative 

consequences 

of engaging in 

PA 

And I think there’s 

something about, 

generally speaking, I 

want to be, you 

know, I want to be 

healthy. I don’t want 

to be Type 2 diabetic 

and I don’t want to 

have high blood 

pressure or I don’t 

want to drop dead of 

a heart attack. So 

there’s something 

about just wanting to 

be comfortable, 

healthy really. [054-

NIG, 53, M]  

 

Enabler through 

engagement with the 

app, and the voice 

coach; may hinder if 

the PA was perceived 

as potentially 

detrimental to health or 

not congruent with 

health goals 

Yes, that was an early morning run. ‘I’m working 

better with the coach.’ Yes, it was good, because I 

woke up and I hadn’t done the run the day before, 

or maybe it was like two days and I thought, “Oh I 

have to do one today.” And that was about seven 

in the morning. I couldn’t sleep. So I hadn’t had a 

good sleep so I thought, “Right I’ll just go out and 

try and clear my head,” and it was really good. So 

I did that. [006-CAT, 26, F]  

 

I think I’m open-minded about it. But I’m not sort of 

desperate to sort of do that do that kind of 

exercise. Because I’m not sort of overweight or 

obese that would require me to do that. [025-OUS, 

25, M]  
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 Beliefs 

about 

conseque

nces  

Both 

(app-

specific) 

Beliefs about 

safety of the 

PA prescribed 

in the apps 

N/A  Barrier: Safety issues 

with no thorough 

guidance of how to 

conduct the exercises 

safely and lack of 

warmup/cooling down 

(App A); safety of 

running in urban 

spaces and the 

potential for injury (App 

B); enabler: Guidance 

and incremental 

increase in running was 

seen as safe (App B) 

I think I was, I was a bit, not really concerned – I 

guess I was surprised the way it takes you straight 

into the exercises with no warmup. And that’s 

probably not so much of an issue now that I’m 

finding it a bit easier. But at the start, I thought, 

“Oh my God.” (…)And it didn’t ask you to do any 

stretches at the end. So I was a bit surprised 

about that. [054-NIG, 53, M, App A]  

 Goals  Barrier “But there’s 

always 

something 

more 

important”: 

conflicting 

priorities 

It’s like one of the 

things that it’s good 

to value exercising 

and I’d like to get 

somewhere where 

I’d like to value it but 

it’s not happening. I 

think, yes. [010-LUC, 

19, F]  

Not mentioned explicitly 

how apps can help with 

the prioritisation of PA; 

no app content features 

that enable prioritisation  

N/A 
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AUTOMATIC 

MOTIVATION 

 

Emotions Both Emotional 

influence: guilt 

and anxiety vs 

feelings of 

being 

supported, 

invigorated, 

uplifted, 

motivated 

I feel so guilty, 

honestly. Everyday. 

But then, I don’t 

know, just life gets in 

the way I suppose. 

[006-CAT, 26, F]  

 

Enabler through 

evoking positive 

emotions through 

engagement with the 

PA and the feature of 

the voice coach; may 

hinder when the PA is 

too difficult or when the 

repetitive nature of the 

PA is seen as boring  

Yes, so I was surprised how good I felt. And it is, I 

think it invigorates you, I think there’s something 

about a bit of clarity of mind of, you know, 

because I’m the sort of person that thinks a lot 

and it’s quite good, you know, just to go out and 

run. [054-NIG, 53, M]  

 

I think it’s they’re boring and I think, I don’t know, 

like standing up on a chair, I feel, “Is that safe?” 

I’m not very coordinated and like a chair is like a 

third of my height, and it’s kind of high to stand of 

that. [023-ADR, 32, F]  

 Reinforce

ment 

Enabler 

(app-

specific) 

Provision of 

achievements 

(App A) 

N/A Enabler through 

providing sense of 

achievement and the 

motivation to collect the 

rewards  

I think it just really works as a reward, and then 

your dopamine system goes like someone has 

just told me ‘well done’, you know. And that is, and 

that adds to that overall satisfaction that I’ve, I 

have got some achievement. [028-ADA, 30, F, 

App A]  
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6.4.2.1.1 Reflective Motivation 

“The mind is willing, but the flesh is weak”: (in)congruence between intentions 

and behaviour (Intentions) 

Many participants, following the download of the app, described conducting some mental 

planning around the use of the apps. Many participants reported that the act of 

downloading the app interventions increased their awareness of their PA or lack of it. 

However, it was clear that, for some, simply raising awareness was insufficient to 

overcome barriers, as can be seen in the quotes below:  

A meaningful quote summarising the phenomenon around the discrepancy between the 

intention and the behaviour is illustrated by participant expressing their honest 

recollection of why they have not engaged in using the apps to increase their PA:  

I guess of those cases where the mind is willing, but the flesh is weak. 

So, it’s like I know I should do it, I know it’s good for me, but I just don’t 

want to. [064-HAY, 33, F] 

Similarly, 045-LIA quote reflects the triggering of thinking about engaging although not 

increasing PA in the context of the study: 

I think the whole idea of it was good. I mean I – it did make me think 

how I could fit running into my daily routine. So it got me thinking, but 

not necessarily doing it. [045-LIA, 26, M] 

Some participants talked about the app interventions as triggers to make them think 

about exercise. For example, participant below [023-ADR] seemed to increase their 

intentions to do PA using the app a which seem to be meaningful for them: 

I mean, you know, if you think about it, participating in this has raised 

my awareness of opportunities to fit in working out. I’ve actually worked 
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out a little bit and I even started the Couch to 5K thing. So like, just 

because I didn’t really show a lot of progress, to me this is a lot of 

progress. [023-ADR, 32, F] 

Apps as potential behaviour change tools  

However, some participants talked about the app interventions as triggers to make them 

think about exercise, and engage in the behaviour. For example, participant 023-ADR 

seem to increase their intentions to do PA using the app which seemed to be meaningful 

for them: 

I mean, you know, if you think about it, participating in this has raised 

my awareness of opportunities to fit in working out. I’ve actually worked 

out a little bit and I even started the Couch to 5K thing. So like, just 

because I didn’t really show a lot of progress, to me this is a lot of 

progress. [023-ADR, 32, F] 

Many participants talked about the process of deciding on the frequency of their PA using 

the apps, following downloading the app. The abstract below reflects the intentions to 

increase PA but, due to various factors, the reality of participants conducting PA using 

the apps was different from what they had planned. 

Those that engaged with the PA behaviour using the apps spoke about the planning 

similarly to those that did not engage however, the planning was "knowing" and acting: 

So I’d go to bed knowing that I was going to do it the following morning. 

And that was enough for me to wake up early and I was, you know, 

was kind of awake by five o’clock, dragged myself out of bed by 05.30, 

quarter to six or whatever, and was out for half an hour. And it’s fine. 

[054-NIG, 53, M] 
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Similarly, to increasing confidence (discussed in the next theme) engagement in PA 

behaviour through using apps increased intentions to conduct PA and this, in turn, 

facilitated further engagement: 

I thought, “Oh my God, if it’s going to be like this every time I do it, I’m 

not sure that I’ll keep it up.” And doing it the second, the third and the 

fourth time, it just got easier and easier. And I think that makes a 

difference in terms of your commitment to do it. If I’d done it and it had 

been as challenging every time and I hadn’t noticed any improvement, 

then I think I would have struggled to keep it up. [054-NIG, 53, M] 

Self-efficacy to conduct the PA prescribed in the apps (Beliefs about capability) 

Participants spoke about their confidence and its impact on the engagement in the 

exercise prescribed in the apps. Some of them did not believe in their stamina to conduct 

certain exercises, others believed in their innate lack of the ability to run “well”. Some 

participants mentioned the apps helping with their perceived ability to engage in PA and, 

in turn, the sheer engagement in the exercise increased their self-efficacy. In addition, 

the demonstration of the exercise and the ability to go at the users’ own pace acted as a 

facilitator. 

This quote reflects the impact of low self-efficacy, which results in postponing of the 

behaviour: “I’ll do this tomorrow”: 

I’m doing it, it’s like I get very (sighs) like that, and then I feel like, kind 

of like bad and guilty for getting like that because I’ve only done a little 

bit and it doesn’t make any sense. So when I’m trying to push myself, 

I feel a bit weak in myself, “I’ll do this tomorrow.” [004-FIO, 30, F]  
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Some of the participants seemed to believe in their inability to engage in certain types of 

PA and perceived it as a stable identity or a trait feature rather than a skill that could be 

practiced and improved: 

So I guess you would find out, because I do know people who have 

used this, and they said they loved it. But they’re also built very slight 

and, you know, kind of natural runners, whereas I’m not. [052-WAR, 

44, M]  

And further, the potential for the negative social consequences of running in public as a 

consequence of this perceived inability to run well: 

You know, I’ve got a funny run, so I run funny, so people are going to 

look at me, they’re going to think, oh, you know, I’m no good at it. You 

know, it’s all the stuff. I guess, I don’t know, I’m talking through it now, 

but this is not the sort of thing that’s necessarily at the forefront of my 

mind. But I do think it’s there. I think that these things come from a long 

time ago. And they still have an impact now. And make it difficult to get 

going. [052-WAR, 44, M]  

Apps as potential behaviour change tools  

This participant talks about the content of the app as increasing their confidence in doing 

PA, specifically the demonstration of the exercise and the ability to pause the workout 

session if needed: 

I found it quite easy to sort of keep up with the exercises. Because I 

could pause it when I wanted to and there was also a demonstration 

as well of a man and a woman doing the exercise and so it was easy 

to know as to what, how to perform them. And that gave me more 

confidence as well in doing it accurately. [025-OUS, 25, M] 
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In relation to the app use, another participant mentioned their engagement with the app 

and how the feedback from the body enabled them to develop more confidence in their 

ability to conduct the exercise:  

I thought, “Oh my God, if it’s going to be like this every time I do it, I’m 

not sure that I’ll keep it up.” And doing it the second, the third and the 

fourth time, it just got easier and easier. And I think that makes a 

difference in terms of your commitment to do it. If I’d done it and it had 

been as challenging every time and I hadn’t noticed any improvement, 

then I think I would have struggled to keep it up. [054-NIG, 53, M] 

The apps may hinder PA if the user perceives their inability to do the PA targeted in the 

app. An example of the participant having the ability to believe in their muscle strength 

or stamina to engage in certain exercise from the PA session: 

So, I played around with that, but I found when I was playing around 

with it, most of the workouts here they’re like ab workouts. Or like leg 

workouts. And I, like my ab muscles are like non-existent. So, I know 

it’s something I need to work on but working on it isn’t like, it’s hard to 

do ab workouts. [010-LUC, 19, F]  

Health beliefs about the positive and negative consequences of engaging in PA 

(Beliefs about consequences) 

There were various beliefs that participants had about their engagement in PA that acted 

as both enablers and barriers to increasing PA. In particular, some participants believed 

that it might not be possible to influence their health in a meaningful way due to forces 

beyond their control, whilst others strongly believed that they could preserve their health 

through engagement in PA. Others mentioned more immediate results of PA, for 
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example, helping with clearing their mind before engaging with their work, or coping with 

stress.  

There were also specific views around the PA targeted in the apps. Some participants 

believe that the PA targeted in the app may be detrimental to health, as in the case of 

running. Some participants believed that certain types of PA are appropriate for weight 

loss and, hence, not congruent with their health goals. 

An example of the perceived positive effect of PA is illustrated in this participant’s quote: 

And I think there’s something about, generally speaking, I want to be, 

you know, I want to be healthy. I don’t want to be Type 2 diabetic and 

I don’t want to have high blood pressure or I don’t want to drop dead 

of a heart attack. So there’s something about just wanting to be 

comfortable, healthy really. [054-NIG, 53, M] 

The participant’s view above is juxtaposed with the belief that unpredictability of events 

means that engagement in health behaviours might not be salient for them:  

Because if you think about it like that. I’ve had friends that are very 

healthy, and they’ve had strokes and everything. So, it’s not. I don’t 

know. It’s not about, you know, it’s about you, isn’t it? As a person your 

body if how it reacts to whatever it reacts to when you’re older. [056-

CAR, 42, M] 

Some participants perceived that they did not experience the benefits of PA, either 

immediate or long term. For example, participant WAR spoke about their received like a 

benefit although they have been extremely motivated to engage in PA using the service 

of a personal trainer. This theme is closely linked to the role of emotions towards PA 

(theme ‘Emotional influence’). For them PA seemed to be a constant struggle:  
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I had personal training on a Friday and then I went to a gym on a 

Saturday and Sunday. And I did that for about six months at a stretch. 

And even though my instructor was informing me that I was getting 

stronger (…). But I didn’t feel any better. I felt just as bad in six months 

as I did in the first month. And I didn’t like it, just don’t like it. It’s just 

how I am. So, you know. You know, people always say, “Oh, you know, 

it releases endorphins, you feel so much better.” I don’t disbelieve 

them, I’m sure it’s true. But I’ve never experienced that. The only thing 

I’ve ever experienced is pain and exhaustion basically. [052-WAR, 44, 

M] 

Apps as potential behaviour change tools  

On the contrary, this participant believed in the positive impact of PA on mental health 

and that the app helped them to facilitate their PA engagement via the voice coach: 

Yes, that was an early morning run. ‘I’m working better with the coach.’ 

Yes, it was good, because I woke up and I hadn’t done the run the day 

before, or maybe it was like two days and I thought, “Oh I have to do 

one today.” And that was about seven in the morning. I couldn’t sleep. 

So I hadn’t had a good sleep so I thought, “Right I’ll just go out and try 

and clear my head,” and it was really good. So I did that. [006-CAT, 

26, F] 

Some participants believed that even a minimal engagement with the exercise, which 

was facilitated by the app, would be beneficial for them despite not engaging with the 

while workout routine:  

Yes. I know I didn’t use it the whole time, but like it really got me 

thinking about exercising. And like I’ve done a few minutes of exercise 
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in the last few weeks. I think I’ve done like, I don’t know, maybe two 

minutes a day in the last few days. So that’s cool, better than nothing. 

And yes, I think maybe not for what it was trying to get me to do, but I 

think it was still effective in getting me to do things. [023-ADR, 32, F] 

Certain beliefs about the function of PA would stop some participants to engage in PA, 

as in the case of this participant: 

I think I’m open-minded about it. But I’m not sort of desperate to sort 

of do that do that kind of exercise. Because I’m not sort of overweight 

or obese that would require me to do that. [025-OUS, 25, M] 

Some participants also held beliefs that the PA targeted in one of the apps might not be 

healthy: 

The other thing is that I feel that I don’t believe running’s actually that 

good for you, because I believe it harms the joints of your legs (…) I’m 

sure there are injuries from people who run too hard and beyond their 

abilities and I don’t want to hurt myself in that way, because I already 

have strained ankles and they’re very painful. [031-MAR, 53, M]  

Beliefs about safety of the PA prescribed in the apps (Beliefs about 

consequences) 

Concerns about the safety of the content of the apps in relation to the PA sessions were 

expressed by many participants. Different issues for each of the apps were raised and 

hence are discussed separately for each app interventions.  
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Apps as potential behaviour change tools  

App A 

For App A, the lack of information and guidance about conducting the various exercises 

was concerning, as well as the lack of warmup or stretches routine before and after the 

PA session.  

Firstly, the safety of the information provided that would enable participants to engage in 

the exercises provided in apps were questioned. As such, there might be concerns that 

participants might injure themselves. Some participants dealt with it by looking for more 

information about how to do the exercise safely, for example: 

But what I actually found was that I had to do more than what was on 

this app to be able to do it. So, before starting, I thought I actually am 

ashamed to say I didn’t know how to do a press-up. And there’s, there’s 

directions on here, but I felt like I needed more than that. So I had to 

go on to YouTube and do like a series of stages to be able to do a 

press-up, if you know what I mean. I didn’t just go straight into doing it. 

[034-SAR, 34, F]  

Of interest, the lack of knowledge made the participant “ashamed” as they might have 

perceived that the norm is that the user knows how to engage in PA safely (the 

importance of emotions in PA in summarised in theme: Emotional influence). However, 

no alternations based on the fitness level were provided. It had to be noted that when 

the audio guide was changed to female, there was an altered, simpler version of the 

press-up. However, there might be an assumption about the gender differences in doing 

certain exercises. 

Secondly, participants expressed a concern about the lack of the warm-up and stretch 

routines. For example: 
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I think I was, I was a bit, not really concerned – I guess I was surprised 

the way it takes you straight into the exercises with no warmup. And 

that’s probably not so much of an issue now that I’m finding it a bit 

easier. But at the start, I thought, “Oh my God.” (…) And it didn’t ask 

you to do any stretches at the end. So I was a bit surprised about that. 

[054-NIG, 53, M]  

App B 

The safety issues that were expressed by participants for App B were concerns about 

running in urban spaces and the potential injury from running. At the same time, some 

participants appreciated the running programme, which might be perceived as a guide 

to injury-free PA engagement. 

The main issue was the concern about running outside in urban spaces because of the 

traffic and running unaccompanied: 

I think outside is a little bit dangerous sometimes with traffic, with. 

Things happen to people. So, I think you’re exposing yourself to some 

dangers (…) I don’t know how single females feel about running early 

hours of the morning or after work at night in the winter time, especially 

when it’s very dark. I don’t feel comfortable or safe doing it. [031-MAR, 

53, M]  

Although App B includes information about safety, it was rarely mentioned by the 

participants. Below is an example of participant that read the safety information but they 

themselves doubt that other users would:  

Yes, so it was good before you start. Yes, actually all this stuff is 

something I haven’t looked at, but ‘make sure you have comfortable 

running shoes, supported bra. Remember to carry your device with you 
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and so that you can listen to the trainer. Some people use an arm 

band.’ So it is all there. I suppose what might have been helpful (…) is 

to say, you know, ‘Read the safety information,’ or ‘Read everything.’ 

Maybe it did say that and I missed it. But, you know. [034-SAR, 34, F]  

At the same time, Participant 028- ADA described their "oh this is too easy for me" 

attitude and, following, their knee pain which they attributed to not following the running 

programme. This seemed to be a learning point for them that the app facilitated: 

But as I was running (…) I had kind of like ‘oh this is too easy for me’ 

kind of attitude, it was nice to notice this. And it was nice to kind of like 

get the knee pain at some point just thinking, ‘no, you don’t know 

better,’ you know what I mean. I don’t really know better. And it’s nice 

that there is an app and then, you know, and coaches who have to run 

5K without any kind of – I believe, without any injury or something. So, 

so yes, that was one lesson. So I think I went humble and then the 

second week, how I was supposed to, which was nice. [028-ADA, 30, 

F]  

Of interest, one participant mentioned the data safety in the context of using the apps to 

connect with others: 

I don’t like connecting to other people, especially other people I don’t 

know. I spent some time in the cyber security world. Yes, I don’t like 

connecting much to anything. I really don’t. There are so many 

vulnerabilities, so many things out there and it’s just getting really bad 

and it’s only going to get worse. [066-CHU, 48, M] 



 
 
 
   

 309 

“But there’s always something more important”: conflicting priorities (Goals) 

The role and value placed on deliberate engagement in exercise is difficult with many 

conflicting life priorities. These included family, friends, work and career progression. 

Hence, the daily activities revolved around these aspects of life. As the population of 

interest in this study were people residing/working in urban space, the nature of work 

would be predominantly sedentary, the emphasis placed on the importance of work, and 

career development meant that PA engagement featured low in the ranking.  

The quote below reflects this well the positioning of PA on the list of priorities:  

It’s like one of the things that it’s good to value exercising and I’d like 

to get somewhere where I’d like to value it but it’s not happening. I 

think, yes. [010-LUC, 19, F]  

025-OUS talks about prioritising the family and the importance of skills development to 

progress in the career:  

Helping my friends and family. Yes, so yes, they have their own sort of 

things that they want to do. So, socialising as well. And basically, 

learning new skills and technologies and so on. Yes, because they help 

me in my career. And so, yes, those would be some of the reasons, I 

think. [025-OUS, 25, M]  

Prioritising the needs of others first featured, for example, the experience of being a 

parent and ensuring the activity needs of the children are met first. This leaves little time 

for caring for the self:  

My life. My kids. My kids are my priority. Because my kids are very 

active. They’re really active kids. They do a lot of football, I’m very 

football orientated. I’m a season ticket holder as well at Chelsea. So, 

it’s kind of my life focuses a lot on football. I don’t do it, like constant 
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like. I would love to do it as a career, but I don’t. But I love that type of 

thing. So, it’s, that’s my kind of main focus. [056-CAR, 42, M]  

As other life domains would fight for attention, they would create a sense of conflict and, 

as in the case of the participant’s response below, a sense of guilt: 

It’s a dilemma because the thing I’m doing now is also something that’s 

very important to me. So going to my course and work is definitely 

taking me in the direction I want my life to go as is going to the gym. If 

I was to go to the gym and it’s happened a few times where I’ve gone 

to the gym and thought I need to be at home writing. I’ve got a case 

report to write up. It’s getting in the way. [022-MIC, 36, M] 

Similarly, participant 064-HAY expressed their conflict around their engagement with the 

behaviour and the effortful, deliberate consideration of what priorities should be pursued:  

But if it’s a reminder that I need to set for myself again it’s like making 

a plan to say, “Okay, I’m going to run.” (…) But there’s always 

something more important. Yes. So, it’s quite easy to shut that down. 

And be like yes, “No, I have to, you know finish this essay.” Or you 

know, it’s like, “No, I’m really tired. I just want to take a shower and go 

to bed.” [064-HAY, 33, F] 

Apps as potential behaviour change tools  

None of the app content features enabled prioritisation to make PA more salient 

in day-to-day life. However, the next theme provides an insight into how apps 

can provide a sense of structure that might facilitate the prioritisation of PA. 

 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/97871a12-a560-4c84-89aa-9fe391a989cb


 
 
 
   

 311 

6.4.2.1.2 Automatic Motivation  

Emotional influence: guilt and anxiety vs feelings of being supported, invigorated, 

uplifted, motivated (Emotions) 

Affective states around engaging in PA and the use of apps were prevalent in 

participants’ responses. These acted as either enablers or barriers to engagement in PA. 

First, the results of negative emotions around non-engaging in PA itself is summarised, 

following by both positive and negative emotions connected to the use of the apps in this 

study. 

Participants described the negative impact of their non-engagement in PA as 

experiencing guilt and low mood. However, adhering to an exercise routine that was not 

enjoyed also lead to negative feelings.  

The quote below illustrates the sense of guilt when participants did not meet their own 

expectations and consequently procrastinated regarding their engagement in PA: 

I feel so guilty, honestly. Everyday. But then, I don’t know, just life gets 

in the way I suppose. [006-CAT, 26, F]  

Conflict around commitments, such as family or career (described in theme “But there’s 

always something more important”: conflicting priorities) often results and low mood was 

another barrier for the participants creating a vicious circle of low-mood-PA-non-

engagement-low-mood: 

I come back, I’m sad. I feel that I wasn’t really productive as I want me 

to be. And then I know that if you go for running or if you do exercise, 

it’s going to help you. But you feel so low that you won’t go that step 

(…) I know that if you do exercise a good way to release your stress, 

release your thoughts but it doesn’t always work. [042-MAR, 25, F] 
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Shame was a strong reaction of participant 052-WAR describing the process of seeing 

personal trainer with whom they engage for six months at a time in order to increase their 

fitness:  

I also find that – and I know this is a bit off topic, but I find it humiliating, 

a lot of the stuff that the personal trainers get you to do. I just don’t like 

it (…).I feel like, a) I’m not very good at it. And then b) I’m being shouted 

at by somebody to do it, to go faster and harder and all that kind of 

thing. And I’m feeling extremely self-conscious. [052-WAR, 44, M] 

Apps as potential behaviour change tools  

When participants engaged in PA that was enjoyed, they described feeling supported, 

invigorated, uplifted, and motivated. However, some of the participants who liked the 

app, did not necessarily increase their PA. There were also some negative emotions 

experienced, such as boredom around the lack of variety in the prescribed PA routines 

offered by the app. For those participants that found some of the exercises difficult, it 

also leads to negative emotions. 

App-related positive emotions acting as enablers to PA  

The voice coach in App B seems to evoke emotions of feeling positive and supportive, 

and motivating for using the app:  

She’s not very, you know, that, for example, I had a personal trainer in 

the past. He was very like military style, and I don’t like that. And when 

I listen to her, she doesn’t have that tone in her voice. She’s more like, 

I don’t know, a supportive peer. [006-CAT, 26, F, App B] 

And: 

‘I’m working better with the coach.’ [006-CAT, 26, F, App B] 
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Participant 054-NIG described the “uplifting” and “motivating” feelings after completing 

the running session with the app, both on the body but also on the “clarity of mind”. In 

turn, the positive feeling increased the engagement with the consecutive running 

session:  

Yes, so I was surprised how good I felt. And it is, I think it invigorates 

you, I think there’s something about a bit of clarity of mind of, you know, 

because I’m the sort of person that thinks a lot and it’s quite good, you 

know, just to go out and run. [054-NIG, 53, M]  

However, for other participants, the positive emotions about the apps were not 

necessarily followed by engagement with the exercise routine as in the example of 

participant 023-ADR: 

Yes, I really liked it even though I didn’t ever do seven minutes. [023-

ADR, 32, F]  

Engagement with the app, together with the physiological reaction of the body, created 

a sense of the “feel-good”: 

For me, the actual – so the exercise was, so yes, these are the 

exercises. I did it, the first day I had it and I was sweating like there 

was no tomorrow, afterwards. I felt so good doing it, I was so tired. 

[045-LIA, 26, M]  

App-related negative emotions acting as hinderers to PA  

The repetitive nature of the apps was a barrier to using of the apps as the participants 

often talked about boredom in connection to these routines. The two extracts below 

summarise the repetitive nature of the routines. 
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I think it’s they’re boring and I think, I don’t know, like standing up on a 

chair. [023-ADR, 32, F]  

Similarly,  

 (…) by the end of that week, that second week, when I was doing two 

cycles each time, then was the time when I kind of like ran, slightly kind 

of got bored with it – I could do a little bit of a variety with, with 

everything. [028-ADA, 30, F]  

As well as boredom, other negative emotions could be evoked regarding frustration at 

not being able to complete the exercises. The following extract illustrates the importance 

of setting achievable and tailored goals in order to increase engagement as the inability 

to perform some of the exercises evoked the feelings of frustration and annoyance: 

This extract illustrates the importance of the achievable goals that were tailored to the 

skills of participants in order to increase engagement as the inability to perform some of 

the exercises evoked the feelings of frustration and annoyance: 

So it was a bit annoying, because like I could do some of them quite 

easily, like the jumping and everything. And then you got to one and 

you would sort of like try but you felt like you weren’t managing it. So it 

probably just wasn’t quite the right type of things (…) like I like to go at 

my own pace when I do exercising and when I do things. And then like 

it felt too hard quite a lot of the time, and that was a bit frustrating. And 

it, and then, even though it’s like really short and meant to be quite 

intense and then you get to rest and it sounds like it’s quite low impact 

– it felt quite hard, I don’t know why, I found it quite – it’s probably quite 

hard to do. (…) it was a bit demoralising. [063-MAR, 26, F] 
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Provision of achievements (App A, Reinforcement) 

The gamification element was a feature in App A hence this section relates to the 7 

minute HIIT exercise. The provision of rewards seem to evoke a sense of satisfaction 

that followed the achievements of certain rewards. The rewards also enabled the 

participants to self-reflect on what they had completed and provided a source of 

motivation. Yet, for some participants the rewards did not have any impact and were 

seen irrelevant to their engagement with the PA using the apps.  

The satisfaction provided by the achievement of rewards was illustrated by participant 

028: 

I think it just really works as a reward, and then your dopamine system 

goes like someone has just told me ‘well done’, you know. And that is, 

and that adds to that overall satisfaction that I’ve, I have got some 

achievement. [028-ADA, 30, App A]  

Similarly, the response of participant 042-MAR suggests that the rewards seemed to act 

as a motivation, with small goals to work towards, for example, an achievement related 

to the continued use or completing two sessions in one day. This particular participant 

expressed their annoyance when they did not achieve a reward due to the app treating 

any session after midnight as counting towards the next day’s session. This might 

discourage some potential users: 

I was running… Sorry, I was starting the app quite late like after 

midnight before (…) and it showed another day. Yes, so I missed… 

Due to this, I missed some kinds of rewards that you keep for six days. 

So I missed that and it’s not my fault, I did it. [042-MAR, 25, F] 
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In addition, the material reward of “unlocking” an extra PA routine when a certain number 

of PA sessions were completed was mentioned by some participants as motivating, for 

example:  

I suppose I was tempted to buy them like without waiting. But then I 

thought there’s no point in doing that because, in the end, this is what 

I always do with apps and that as well, I just buy all the bonus stuff and 

then don’t use it. So I thought if I’m going to go, if I’m going to go 

through and get those bonuses, then I must have earned it, rather than 

just pay for it. [052-WAR, 44, M, App A]  

And:  

The fact that you can, you earn, you can earn it, so you could sort of 

pay for it. I thought it’s a very ingenious like idea. [045-LIA, 26, M]  

However, the rewards did not have a motivational impact for some participants, e.g.:  

Interviewer: And were these in any way motivating? The rewards?  

Participant: No, not particularly. [054-NIG, 53, M] 

And:  

I liked, I like when you get a little achievement. And I got a few. I don’t 

know. But it didn’t seem to... It didn’t seem to bother me that much, like 

it wasn’t... It wasn’t... Yes, it wasn’t particularly like exciting or good or 

bad. [063-MAR, 26, F] 

6.4.2.2 Opportunity 

This section of the results present the influences on behaviour classed within the 

Opportunity domain of the COM-B model. The summary of the themes representing 
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influences on PA behaviour in general (i.e., enablers, barriers or both) and app-specific 

PA behaviour (as potentially enabling or hindering engagement in PA), with example 

quotes is presented below. Each theme is then presented in-depth with accompanying 

supporting quotes.  

Table 66: Summary table of the themes with TDF/COM-B classification for the domain 

Opportunity 
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COM-B TDF domain Enabler, 

Barrier,  

Both 

Theme – 

influences on PA 

behaviour in 

general 

PA behaviour in general  

Example quote(s) 

[Study ID, age, gender] 

Apps as potential behaviour 

change tools  

App-specific PA 

behaviour  

Example quote(s) 

[Study ID, age, 

gender] 

PHYSICAL 

OPPORTUNITY 

 

Environmental 

context and 

resources 

Barrier Engagement in PA 

is weather-

dependent 

Then to me weather counts 

a lot. So, if it’s cold it 

demotivates me so much. 

Even though I can do these 

exercises at home I know 

that. But to me it’s a totally 

factor. If it’s really, really 

cold, as it was a few weeks 

ago. [006-CAT, 26, F]  

May hinder when the app tackles 

PA conducted outside (App B) 

By the time we got 

through and that was 

sort of the weekend 

between the week 4 

and 5, by the time I got 

back to there, I just 

didn’t, and I think it 

was pouring with rain 

and that’s another 

issue. I wasn’t going to 

go out running in the 

rain. [033-STE, 64, M]  
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 Environmental 

context and 

resources  

Barrier  Lack of time  I was doing a lot of late, 

like, nights at work. Which 

in turn, in the morning, I 

would have to turn up to 

work at, like, early in the 

morning as well. (…) So, 

yes. That’s why work has 

taken, like, a priority at the 

moment. But, like, 

probably, I would say, like, 

last year, work came 

second. Family and friends 

came first (…) [043-JEN, 

26, F]  

Enabler as the PA prescribed in 

the apps was seen as fitting into 

the busy routine 

Time is the biggest 

enemy for me. So my 

runs are typically early 

morning, 05.30 to 

06.00. But I quite like 

this as I run like 

Forrest Gump and it 

stops the neighbours 

from laughing at me. 

[054-NIG, 53, M]  

 

 Environmental 

context and 

resources 

Both Outdoor built 

environment: 

access to green 

spaces and safe 

neighbourhood 

And she says, “Oh, you 

know,” she did this Couch 

to 5K, “When I run, I go 

across the millennium 

bridge and it’s really 

beautiful.” And I always 

want to say, “Oh shut up,” 

you know. It’s like, I would 

probably run as well, if I 

could run over the 

millennium bridge. But, you 

know, I’ve got the 

Harlesden Railway Bridge 

to run across. That’s the 

one I’ve got. [052-WAR, 

44, M]  

Enabler thorough provision of 

information on how to run safely 

(App B) 

And I jogged in – you 

can jog around 

pavements and things, 

it’s fine, because I’m 

not very fast. I’m not a 

threat to other people. 

So yes, it has good 

advice on the thing 

about how you can, 

like what to do, where 

to run and stuff. That 

is a support thing. 

[063-MAR, 26, F, App 

B]  
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 Environmental 

context and 

resources 

Both 

(app-

specific) 

Indoor environment: 

“equipment” and 

consideration for 

neighbours (App A)  

N/A  Enabler when perceived as 

convenient to conduct the PA 

indoors; may hinder when the 

indoor space inconvenient (e.g., 

lack of stable chair) (App A) 

I’m in my own privacy, 

I can do it, I’ve got no 

stresses, nobody 

watching what I’m 

doing, done it (…) 

[045-LIA, 26, M]  

 

I don’t think I have like, 

I don’t have some of 

the, I don’t know – like, 

I don’t think I have a 

chair. I feel like - I do 

have a chair, but I felt 

it was a really high 

step to step on a chair, 

so I never did that. It 

was way too high. 

[023-ADR, 32, F]  

SOCIAL 

OPPORTUNITY 

 

Social 

influences 

Both “Had you been on 

your own you 

wouldn’t have done 

it, so that’s a double 

win”: social aspect 

So, very often in the past I 

sort of, not felt like going 

but think I’ve got to, I’m 

meeting [name of a friend], 

can’t let him down. And you 

get there, and you do this 

session and you come 

back and you’re feeling 

really good. You’re feeling 

it’s a double win. [033-STE, 

64, M]  

As the apps did not provide social 

features, the apps may hinder 

PA engagement when PA social 

aspects of PA seen as important  

N/A 



     

 321 

 Social influence  Both 

(app-

specific)  

 

The versatile role of 

the audio coach: 

funny, assertive, 

harsh (App B) 

N/A Enabler: engagement with PA 

session if the audio coach was 

liked and they fulfilled the role 

expected by the participants; 

hindered if such expectations 

were not met; may hinder if 

perceived as un-motivating 

I didn’t really fancy 

listening to Jo Whiley. 

I thought Sarah 

Millican would be 

funny rather than 

serious. And I wanted 

some serious 

motivation, some 

sensible motivation. 

And she looked like 

she was a sporty type 

person and was 

probably the default 

one. So I just went for 

that. [054-NIG, 53, M]  

 

She wasn’t really 

patronising (…) there’s 

amateur and then 

there’s like really like 

sort of like, I don’t 

know, as like a proper 

coach to say, “Okay.” 

And it’s like, “Oh okay, 

yes, I want to go back 

to this and do it,” sort 

of thing. You feel like 

there’s a bit of leeway 

sort of thing. [004-FIO, 

30, F]  
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6.4.2.2.1 Physical opportunity 

Engagement in PA is weather-dependent (Environmental context and resources) 

The trial was conducted in the months from January until June and this period had an 

impact on some participants.  

For some, the cold weather, independent of whether the app-related PA was to be 

conducted in- or outdoor, was perceived as a de-motivator to engage in PA: 

Then to me weather counts a lot. So, if it’s cold it demotivates me so 

much. Even though I can do these exercises at home I know that. But 

to me it’s a totally factor. If it’s really, really cold, as it was a few weeks 

ago. [006-CAT, 26, F]  

Lastly, for some participants the motivation was present despite the unfavourable 

weather conditions:  

So a couple of the days I did it, it was absolute – it was horrible, the 

weather was horrible, it was heaving down with rain. And I don’t really 

mind getting wet when I go out running. So, so there was no excuse 

about the weather. [054-NIG, 53, M]  

Apps as potential behaviour change tools  

For many, the weather in winter in London posed an obstacle, especially when 

conducting the running using App B:  

By the time we got through and that was sort of the weekend between 

the week 4 and 5, by the time I got back to there, I just didn’t, and I 

think it was pouring with rain and that’s another issue. I wasn’t going 

to go out running in the rain. [033-STE, 64, M]  
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Lack of time (Environmental context and resources) 

Participants often spoke about a lack of time as an obstacle to engaging in PA in the 

context of the trial. In the analysis, the issue with time was explored further to investigate 

the reasons for the perceived lack of time as this was especially important in the context 

of urban living. The barriers found were related to the current life priorities (discussed in 

the theme “But there’s always something more important”: conflicting priorities) and 

included long working hours, time taken to commute to work as well as family 

commitments. Yet, those who engaged with the apps saw them as an opportunity to fit 

exercise into their routines. This related to the convenience of the apps as discussed in 

the theme ‘App as a tool providing a structure to fit PA into the routine’. 

Some participants discussed long working hours as a barrier, illustrating the reality of 

living in the city with competing priorities: 

I was doing a lot of late, like, nights at work. Which in turn, in the 

morning, I would have to turn up to work at, like, early in the morning 

as well. (…) So, yes. That’s why work has taken, like, a priority at the 

moment. But, like, probably, I would say, like, last year, work came 

second. Family and friends came first (…) [043-JEN, 26, F]  

Long commuting time that most likely involved passive transport was another reason for 

the lack of time to engage in PA: 

I think that’s not so much about time but energy. Well maybe time as 

well. So, I have 2 jobs, but one is part-time and the other one is really 

flexible as well. But they take a lot, the full day. So, one actually is in 

Watford. So, it takes a long time to get there. So, the travelling tires me 

out and the commute, it tires me out as well. So, by the time I get back 

it’s just, I’m just done. Yes. I don’t really want to do anything else. [064-

HAY, 33, F] 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/710acd06-f262-42fc-a71c-16021206f213
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Apps as potential behaviour change tools  

Yet, the apps also acted as facilitators to engaging in PA in a time-constrained lifestyle. 

Many of the participants managed to fit some of the PA sessions as prescribed in the 

app into their life. They saw the app as beneficial because of this fit:  

So the apps kind of offer something for people who are really time-

poor, I suppose. It makes it kind of possible to fit it in. [034-SAR, 34, F]  

Some participants whose motivation seemed to be stable despite time being a limited 

resource, managed to make a commitment to fit the PA session in despite their busy 

schedule. The following entry was from a participant’s diary  

 “Time is the biggest enemy for me. So my runs are typically early 

morning, 05.30 to 06.00. But I quite like this as I run like Forrest Gump 

and it stops the neighbours from laughing at me.” [054-NIG, 53, M]  

Outdoor built environment: access to green spaces and safe neighbourhood 

(Environmental context and resources) 

In this section, the importance of the environment (whether built outdoor environment or 

living arrangement) were described as the potential enablers and barriers to engaging 

with PA and with the PA using the apps.  

Access and proximity to facilities (gym, green spaces) where one could engage in PA 

safely was important for many of the participants. The quote below reflects well the social 

inequalities in access to enjoyable built environments in London. 052-WAR describes 

two different environments in the city, one conducive to doing PA outside and the second, 

aesthetically unpleasing or potentially unsafe: 

And she says, “Oh, you know,” she did this Couch to 5K, “When I run, 

I go across the millennium bridge and it’s really beautiful.” And I always 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/88674639-3905-4123-9933-62f941b5f18b
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want to say, “Oh shut up,” you know. It’s like, I would probably run as 

well, if I could run over the millennium bridge. But, you know, I’ve got 

the Harlesden Railway Bridge to run across. That’s the one I’ve got. 

(….) 

So there’s a lot of like – there’s a big FedEx thing there, there’s a big 

trucking company, there’s a food manufacturer, biscuit manufacturer 

and so on. It’s not the greatest area. It’s not the sort of place that you’d 

want to hang around outside, like you’d just go the station and then 

you go home. [052-WAR, 44, M] 

Apps as potential behaviour change tools  

The participant below describes how the use of the App B increased their confidence by 

providing instructions around running on the pavement. This acted as an enabler to their 

engagement with the PA sessions through the app: 

And I jogged in – you can jog around pavements and things, it’s fine, 

because I’m not very fast. I’m not a threat to other people. So yes, it 

has good advice on the thing about how you can, like what to do, where 

to run and stuff. That is a support thing. [063-MAR, 26, F, App B]  

Indoor environment: “equipment” and consideration for neighbours (App A, 

Environmental context and resources) 

 

Apps as potential behaviour change tools (App A) 

The advantage of App A, expressed by many participants, was its convenience (as 

described in theme ‘App as a tool providing a structure to fit PA into the routine’): 



      

 326 

It was, I mean genuinely, I could have done it in my room and I was 

like, do you know what, I’m in my own privacy, I can do it, I’ve got no 

stresses, nobody watching what I’m doing, done it (…)[045-LIA, 26, M]  

However, some participants described issues with conducting the exercise in small living 

spaces in areas of high population density, which illustrated well the obstacles of residing 

in London in the context of overpopulation and high costs of living. Some participants 

struggled with finding the space to do some of the exercises prescribed in App A and the 

quote reflects their determination: 

I have a studio flat and it’s not big enough to find sufficient space to do 

the exercises. What space there is and also, I’m aware that there might 

be someone, depending on what time I’m doing it, there’s somebody 

underneath me and if I’m bouncing up and down on my floor, it’s their 

roof. So, I tried doing it on the landing, and that wasn’t big enough and 

then eventually went down to the hallway on the ground floor in the 

middle of the day when no one was around and did the exercises there. 

And used the first couple of stairs for the step ups because I don’t have 

a chair that I was confident was strong enough for me to do step-ups 

on. [033-STE, 64, M]  

An access to a safe chair may be assumed but it proved to be an issue for some: 

I don’t think I have like, I don’t have some of the, I don’t know – like, I 

don’t think I have a chair. I feel like - I do have a chair, but I felt it was 

a really high step to step on a chair, so I never did that. It was way too 

high. [023-ADR, 32, F]  
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6.4.2.2.2 Social opportunity 

 

“Had you been on your own you wouldn’t have done it, so that’s a double win”: 

social aspect (Social influences) 

Engaging in PA as a social process was a prevalent subject in participants’ responses. 

Sharing similar interest as engaging in PA evoked a feeling of commitment and “can’t let 

them down” attitude which acted as an enabler to PA. However, a close family member 

or partner could also act as an obstacle if they were less active hence emphasizing the 

importance of wider social circles. The specific influence of the social environment is 

discussed next.  

The experience of taking part in an organised sports and exercise uniting people with 

similar interests meant participants felt like “being part of something” and “feeling 

included”. For example, this participant described their experience of going to a “club” to 

practice Kung-Fu where they felt accepted and at ease performing the exercise routine. 

It is interesting that they did not consider their weekly trainings at the club as an exercise: 

 (…) And maybe it’s the fact that like it’s a club. So, there’s other people 

doing it with you. And I have friends who also go and it’s like you’re 

doing ab workouts but I’m failing, my friend is next to me also failing 

and the other person across the room is like doing it like so well. It’s 

like it’s a different atmosphere, I guess. [010-LUC, 19, F]  

Here, the same participant juxtaposes the experiences of being in a university club with 

going to the gym where they felt more self-conscious and judged: 

Yes, because the gym it’s like you don’t know anyone there. And I 

guess I’d be more likely. I like, I go to the gym when there’s like less 

people there. And the gym I went to is like a really small gym. And I 

could go to the one in the very corner and hope no one watches me. 
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But like I also hope no one watches me at the club when we’re doing 

like exercises and stuff. But I don’t know, I just the fact everyone’s also 

doing the same thing and it’s like I know I’m not very good at it. But it 

like doesn’t matter that I’m not very good at it. And that isn’t any 

different from the gym, but I think I know it’s just different. [010-LUC, 

19, F]  

This participant described their experience with PA as lonely, again stressing the 

importance of social aspect of PA: 

And it’s one of the loneliest things in the world. Long distance running 

is very lonely. I used to run a long time ago, but I hate running now. 

[066-CHU, 48, M] 

Not wanting to let someone else down seemed to be important in increasing motivation 

to engage in PA. There was a certain commitment to fulfil the duty as the exercise partner 

or a buddy which increases motivation: 

So, very often in the past I sort of, not felt like going but think I’ve got 

to, I’m meeting [name of a friend], can’t let him down. And you get 

there, and you do this session and you come back and you’re feeling 

really good. You’re feeling it’s a double win. Not only you’ve done the 

exercise so that’s a win, but the thing is you knew that had you been 

on your own you wouldn’t have done it, so that’s a double win. [033-

STE, 64, M] 

The same participant mentions further the impact of their partner as a hindrance to them 

being active stressing the importance of developing other social avenues that facilitate 

PA engagement: 
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And I thought that I’d try to use this to try and kick start myself into 

becoming more active again. But I just haven’t managed it. And I think 

partly it’s because of lifestyle and the influence of what I do with my 

girlfriend. She’s got her own minor mobility issues with a sore hip that 

means she can’t walk long. [033-STE, 64, M] 

Apps as potential behaviour change tools  

In the context of the app use in the trial, the extract from the participant below talks about 

conducting the exercise routine using App A which is a lonely and “sordid” and a 

juxtaposition to the social experience of doing exercise: 

There’s something a bit sordid that you would lock yourself in the room 

to do the… I think it’s the same with mindfulness stuff as well. There’s 

lots of apps out there with meditation and stuff but it’s that idea that 

you go in a room and close the door and do your dirty business. 

Jumping up and down doing star jumps looking at a video of a guy 

jumping up and down. Yes, it’s definitely a bit weird.  

(…) 

These are things that you wouldn’t get by just turning up to a gym and 

putting your headphones in and running on a treadmill. [022-MIC, 36, 

M] 

The versatile role of the audio coach: funny, assertive, harsh (App B, Social 

influences) 

Apps as potential behaviour change tools (App B) 

There was great variability in participants’ responses the audio coach in relation to the 

importance they attributed to their choice of the coach, the frequency of the speech, and 

the role the audio coach should take on. This variability revealed that the feature of the 
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audio coach could both help and hinder participants’ engagement in PA. The adjectives 

used to described the guide varied, e.g., “funny”, “supportive”, “upbeat”, “assertive”, 

“harsh”, “strong”, “encouraging”: 

All of them. I realised in the first minute that they all say the same thing, 

it’s just different colour of the voice. And then I was okay, I’m going to 

go with Michael Johnson because he’s also an athlete and quite strong 

and encouraging so I just choose this guy and I didn’t really change 

after that. Because his colour of the voice, it’s very serious. It’s fun. 

[042-MAR, 25, F]  

As seen in the previous extract and the quote below, participants had expectations based 

on the prior knowledge of the public role of the person acting as the audio coach. One 

participant pointed that there was no option to “test” the voice of the audio coach, which 

seemed important. If no prior knowledge of the audio coach existed, participants formed 

their beliefs based on the images provided in App B, for example ADR-023 spoke about 

their thinking process behind selecting the audio coach:  

Yes, I just wanted to hear their voice and not like – I don’t want to start 

a run until I’m going to start a run. So I wanted to hear their voice first. 

(…) 

I think it just says, “Choose.” Is she really going to make me laugh? I 

don’t know. I’m like – so he’s going to make me laugh too, I don’t 

believe it. And who are these people? And if they are really going to 

make me laugh, like maybe I could – like this guy was so serious. Oh, 

he is serious, okay. Maybe I could have like a funny person. Anyway, 

yes, so I kind of got hung up on that. [023-ADR, 32, F]  
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Yet, some participants preferred someone “serious” to increase their motivation, for 

example:  

So I knew Jo Whiley and I knew Sarah Millican. And I knew Michael 

Johnson. I didn’t really fancy listening to Jo Whiley. I thought Sarah 

Millican wouldn’t be – I thought it would be funny rather than serious. 

And I wanted some serious motivation, some sensible motivation. And 

she looked like she was a sporty type person and was probably the 

default one. So I just went for that. [054-NIG, 53, M] 

For others, supportive voice was crucial:  

I had a personal trainer in the past. He was very like military style, and 

I don’t like that. And when I listen to her, she doesn’t have that tone in 

her voice. She’s more like, I don’t know, a supportive peer. I would say 

so. (…) I prefer someone that just motivates me, and, you know, kind 

of is on the same level as I am. So, I think that’s why I chose her and 

that’s why it motivates me, keeps me using the app. [006-CAT, 26, F]  

However, for others, the audio coach was too lenient or even “patronising”. 004-FIO 

explains that her audio voice lacked authority and was not motivating to engage in the 

running session:  

She wasn’t really patronising but it was just like it was coming from a 

very sort of like – there’s amateur and then there’s like really like sort 

of like, I don’t know, as like a proper coach to say, “Okay.” And it’s like, 

“Oh okay, yes, I want to go back to this and do it,” sort of thing. You 

feel like there’s a bit of leeway sort of thing. [004-FIO, 30, F]  
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6.4.2.3 Capability 

The section of the results present the influences on behaviour classed within the 

Capability domain of the COM-B model. The summary of the themes representing 

influences on PA behaviour in general (i.e., enablers, barriers or both) and app-specific 

PA behaviour (as potentially enabling or hindering engagement in PA), with example 

quotes is presented below. Each theme is then presented in-depth with accompanying 

supporting quotes.  

Table 67: Summary table of the themes with TDF/COM-B classification for the domain 

Capability 
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COM-B TDF 

domain 

Enabler, 

Barrier,  

Both 

Theme – 

influences on PA 

behaviour in 

general 

PA behaviour in general  

Example quote(s) 

[Study ID, age, gender] 

Apps as potential 

behaviour change 

tools  

App-specific PA behaviour  

Example quote(s) 

[Study ID, age, gender] 

PSYCHOLO

GICAL 

CAPABILITY 

 

Knowledge 

Skills  

Both 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Misconceptions 

around PA versus 

positive feedback 

from the body 

following the PA 

session 

The other thing is that I feel 

that I don’t believe running’s 

actually that good for you, 

because I believe it harms the 

joints of your legs. Impact, the 

constant impact on the knees, 

the ankles, the feet, the bone, 

you know, the cartilage and 

the bones and compacting 

against each other I believe 

can damage them if you run 

too much. [031-MAR, 53, M]  

 

 

Enabler through 

information in the 

apps and the positive 

feedback from the 

body following 

completion of the PA 

session; may hinder 

when the PA 

targeted by the app 

may be seen as 

unsafe or not 

appropriate for the 

participant 

So yes, it has good advice on the thing 

about how you can, like what to do, 

where to run and stuff. That is a 

support thing. (…) it says why run, so 

then you’ve got all the, like why it’s 

good for you. And the bit which I read 

first was about like where to run and 

what to wear, because I didn’t want to – 

I wanted to do it right. (…)Yes, this bit – 

‘watch out for other pedestrians’ and 

stuff. So it’s quite good. It tells you, tells 

you what you can do. [063-MAR, 26, F]  
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 Memory, 

attention 

and 

decision 

processes  

Both Preferences of PA 

influences PA 

behaviour  

But then I’m not very into this 

type of thing. I’m not very, 

doing these things is not my - 

I’d rather just warm up a little 

bit, play football. But I’m very 

football orientated. It’s totally 

different, it is. I’m not into this 

type of things. [056-CAR, 42, 

M]  

 

Enabler if preference 

is congruent with the 

app and may hinder 

if PA offered by the 

apps is incongruent 

with set preferences  

Yes, I love being outdoors, so then that 

ticks that box. You get some fresh air 

and you get like a physical distance 

from the other things you’re trying to 

do. Whereas doing that sort of intensive 

exercises in the same room I’m also 

doing the studying in, it just gets a bit 

stressful. [063-MAR, 26, F, App B]  

 

Maybe it’s just not for me, but like I 

mean people who like doing that kind of 

intensive muscle-building stuff might 

enjoy it more. And probably, yes, a way 

of mixing up the order if it isn’t there 

already. [063-MAR, 26, F, App A]  

 Memory, 

attention 

and 

decision 

processes  

Both “Like being 

reunited with an 

old friend”: 

previous PA 

experience 

influences 

engagement in 

PA  

It’s quite hard to get away from 

this. But those team-picking 

things were terrible, because I 

would always be the last or 

second last to be picked. And 

people would argue about 

which team I wouldn’t be on 

rather than the other way 

round, you know, this kind of 

thing. So it does nothing for 

your self-confidence as a kid. 

[052-WAR, 44, M]  

 

 

Enabler when the 

PA offered by the 

apps was related to 

positive previous 

experience, may 

hinder if negative 

experience is 

evoked.  

(…) it is really good to be getting back 

into running again. Had forgotten how 

much I enjoy it and will be keeping it up 

after the end of the trial. Had a spot of 

shin splint at the end of week one. So 

had to get out and get a new pair of 

stability trainers. Got the same model 

as previously and they were like being 

reunited with an old friend, made a 

massive difference.” [054-NIG, 53, M]  

 

Yes, my experience with running is 

always been just like running in school, 

doing PE lessons and I wouldn’t say it 

was a bad experience but it’s not 

something that I find particularly 

pleasurable. [064-HAY, 33, F]  
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 Behavioural 

Regulation 

Enabler 

(app-

specific) 

App as a tool 

providing a 

structure to fit PA 

into the routine 

N/A 
Enabler through the 

structured sessions 

and the prescribed 

programme  

Yes, especially with the running app 

because I was like, “Okay, I have one 

day to rest and then I am going for 

another run.” I don’t know, that kept me 

going. [006-CAT, 26, F, App B]  

 Behavioural 

Regulation 

Enabler 

(app-

specific) 

Provision of 

concrete and 

achievable goals 

N/A 
Enabler through the 

time-specific 

prescribed PA 

session (7 min for 

App A and 30 min for 

App B) 

You have really no excuse not to do it 

other than yes, I’m lazy. But other than 

that, you really have no excuse. I was 

using it every day. [042-MAR, 25, F]  

PHYSICAL 

CAPABILITY  

Skills 

(physical)  

Both 

(app-

specific) 

Tailoring of the 

app to the users’ 

starting level of 

fitness 

N/A  
May hinder if the PA 

prescribed by the 

app too challenging 

or too easy 

So, kind of like you can’t screen people. 

‘Do you like being outdoors, do you...?’ 

I don’t know. Making it kind of – the 

main thing for me was that the first 

thing that you do is achievable and not 

really too difficult, because that, like – 

maybe I’m the only person in the world 

that can’t do a press-up. [063-MAR, 26, 

F]  
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6.4.2.3.1 Psychological Capability  

Misconceptions around PA versus positive feedback from the body following the 

PA session (Knowledge, Skills) 

Knowledge and skills around exercise was an important factor that played a role in 

participants’ engagement in PA. As described in the theme’ Health beliefs about the positive 

and negative consequences of engaging in PA’, participants’ beliefs about PA represented a 

barrier to engaging in PA, such as the belief that running is an exercise predominantly 

for weight loss. This represent gaps in knowledge around the benefits of PA. Further 

issues around knowledge and skills are discussed below. 

Some participants increased their knowledge though the use of apps, either by the 

information in the apps or though body feedback following the completed PA session. At 

the same time, misconceptions about PA and its impact meant that some participants 

were reluctant to engage in it. The quote below reflects one such that may act as a barrier 

to engaging in PA: 

The other thing is that I feel that I don’t believe running’s actually that 

good for you, because I believe it harms the joints of your legs. Impact, 

the constant impact on the knees, the ankles, the feet, the bone, you 

know, the cartilage and the bones and compacting against each other 

I believe can damage them if you run too much. [031-MAR, 53, M]  

This participant’s extract is an example of attentional bias where heightened attention is 

paid to negative information. This bias is well-recognised and may affect engagement in 

PA [365]. Similarly, this extract shows how a lack of knowledge and skills, as well as 

confidence, means that participants may not engage in PA because of their fear of injury:  
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I’ve had friends who have snapped their Achilles’ tendon playing 

football. People have always tried to encourage me. You know, ‘Come 

and play touch rugby or come and play five-a-side football.’ I mean I 

never do it, because I’m, as I say, I’ve got two left feet, no coordination. 

So I just make like a fool on the field. I’ve got no, virtually no endurance. 

So running around, it’s just I couldn’t do it for more than five minutes. 

But I’m especially worried that I’ll throw myself into it and snap 

something or break something. [052-WAR, 44, M]  

Lack of knowledge around safe engagement in PA, specifically the importance of 

warming up in this case, was an obstacle to conducting PA using App B: 

It seems like you’re, it’s too, it’s too much warming up and not exercise. 

It should go straight to the point. Than warm up for 5, because I know 

you should warm up, but people, when they’re doing this type of things 

they’re not going to. It’s a bit like the internet. If you put too much at 

the beginning and it comes a point it becomes boring. You just scroll, 

you don’t scroll down, you just click to the next one. And that’s the point 

– I think it should be more, right, warm up for three minutes, do the run 

and then just relax and drink water or something like that, not cool 

down for 5 minutes. [056-CAR, 42, M, App B]  

 

Apps as potential behaviour change tools  

With the use of the app, this participant increased their awareness of the importance of 

stable incremental increases in PA:  

But as I was running, I think I mentioned, this already like – that even 

that, the fact that, the fact that I had kind of like ‘oh this is too easy for 
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me’ kind of attitude, it was nice to notice this. And it was nice to kind of 

like get the knee pain at some point just thinking, ‘no, you don’t know 

better,’ you know what I mean. I don’t really know better. And it’s nice 

that there is an app and then, you know, and coaches who have to run 

5K without any kind of – I believe, without any injury or something. So, 

so yes, that was one lesson. So I think I went humble and then the 

second week, how I was supposed to, which was nice. [028-ADA, 30, 

F] 

The extract from the participant below explains how, through the information in App B, 

they gained some valuable tips around running through the streets which, in turn, 

provided some confidence and increased their engagement in running using the app.  

So yes, it has good advice on the thing about how you can, like what 

to do, where to run and stuff. That is a support thing. (…) it says why 

run, so then you’ve got all the, like why it’s good for you. And the bit 

which I read first was about like where to run and what to wear, 

because I didn’t want to – I wanted to do it right. (…)Yes, this bit – 

‘watch out for other pedestrians’ and stuff. So it’s quite good. It tells 

you, tells you what you can do. [063-MAR, 26, F]  

Participant 034-SAR described their learning about what they needed to work on based 

on engagement in App A that targeted the whole body: 

Because I wouldn’t be strong enough to do it the other way. Yes, and 

then went down on to the knees and then to try and do the full press-

up. But my upper body strength is really, really weak, I found, from 

doing this. So, but it was great. I think this is certainly something that’s 

been missing from my exercise. I think I have tended to run, if I’ve done 

anything, or play netball and a lot of it has been about legs, but not so 
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much upper body. And I think there was a couple of other exercises 

that I had to go, you know, look for more beyond this app. [034-SAR, 

34, F]  

Preferences of PA influences PA behaviour (Memory, attention and decision 

processes) 

Participants’ decision to use the app was often based on their preferences to engage in 

PA which, in turn, was influenced by the previous experience. Some of the participants 

decided not to try the app because of the PA targeted, some opened the apps and 

disengaged with them, and some enjoyed going back to certain activities they used to 

do. In addition, the preferences were often expressed as relating to a stable identity 

around ”gym goer”, “runner” or “not a natural runner”. 

The preferential views about PA acted as either enabler or barrier to engagement with 

the app, e.g., “I’m not someone who is very interested in running” (010-LUC). This 

preference often meant that participants were not willing to try the PA targeted in the app 

because of the strong preferences. For example:  

But then I’m not very into this type of thing. I’m not very, doing these 

things is not my - I’d rather just warm up a little bit, play football. But 

I’m very football orientated. It’s totally different, it is. I’m not into this 

type of things. [056-CAR, 42, M]  

Below is an example where the participant talked about their issues around running “I’m 

not a natural runner” (052-WAR) yet they enjoy walking because of the ability to listen to 

podcasts at the same time:  

I feel there’s no pressure. I also, once I’m used to a route, I can do 

other things which – so I have, I’m, at the moment, for the last year, 

since Trump was elected, I’ve been fascinated by American politics. 

So I’m watching his empire collapse around him and it’s extremely 
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interesting (…) And so I listen to that while I’m walking (…)there’s no 

stress, I don’t have to have special clothes or, you know, I don’t have 

to move out of people’s way or be in people’s way.” [052-WAR, 44, M] 

Apps as potential behaviour change tools  

Below are two extracts from the same person reflecting the good match between their 

preference for outdoor PA (App B) and incongruence in the case of App A: 

Yes, I love being outdoors, so then that, that ticks that box. You get 

some fresh air and you get like a physical distance from the other 

things you’re trying to do. Whereas doing that sort of intensive 

exercises in the same room I’m also doing the studying in, it just gets 

a bit stressful. [063-MAR, 26, F, App B] 

And: 

Maybe it’s just not for me, but like I mean people who like doing that 

kind of intensive muscle-building stuff might enjoy it more. And 

probably, yes, a way of mixing up the order if it isn’t there already. [063-

MAR, 26, F, App A] 

There was an aspect to some of the participants about their identity as someone who 

goes to the gym and that engagement in PA equates to going to the gym. This identity 

is constructed around various rituals, such as preparation, meeting people in the gym, 

and the behaviours afterwards, such as the food choices, as illustrated by this participant. 

As such, none of the apps were able to imitate such experience: 

Yes. There’s definitely a weird tragic cult around the gym that is quite 

embarrassing to be into. I went to a gym in Bali when I was there on 

holiday which probably a few years ago I would have thought was 

absolutely mad, who would go to a gym while they’re on holiday? But 
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I went and I was absolutely loving it and then the worst part was at the 

end I went and bought a protein chocolate banana shake and I sat 

down and drank it. And there was some German guy who was it’s the 

best part of the gym, isn’t it? I was yes. [022-MIC, 36, M]  

A preference for a more opportunistic or functional PA was mentioned by participants as 

opposed to deliberate engagement in structured exercise (as prescribed by both apps). 

The example of participant 041-AND illustrates well the preference: 

So, rather than working out in my room, I’d rather just explore some 

part of London. If I lived in a more boring place, then maybe I’d work 

out more often on my own. [041-AND, 21, M]  

“Like being reunited with an old friend”: previous PA experience influences 

engagement in PA (Memory, attention and decision processes) 

Previous experience of PA acted as both, barrier and enabler, depending on the affective 

experience related to previous PA behaviour. The critical time where PA was mostly 

conducted throughout participants’ lifetimes was during adolescence and possibly whilst 

attending University where participants would engage in PA and organised sports 

activities. However, these routines were interrupted when the institution facilitating the 

engagement was no longer attended. Those who had positive experience with the PA 

offered in the app seemed to refresh the memory of the positive experience around 

restarting their PA behaviour. 

Stable and the most frequent PA experience was conducted in the contents of 

institutional activities, either in educational institution or in the context of military service. 

For example: 

Yes, my experience with running is always been just like running in 

school, doing PE lessons and I wouldn’t say it was a bad experience 
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but it’s not something that I find particularly pleasurable. [064-HAY, 33, 

F] 

However, the experience of this organised PA or sports activities was mixed. Some 

participants reminisced about positive aspects of engaging in PA with their peers:  

I was more active when I was about between 12 and 15. I was involved 

with a lot of sport, well, not a lot, but I was – I did football, I played 

football at lunchtime, I played football with my best mate. Played 

cricket. I was very, very active and I was really, really active. I was, you 

do, you do get the endorphins going in you when you’ve done a bit of 

exercise. [045-LIA, 26, M]  

Negative experience at school reflected the education system that may lead to negative 

experience of those that might be perceived as less skilled: 

It’s quite hard to get away from this. But those team-picking things were 

terrible, because I would always be the last or second last to be picked. 

And people would argue about which team I wouldn’t be on rather than 

the other way round, you know, this kind of thing. So it does nothing 

for your self-confidence as a kid. [052-WAR, 44, M] 

Often, these activities would stop when the institutional aspect, i.e., extrinsically 

motivated PA, was removed:  

So, other than that, this really isn’t that bad, you could do it anywhere, 

any time, I mean theoretically I can do it at work too. It’s when I used 

to do when I was in the military. I’d stop every hour and do X number 

of exercises. Every hour on the hour. 

(…) 
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But I didn’t have – in the military, I had PT, physical training, every day. 

I had the discipline, I had to stay in shape for the military. And now that 

I’m out, I don’t. And I eat more junk and, yes. [066-CHU, 48, M] 

Indeed, there appeared to be a critical time when PA stopped upon the commencement 

of adult life with work, time and finance often acting as obstacles, and PA was not on the 

top priority of tasks to complete: 

Okay, I think it was up and down to be honest. Yes, I mean throughout 

the years. For example, when I was still at uni, it was okay. And then 

when I started to do nursing, because of the shifts, every month would 

be up and down according to my rota. [006-CAT, 26, F]  

Apps as potential behaviour change tools  

Previous positive experiences with the running appeared to increase motivation to 

engage with the apps. For example, in the case of this participant, the running 

programme brought back certain joy of engaging in PA and acted as an additional source 

of motivation: 

 (…) it is really good to be getting back into running again. Had 

forgotten how much I enjoy it and will be keeping it up after the end of 

the trial. Had a spot of shin splint at the end of week one. So had to 

get out and get a new pair of stability trainers. Got the same model as 

previously and they were like being reunited with an old friend, made 

a massive difference.” [054-NIG, 53, M] 
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App as a tool providing a structure to fit PA into the routine (Behavioural 

Regulation) 

Apps as potential behaviour change tools  

Participants’ attempts to fit PA into their daily routines was a prominent theme. They 

described how the apps fitted into their schedule by enabling them to plan around their 

routines. This was especially prominent for App B which provides a nine week structured 

plan. Because of the provision of the structured plan (as a feature in the app) participants 

could “visualise” where they will be in x number of weeks. This feature provided 

motivation to continue the programme:  

It makes you feel like you’ve actually done something positive with the 

day, as well as like the studying. I’ve also got this and then I thought 

maybe in five weeks, at the end of exams, I might be here somewhere 

like week six or week seven and be able to have all of those. [063-

MAR, 26, F, App B] 

Similarly, App B provides a convenient structure which was appreciated by the 

participants:  

Yes, especially with the running app because I was like, “Okay, I have 

one day to rest and then I am going for another run.” I don’t know, that 

kept me going. [006-CAT, 26, F, App B]  

The apps also enabled planning PA depending on the time available to engage in PA:  

I’m trying to do, in between, 7 minutes. On the days that I don’t run 7 

minutes. So, I think they kind of work well. If I’ve got time. So, my 

priority will be the running half an hour three times a week and then if 

I’m not working extra time on those days that I just told you, then I 
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would do the 7 minutes. It’s just because if I work from 9 to 10, I’m just 

knackered. [006-CAT, 26, F, App A] 

Similarly, the prescribed timings of running and walking with the instructions from the 

audio coach were appreciated and useful:  

It was just good because you, you know, like you get the timer, I like 

timers and they speak to you and you can actually be outside to use it. 

And you just press ‘play’, put it in your pocket and go, like you don’t 

have to watch it all the time. That’s what’s really frustrating about the 

first one, like you’re constantly like looking to see what to do. Whereas 

with this one, you’re just going. [063-MAR, 26, F, App B] 

Provision of concrete and achievable goals (Behavioural Regulation) 

Apps as potential behaviour change tools  

The app provided goals that were perceived as achievable. In particular, the time specific 

nature of the PA routines (7 minutes for App A and 30 minutes for 9 weeks for App B) 

were perceived as motivating for participants, especially in the context of the lack of time 

to engage in PA as expressed by many participants (and discusses in the theme Lack of 

time): 

Okay, so, I mean it’s good because you don’t have an excuse. It’s 7 

minutes of your time in a day. So, in that sense I think it’s very good 

because you don’t have the excuse, ‘oh, I don’t have time today’, 

because you can, you can put a slot of 7 minutes any time in your day, 

I think. So, I think, psychological, it’s really good in that sense. [006-

CAT, 26, F, App A] 

Participant 054-NIG expressed their view about the 30 min sessions with App 

B: 
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It was enough for me and I quite like it. It’s a nice time period, it doesn’t 

take too much dedication to find half an hour a day to do it three times 

a week. And it kind of fitted in with my lifestyle quite nicely. [054-NIG, 

53, M, App B]  

By prescribing a specific time-restraint PA session goal to be accomplished, the apps 

provided a tool to fight the perceived "excuses”:  

You have really no excuse not to do it other than yes, I’m lazy. But 

other than that, you really have no excuse. I was using it every day. 

[042-MAR, 25, F]  

… and provided a sense of focus: 

A little bit, yes, yes, but I did use the structure of the timing, because 

that does help, having timed things does help me focus. Yes, that was 

that one. [063-MAR, 26, F]  

 

Although the exercises in App A were high-intensity, they were short and seemed 

attainable. For example:  

Because I mean usually, I’d do that, but I just hold it for as long as I 

like, feel like holding it. But this one it gives you like a time and you’re 

like I know I’m going to fall but it’s like 5 seconds left. So, then you like 

hold it for that extra 5 seconds, I guess. [010-LUC, 19, F, App A] 
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6.4.2.3.2 Physical Capability  

Tailoring of the app to the users’ starting level of fitness (Physical skills) 

 

Apps as potential behaviour change tools  

The main reason for the importance of tailoring was so that the PA starting level could 

be matched to the individual’s needs. As discussed in the theme on the importance of 

emotions in PA (theme ‘Emotional influence’) a lack of challenge produced feelings of 

boredom, whereas frustration seemed to follow when the activity was too intense for the 

participant’s level of fitness. This quote reflects well the need for tailoring: 

Yes. But, I don’t know, like I think if I was – I think if it had stuff or easier 

things like a warmup and stuff like a complete beginner – because, to 

me, that’s not a beginner level, because it’s too hard to actually do. 

[063-MAR, 26, F]  

Similarly, the “unachievable” nature of the goal that was prescribed by App A cannot be 

underestimated:  

So, kind of like you can’t screen people. ‘Do you like being outdoors, 

do you...?’ I don’t know. Making it kind of – the main thing for me was 

that the first thing that you do is achievable and not really too difficult, 

because that, like – maybe I’m the only person in the world that can’t 

do a press-up. [063-MAR, 26, F]  

Contrary to the previous participant, others explicitly expressed that the level of PA 

should be assessed and some participants used their own “tailoring” in order to make 

the PA session more challenging:  

…so on the last run of my second week, the last, really the last run of 

this app, was I – I think I’ve switched turns, so I walked when I was 

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/THEMES/1bbd8417-5da2-4fb3-ba6a-3577d6e604b9
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supposed to run and the other way round just because I felt like I could 

run a little bit more and walk a little bit less, rather than the opposite. 

[028-ADA, 30, F]  

Assessment of the starting level PA might also be important because it could make the 

feedback features more personal, and hence more meaningful:  

Like, to help with progression. So, you can see exactly where you are 

at stage one. And then, you know, at stage two, this is, you know, how 

much change that you have had, when you enter in those details 

afterwards. [043-JEN, 26, F]  

6.5 Discussion 

6.5.1 Principal findings  

The aim of this study was to explore the acceptability of trial procedures, and to identify 

and systematically map the enablers and barriers to PA in a sample of physically inactive 

adults living in urban areas. The findings provide an in-depth understanding around the 

variability of the PA outcome as observed for the participants in the feasibility trial. The 

study findings suggest that the trial procedures (e.g., using the apps and wearing 

accelerometers) were acceptable for the participants. A wide range of influences on PA 

was identified which had an impact on participants’ capability, motivation and opportunity 

to engage in PA. The motivation to engage with PA using the apps varied substantially 

and there were environmental factors identified, both physical and social, that seemed 

to impact on PA. The apps tested in the trial can help with addressing some of the 

barriers but there are gaps between the obstacles to PA and the app interventions which 

are not currently addressed. Tailoring of the apps to the users’ circumstances (both 

thinking processes and environmental context) is important.  

file:///C:/Users/ucnvpbo/Dropbox/~%20MY/~%20DDPP/Study%204/THEMES/79647bac-7c01-44c5-8cb6-292bae5e13b0
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6.5.1.1 Acceptability of the trial design and procedures 

Trial design  

None of the participants had negative views around the trial design. On the contrary, the 

opportunity to use two apps was seen as beneficial and many participants would 

compare the apps to consider what PA they might prefer. However, as this was a 

complex design many of them appreciated the reminders to wear the accelerometer 

device and the provision of the study schedule. As such, this crossover design will be 

considered for the use in the definitive trial.  

Data collection methods  

Most of the participants did not have any issues with wearing the accelerometer and 

often reported not being aware of it whilst engaging with their daily tasks. A few 

participants mentioned the device moving and, specifically, rising up whilst worn. This 

issue needs to be considered as it might influence the monitoring of PA levels. In 

addition, the use of EMA was an acceptable data collection method. Many of the 

participants reported being more self-aware of how they felt when asked to rate their 

mood using EMA. Further studies should explore the assessment of mood as a potential 

intervention increasing the awareness of one’s feelings and possibly increase the 

mindfulness of the mood changes following the engagement in PA. 

 

However, there were some issues around the use of the PACO software (which delivered 

the EMA) that should be considered. Some participants responded positively and some 

negatively to the barking dog sound of the prompt. Hence in the future trial the sound of 

the prompt should be tailored to the preference of the individual. A major issue was that 

some of the participants using Android phone would not receive notifications from the 

app and a handful of participants received their prompts in the middle of the night. This 

might render this app unacceptable to use in a definitive trial. Lastly, there were no issues 

reported with filling in the study questionnaires. 
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6.5.1.2 Enablers and barriers of PA and how apps can help or hinder the PA 

engagement 

This study adds to the existing evidence on the enablers and barriers of PA behaviour 

change [366-369]. In addition, it further contributes to the knowledge on how mobile apps 

can help to increase PA but also demonstrates the limitations of these digital 

interventions. These influences on PA behaviour and the app-specific PA behaviour are 

discussed below, facilitated by the use of the COM-B model. 

 

Reflective Motivation  

There were five TDF domains influencing PA behaviour identified within the Reflective 

Motivation component of the COM-B: Intentions, Beliefs about capability, Goals, Beliefs 

about consequences, and Behavioural Regulation, which included themes related to the 

intentions, self-efficacy, health beliefs about the PA and the safety of the app-prescribed 

PA, conflicting priorities, and app enabling structure to fit PA into daily routines. 

 

Intentions to exercise and self-efficacy are consistent predictors of PA, e.g., [370, 371] 

and were identified in this study. The apps have increased the awareness of participants’ 

PA which seemed meaningful for some participants. In addition, confidence increased 

through the ability to follow the apps’ PA routines at one’s own pace. The sheer 

engagement in the PA routines seemed to act as an enabler of further engagement in 

PA through an iterative process of reinforcement. 

 

However, the discrepancy between the intentions of the participants to increase the PA 

and the reality of the engagement is well documented in research literature [103, 372] 

and was evident in the context of this study. The trial seemed to have increased the 

awareness of participants’ PA which, although perceived as meaningful to some 
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participants, did not increase the use of the apps. Whether this awareness was translated 

into behaviour beyond the intervention period was not assessed in this study.  

 

The pre-conceived health beliefs about the positive and negative consequences of 

engaging in PA are important and have been shown to influence the decision to conduct 

PA [373, 374]. In this study, the beliefs about health consequences the exercises 

targeted by the apps seemed to influence the engagement in PA.  

 

In addition, beliefs about the exercise targeted by the app could sometimes hinder 

engagement in PA. Specifically, the safety of the PA guidance in the apps, i.e., running 

in urban spaces (App B) and the lack of in-depth guidance on conducting the exercises 

and alterations based on PA skills and stamina were perceived by some of the 

participants as unsafe. It is important that high quality apps targeting PA include safety 

measures to minimise the potential of injury, and it is specifically important when 

targeting inactive groups as those untrained are more likely to be injured [375]. 

Implementing effective injury prevention measures are effective in decreasing the 

likelihood of injury [376]. However, a review of PA apps’ adherence to exercise guidelines 

[377] showed that apps rarely include such content.  

 

The role and value of deliberate engagement in exercise is difficult with many conflicting 

life priorities [366, 368] with main concerns being family, friends, work and career 

progression. In addition, given that the majority of jobs in urban environments are 

sedentary, participants’ prioritisation of work and career progression meant that PA was 

pushed to a lower rank. Yet, the apps assessed did not include the content feature that 

would help the user to consider prioritisation exercise to increase the likelihood of 

engaging in PA. 
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Those that engaged with the apps seemed to perceive the app tool as a medium that 

enabled planning and provided a structure that incorporated PA session into their lives. 

This was most emphasized for the running program (App B) which provides a 9 week 

plan.  

 

Automatic Motivation 

The two TDF domains within the Automatic Motivation component were Emotions and 

Reinforcement which included the themes relating to emotional influence and provision 

of achievements (App A). 

 

The negative emotions reported by the participants, such as guilt associated with not 

engaging in PA, were identified in the responses of the participants and cannot be 

underestimated. It is unlikely that such negative emotions will lead to behaviour change 

[378-380]. Anxiety around social commitments and perceived lack of time seemed to 

influence the lack of engagement in PA. The emotions experienced by the lack of the 

“match” between the PA and the person, often influenced by previous negative 

experience, could lead to negative affective state that may lead to further withdrawal 

from PA.  

 

Positive states following the engagement in PA that was facilitated by the apps produced 

positive emotions, such as the feelings of being supported, invigorated, uplifted, 

motivated, “clearing the mind”. This produced a positive feedback and there is evidence 

that this initial engagement in PA reinforces future engagement [381, 382]. 

 

The apps seemed to enable PA by evoking positive emotions through engagement with 

the PA and the feature of the voice coach (App B). They may hinder the engagement in 
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behaviour when the PA is perceived as too difficult and when the repetitive nature of the 

PA is seen as boring. 

 

“Yes, I really liked it even though I didn’t ever do seven minutes.” 

In the context of emotions, it has to be noted that some participants expressed that they 

liked the apps but did not engaged in the PA using the apps. This is important and might 

reflect the gap between the “like” and the “effective” as proposed in the discussion of the 

Study 2 results (section ‘Why would almost three million users not be able to filter apps 

that are more likely to be effective?’ Chapter 3) 

 

There is evidence that provision of rewards can be effective in digital interventions [383]. 

The gamification element seemed to have some impact on some of the participants in 

this study through reinforcement. This feature (provided by App A) acted as an enabler 

of PA through providing a sense of achievement and the motivation to collect the 

rewards.  

 

Physical Opportunity 

The TDF domain of Environmental Context and Resources included themes related to: 

the influence of weather, lack of time, outdoor built environment, and indoor environment.  

 

There is strong evidence that engagement in PA is influenced by weather [275, 276]. 

Lack of time is one of the most commonly reported barrier to engagement in PA [382, 

384],and the built environment, including the aesthetics, neighbourhood safety, and 

access to green spaces is a frequent determinant of PA [385-387].These factors were 

prominent in participants’ responses.  
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Interestingly, some participants saw the weather as a barrier for doing outdoor activity 

(targeted in App B), some saw it as a de-motivator to engage in any PA (even that 

conducted indoors), whereas others did not see the weather as an obstacle. Hence, 

when a strong and stable motivation is present, the weather was not an obstacle to PA.  

 

One of the advantages of the apps used in this study was their convenience as they 

provided a prescribed, time-specific PA exercise session (7 min and 30 min) and hence 

could potentially minimise the issue of time as a barrier. This was not the case for many 

of the participants with barriers to PA relating to the current life priorities (discussed in 

the theme concerned with participants’ conflicting priorities) and included long working 

hours, time taken to commute (most often using passive transport system), and family 

commitments. Yet, those who engaged with PA using the app saw it as an opportunity 

to fit exercise into their routines.  

 

The built environment, specifically access to green and safe spaces, was important for 

the participants. App B acted as an enabler through provision of information on how to 

run safely on the streets (App B). Yet, this information provision was only mentioned by 

one participant. The findings from the app engagement assessment (section: 

‘Engagement with the apps’ Chapter 5) suggest that participants might not have spent 

enough time on the apps to be able to engage with the guidance provided in the content 

of the apps. In addition, although there was an assumption in App A that the user has 

access to the equipment (however ordinary) to conduct the PA, the nature of living in 

urban environments meant that some participants had issues with availability of stable 

chair to stand on, access to bare wall to conduct the wall sit, or even expressed the 

difficulty conducting jumping jacks because of the consideration for neighbours. 
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Social Opportunity  

The TDF domain of Social Influence included themes related to the social aspects that 

influence PA engagement.  

 

There is evidence that group-based PA is effective [388, 389] and many users believe 

that PA behaviour change technology should provide the human factor [390]. Many 

participants described the time when they engaged in PA regularly when they 

experienced the PA with others. This type of engagement in PA, while exercising, 

seemed to produce a feeling of enjoyment and entertainment. In addition, it appeared to 

increase engagement in PA through social commitment.  

 

There was some evidence that the audio coach in App B acted as an enabler when it 

fulfilled the social role expected by the participants, i.e., being funny, supportive or 

motivating; this feature may hinder engagement if such expectations were not met. 

However, neither of the apps included the features of connecting with other users, neither 

was there a feature of enabling accountability, representing a missed opportunity. 

 

Psychological Capability  

The TDF domains within the Psychological Capability component were Knowledge, 

Skills and Memory, Attention and Decision Processes, and they included the themes 

relating to the preferences of activities and previous PA experience. 

 

The knowledge and skills around exercise are important factors that play a role in PA 

engagement [391, 392]. Indeed, in this study misconceptions about PA and the emphasis 

on the negative aspects, such as the potential of injury seemed to play a role in 

participant’s decision to engage in PA. The content of App B included useful guidance 

on PA but there was no evidence that many participants read this information. The 
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evidence in this study suggests that the two apps can act as enablers through the 

information provision and the positive feedback from the body following a completion of 

the PA session; apps may hinder PA when the PA targeted by the app may be seen as 

unsafe or perceived as not appropriate for the participant. 

 

Both the perceived preferences of PA and previous PA experience are important factors 

in the context of PA behaviour change [371, 381]. In this study, the influence of 

participants’ preferences around certain PA and their stable identities (e.g., “not a natural 

runner”) were important. These perceptions seemed to be influenced by previous PA 

experience including the time during Physical Education or military service. The apps 

acted as enablers when the preference was congruent with the apps or when the 

previous experience of the PA was positive; they hindered the engagement when PA did 

not match the preferences or negative experience connected to the PA was evoked. 

 

Physical Capability  

The TDF domain of Physical Skills included the theme related to the tailoring of the app 

to the user starting level fitness.  

 

Tailoring of the digital interventions is important for engagement [393-395]. In this study, 

the importance of matching the PA starting level to the individual was evident. The lack 

of challenge produced the feeling of boredom, and, when the activity was too strenuous 

for the participant’s level of fitness, frustration was experienced. Both states often lead 

to disengagement with the apps.  

6.5.2 Strengths  

This study showed that the trial design, the procedures and the app interventions were 

acceptable to the participants. In addition, it complements the feasibility trial and provides 
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an in-depth analysis of the real world implementation of two popular publicly available 

apps.  

 

This study adds to the existing evidence on enablers and barriers to the PA behaviour. 

In addition, it further contributes to the knowledge how popular PA apps can help to 

increase PA but also demonstrates the limitations of these digital interventions.  

 

The wide range sample including those that engaged and did not engage with the apps 

took part in the interviews which provided a comprehensive range of influences on PA 

behaviour that were included in the findings generated.  

 

This study provided an insight into the experience of using the two popular apps on the 

market. In addition, not limiting the analysis to the apps, it also shed light on the wider 

context of PA engagement in physically inactive adults residing in urban environments. 

As such, the limitations of the apps for facilitating PA were identified and some gaps for 

improvement were suggested. 

 

The use of TDF and COM-B to map the enablers and barriers of PA and engagement in 

PA using the apps tested is a strength as the characterisation of the influences of the 

behaviour can help to identify the potential intervention functions and the BCTs that 

should be included in interventions to address these influences [107, 108]. The future 

work is discussed in the main discussion of this thesis (section: ‘Immediate future 

research direction ’). 

6.5.3 Limitations 

During the interviews, one participant revealed they increased their PA levels following 

their screening questionnaire which potentially means that they would not fulfil the 
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inclusion criteria. No other participants mentioned increasing their PA but it could not be 

ruled out.  

 

The findings reflects the participants’ salient memory content about the app experience. 

Data-prompts were used to facilitate recall and the interviews were conducted within a 

short time following the completion of the trial (not more than a week). However, it is 

possible that memory bias was present during the interviews.  

 

The influence of biological differences in PA engagement that exist, e.g., sex, ethnicity, 

age, educational level and BMI, health status [263] were not directly explored in this 

study.  

6.5.4 Implications for research, practice and policy 

Research 

More research is needed to map the complex interconnected system of engagement in 

health behaviours in the digital context. Behaviour theory and evidence-based tools, 

such as the TDF and the COM-B model can help to systematically identify the enablers 

and barriers to the behaviour in the context of digital interventions. Moreover, the BCW 

can be used to determine the content of the interventions addressing these specific 

influences on behaviour.  

 

It is important to conduct more research into how to increase motivation to engage with 

digital interventions. It is especially important because mere initial engagement with the 

apps produced immediate positive responses which increased the subsequent 

engagement with the apps and PA. In addition to the benefits of regular PA, there is also 

evidence for the immediate positive impact of PA. For example, a single session of 

moderate-to-vigorous PA can decrease anxiety and insomnia, improve cognition and 

reduce blood pressure [12].  
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An important implication for the definitive trial is ensuring the participants feel safe when 

conducting the PA prescribed by the apps. This might include providing more information 

about the safe ways to start and continue the PA routine. In addition, although none of 

the participants reported the use of any other PA apps during the study, such question 

was not explicitly explored. The process evaluation following the definitive trial should 

include such question. 

 

Specifically, the safety of the PA guidance in the apps, i.e., running in urban spaces (App 

B) and the lack of in-depth guidance on conducting the exercises and alterations based 

on PA skills and stamina were perceived by some of the participants as unsafe. It is 

important that high quality apps targeting PA include safety measures to minimise the 

potential of injury, and it is specifically important when targeting inactive groups as those 

untrained are more likely to be injured [369]. Implementing effective injury prevention 

measures are effective in decreasing the likelihood of injury [370]. However, a review of 

PA apps’ adherence to exercise guidelines [371] showed that apps rarely include such 

content. (p. 353). 

 

In the current study, data saturation was reached after 20 interviews. However, there is 

a scope to use the remaining 16 interviews to explore the differences in those that 

engaged and did not engaged with the apps. In addition, as there was a substantial 

variability in the 20% increase in MVPA, it would be of benefit to investigate the 

differences between those that increased versus decreased their PA. This analysis 

would potentially enable to categorise the participants into those that are likely to respond 

to the app interventions. However, due to time and resource constraints, however, the 

analysis of the differences in responses to PA apps was not conducted.  
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It is important to establish research evidence on when PA apps can be effective and 

what their limitations are. This includes identifying the most critical time when these 

interventions could be introduced.  

 

Digital interventions could potentially help to tackle the environmental barriers to PA, 

however most apps still rely on the users will, i.e., reflective motivation in a form of self-

regulation to change their behaviour. Finally, more research around how to embed a 

digital intervention within the value system of the users, family, work and career, is of 

importance.  

 

Practice: developers 

The developers of digital interventions should explore the design space to include: 

 Features connecting with other users so that PA can be conducted with social 

support in the real world rather than connecting users in the digital space 

 Features using the power of social commitment could be considered as a method 

to increase engagement in PA 

 The guidance around the safety of conducting PA should be emphasised to 

decrease users’ concerns around injury. This should be framed in a positive way 

[396]. 

 Designing digital products and services leveraging the users’ priorities and values 

is important for engagement 

 

Practice: healthcare professionals  

Although there is evidence that apps can help to change behaviour, healthcare 

professionals should be aware of the limitation of these interventions. 

 



 
 
   

361 
 

Health behaviour change using digital interventions may help, however, the evidence 

suggest that a broader context should be explored when suggesting digital products or 

services. It is unlikely that digital interventions in themselves will increase health 

behaviours, in this context PA, at scale and for long-term. 

 

Policy 

Digitisation of public and health services is high on the agenda, e.g., [397-399]. However, 

it is important to first establish the evidence base of when, for what population, in what 

contexts digital intervention can be effective, and equally effective to face-to-face 

services. 

 

With competing life priorities, health seems to be prioritised lower among life’s most 

pressing matters. A change of social and cultural norms around engagement in healthy 

behaviour is needed. Accessibility to and availability of environments conducive to 

engaging in PA, such as green spaces, safety of the neighbourhood, and aesthetics of 

the environment are important.  

 

An example of an environmental change at scale is Beelines project [400] which involves 

transforming the city’s cycling network. A project initiated by Greater Manchester’s 2nd 

ever Cycling & Walking Commissioner (the 1st being in London) is now under way to 

create over 75 miles separated cycle lane and pedestrian crossing. It will be the largest 

network in the UK. The process involved mapping disrupted cycle networks and creating 

connections between the routes for continuous and safer experience. This type of 

environmental initiatives changing the choice architecture have the potential to change 

the cultural and social norms by normalising cycling, and encourage walking and running 

around the city. 
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When considering the potential of digital interventions to increase access to PA, a new 

initiative by Sports England is to harness open data to create online services which 

enable a quick and easy booking system for online classes [401]. With £1.5 million of 

National Lottery of funding to the Open Data Institute. Developing and implementing this 

digital initiative may alleviate some of the barriers to accessing PA. However, an 

evaluation should be in place to assess the impact of such population-level intervention.  

6.5.5 Conclusions  

Overall, this qualitative study provided some important findings about the experience of 

taking part in a trial assessing two apps, provided an insight into the enablers and barriers 

of PA as well as shed light on the experiences of fitting the apps into the routines in adult 

physically inactive population residing in urban environments. The trial procedures and 

the app interventions were acceptable. Participants’ responses suggested that the 

opportunity to use two apps was seen as beneficial and many participants compared the 

apps to inform their PA preferences.  

 

A variety of enablers and barriers to PA engagement were identified providing insights 

for the quantitative findings of the feasibility trial where a great variability of the responses 

to the interventions was observed. The two publicly available app interventions can 

address some of the barriers to PA but it is unlikely that PA apps will be sufficient to 

address the lack of PA on the population level. Multiple level interventions approaches 

including collaboration of disciplines are needed. Although intentions, self-efficacy and 

beliefs are important for health behaviour engagement, incorporating users’ value 

systems as a motivator and targeting environmental factors (both social and physical) 

facilitating PA engagement are needed in order to change the cultural and social norms 

around PA.   
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CHAPTER 7. Discussion 

 

7.1 Chapter overview 

In this final chapter of the thesis I provide a summary of the main findings of the thesis 

and discuss these in relation to the overall aim which was to investigate the public health 

potential of PA apps. I present my argument that the apps on the market might be 

effective for certain users, mainly those highly motivated to change. I then discuss the 

gaps that are unaddressed by the publicly available PA apps and suggest the potential 

avenues for exploration. I then introduce the perspective of critical health in order to 

challenge the work in this thesis. I emphasize the need for multidisciplinary approach to 

digital health and behaviour change. Finally, I present the implications of this research 

work, and finish with outlining the immediate future research plans.  

7.2 Principal findings of the thesis  

This thesis investigated the public health potential of publicly available PA apps through 

the investigation of the app market (Part 1 of this thesis) and through evaluation of the 

selected apps with inactive users (Part 2). The quality assessment of highly ranked apps 

showed that, although the popular apps had high usability, i.e. they were predominantly 

easy to use, there were major issues around the privacy and security of users’ data. The 

restricted inclusion of the behaviour change theory in the app content is also their 

limitation. Specifically, they mostly target self-regulation processes which rely on 

deliberate, reflective decision-making of the users to engage with the PA using the apps. 

In addition, popularity was not associated with likely efficacy providing evidence that 

popularity does not assure high quality. 
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The feasibility trial of two popular apps and the subsequent qualitative study showed that 

such trial is feasible to conduct and acceptable to participants. In addition, the apps 

assessed have the potential to be effective. Although the trial was not powered to detect 

a difference, an increase in self-reported PA and in the mediators of PA was observed. 

In addition, objectively measured PA (20% increase in MVPA) showed that the effects of 

the apps varied substantially. The opportunity to use two apps was seen as an advantage 

to the participants. The influences on PA behaviour were identified shedding light on the 

wider contextual issues of those who are classed as physically inactive and living in 

urban spaces. Motivation to engage with the apps and to conduct PA seemed to be an 

overarching issue and this evidence mirrors the research literature on engagement with 

behaviour change technology [223, 402, 403]. The several environmental and social 

factors that were identified suggest that, although apps can help to increase PA, their 

scope may be limited. A multilevel approach is needed to change the activity levels in 

the population. 

7.3 What is the public health potential of PA apps on the market?  

In the following sections of this Chapter I consider the implication of the findings in the 

light of the overall aim of the thesis. I also place this research work within the context of 

wider research, and I discuss the further research plans.  

7.3.1 The apps on the market are developed for a motivated user 

This thesis proposes that the apps on the market are appropriate for highly motivated 

users. The top ranked apps focus on providing monitoring and feedback, and enable 

goal setting and planning. In order to engage with such features, the user needs to 

engage in an effortful deliberate decision-making processes. However, the prevalence 

of self-regulation app features is not matched with the UK's population’s barriers to PA. 

For example, as shown in this qualitative study and in the wider literature [366, 368], PA 

is not on top of the priorities of the potential users and engagement of PA is often based 
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on past experience. Monitoring, feedback and goal setting might not target such barriers 

to PA. Hence, the apps may be engaging for a highly motivated user with stable identity 

characterised by perseverance. Such user will overcome the environmental obstacles to 

engage in PA. However, when considering the public health potential of those apps, this 

type of user profile might not be the one targeted by public health interventions.  

 

Indeed, overwhelming evidence shows that human decision-making is often based on 

urges, emotions and habits. This may often lead to irrational impulsive decisions rather 

than balanced thought-through decision-making. For example, PRIME theory has 

advanced our understanding and provided a theoretical structure of human motivation 

[404]. According to the theory, the human motivational system includes five interacting 

sub-systems which include plans, evaluations, motives, impulses/inhibitions and 

response execution. Important influences on the system are: drives, emotional states, 

arousal, identity and self-control. The theory highlights that motivation is not a stable trait 

but a dynamic, complex, and volatile phenomenon that changes from moment to moment 

based on the input from both internal and external environment. As argued by the PRIME 

theory, reflective decision-making is only part of the process that influences motivation 

[404, 405]. 

 

Acknowledging irrationality  

The theories that acknowledged the limitation of human rationality are referred to as dual 

processing theories [406, 407]. These theories developed simultaneously in various 

fields of psychology including learning, decision-making, and self-control [408-410]. They 

distinguish between automatic processing, i.e., habitual and fast which includes 

impulses/habits/emotional reactions, and controlled, reflective processing which is more 

effortful and slower, and involves active thought process. The main premise of the dual 
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process is that engaging the reflective system to override the automatic processes 

requires cognitive effort, and hence it is limited.  

 

Further evidence for irrationality in human decision-making comes from behavioural 

economics, a discipline that investigates the systematic deviations from rationality. 

Standard economics is based on the model of a rational consumer where intentions are 

formed, pros and cons are weighed up, and optimal decisions are made. In 2002, Daniel 

Kahneman won a Nobel Prize for his contribution to the psychology of decision-making 

for his work on the heuristic and cognitive biases. Human decision-making, and the 

subsequent behaviour, is influenced by a set of heuristics, i.e. mental shortcuts that 

simplify decision-making and biases, i.e., predictable deviations from rational decision-

making [411]. For example, time inconsistency (or presence bias) relates to the 

observation that humans, when making decision, value immediate gain. Hence, the bias 

can explain the difficulty in placing the emphasis on the long-term detrimental effects of 

physical inactivity. The impact of heuristics on exercise behaviour has been recently 

been emphasized by Zenko, Ekkekakis [412]. 

 

Williams and Bohlen [413] argued that one of the most relevant heuristics for PA 

behaviour may be affect heuristic which postulates that people are more inclined to 

engage in behaviours linked to pleasure and avoid those linked to displeasure and pain, 

and this process is often based on previous experience. It is the fundamental principle 

of psychological hedonism.  

 

Similarly, Dolan, Kavetsos [414] argued that a shift is needed from educating people 

about health benefits of PA to methods of making PA perceived as pleasant and 

enjoyable, which is an “enormous challenge”: 
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 “Policy can step in to boost exercise participation rates by promoting 

it as a fun, pleasurable, activity. Happiness is part of the feedback 

individuals derive from exercising, which can be viewed as an 

important mechanism encouraging further engagement in that 

behaviour” [414, p. 1372] 

In summary, there is vast literature on the importance of going beyond the rational 

decision-making processes that predominantly characterise the main functionality of the 

PA apps on the market. Specifically, PRIME theory explains the complexity of the 

dynamic motivational system and stresses the importance of influencing moment-to-

moment motivation to increase the likelihood of engaging in PA behaviour. Both, dual 

process theories and behavioural economics emphasize the impact of the automatic 

process involved in decision-making, and the importance on focusing of the enjoyable 

aspects of movement. This Discussion Chapter will now move to recommend how the 

automatic processes can be targeted.  

7.3.2 Going beyond rational decision-making – Intervention design  

The nudge approach to intervention development aims to change peoples’ choices and 

behaviours utilising the biases, routines and habits described above. An example of a 

nudging in the context of PA is to making stairs more attractive and prominent or making 

cycling more viable through cycle hiring scheme. A type of intervention that aims to 

change the environment to facilitate the healthier choice is referred to as choice 

architecture. Both nudge and choice architecture have been used to increase health 

behaviours including in PA [415-417]. 

 

Recent research work aimed to develop a system of classifying interventions that alter 

micro-environments, i.e., the proximal physical environment. The result is the typology 

of interventions in proximal physical micro-environments (TIPPME) [418]. Although the 
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framework has been developed based on the research into the purchase and 

consumption of tobacco, alcohol and food, it has recently been applied to PA. A recent 

review of 35 PA interventions using nudge utilised TIPPME found that most of the 

intervention (n= 26) aimed to increase stair use, used exercise commitment (n=4), 

general PA (n=4) and walking (n=1). All studies focused on micro-level, i.e., individual-

level behaviour, and they identified clear opportunities for digital interventions delivered 

in a pragmatic, real world setting as these were rarely used in the studies identified [419]. 

 

7.3.3 Technology can have a place in creating social connections 

In addition to physical environment, the influencing power of social environment should 

be utilised to affect behaviour change. The prevalence of loneliness continues to 

increase as the research evidence on the detrimental impact of loneliness also 

accumulates [420, 421]. The sense of belonging protects against loneliness and 

participation in groups are considered the active component of many therapies. Although 

group interventions need to be sensitive to ethno-religious identities [422], harnessing 

the power of groups can facilitate health behaviour change. For example, social support 

is an effective methods to increase goal attainment [423, 424]. The influencing social 

factors on PA were also prominent in participant interviews in this thesis. Yet, the content 

analysis of the apps (Study 1) showed that most of the features that target social support 

in popular PA apps do not go beyond the option of sharing users’ PA session results on 

social media, and some apps provide access to in-app communities with similar functions 

of sharing users’ progress. 

 

Although digital technology can emphasize the individualistic nature of a Western culture 

[425, 426], yet, it can also have the potential to affect behaviour change if technology is 

used as a medium to connect people with similar interest in the real world [427]. For 

example, Footy Addicts is a web and app service that enables the users to join football 



 
 
   

369 
 

in local areas. Combining PA with socialising might help to decrease the levels of low 

mood, create connections within and between the communities, and, in the long-term, 

help to prevent diseases. 

7.3.4 Away from the dichotomous question  

There is evidence that digitally delivered interventions can have an effect on PA 

engagement, e.g., [84, 129, 428-437]. The question that remains is: what are the critical 

moment in the behaviour change journey when digital technology is most likely to act as 

a propeller to change? As found in this thesis, there was a great variability of the effect 

of the two apps. However, some participants increased their PA and there was evidence 

of the beneficial effect of the apps in participants’ recollection of their experiences. Still, 

it is unknown when are the most critical times when the apps should be implemented. It 

is most likely that tailoring of the digital technology to the user’s circumstances would be 

most beneficial.  

7.3.5 The importance of tailoring  

Indeed, tailoring of the digital health tools to user preferences is paramount as 

manifested in the qualitative interviews of this thesis, and wider literature [223, 427]. A 

short set of questions could be used to gauge user preferences and fitness level and 

then to tailor the digital interventions to their needs and likes. An example of such tailoring 

is the Good Thinking service which provides access to digital tools targeting mental 

health. Their short self-assessment questionnaire is used to tailor the digital intervention 

displayed to the user based on the result of the survey. This set of questions is the most 

used feature of the website [438]. Based on the proposed citizen science methods 

(discussed further), it will be possible to create a more sophisticated profiling of the users 

so that digital interventions could be matched to their needs and so increase long-term 

engagement and increase the likelihood of effectiveness.  
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A promising field of responsive tailoring is Just in Time Adaptive Intervention (JITAI) 

[439]. JITAIs may be particularly suited for developing PA interventions that utilise time-

varying information (e.g., the user’s progress towards the goal) to implement dynamic 

strategies to support behaviour change [440]. Indeed, a recent review of JITAIs found 

that common BCTs used in these interventions include self-regulation techniques, such 

as goal setting, feedback, and action planning. The authors concluded that it is crucial to 

underpin the development of JITAIs in theory [441]. As presented in this thesis, 

behaviour science tools, such as the COM-B model and TDF may be used to assess the 

influences on PA behaviour. In addition, appropriate BCTs may be used to develop the 

JITAI to target these influences [113].  

 

Haseler, Crooke [384] proposed an approach to discuss PA in a primary care 

consultations, called “ask-assess-advise”. The advice part relating to behaviour change 

is presented in Figure 56. At the time of writing this thesis, there was no standardised 

questionnaire to assess the patient’ characteristics in order to tailor the PA intervention. 

In the future, based on big data from quantitative PA assessment as well as subjective 

experiences, it may be possible to develop a standardised questionnaire to assess when 

people are most open to receiving the advice to increase their PA. By suggesting small, 

incremental and achievable goals the clinicians could impact the decision to start the 

process of change. In addition, a tailored digital product/service could be suggested 

based on the user preferences, level of motivation and the environmental circumstances. 

Lastly, an alternative to digital interventions could be offered if such a mode of delivery 

would not be appropriate.  
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Figure 56: The advice stage relating to behaviour change in the ‘ask-assess-advise’ 

approach (reproduced with permission from [384]) 

 

 

7.3.6 Citizen science: the what, for whom, in what context 

There still remains the question of WHICH PA apps have the most potential to change 

behaviour. However, RCTs may not be appropriate to compare the multitude of apps on 

the market, neither they are financially feasible. Alternatives to RCTs, as evidenced in 

this thesis, can include the use of crossover trial. Citizen science might be a more 

appropriate data collection method to answer the question of what, for whom, under what 

circumstances may be effective for behaviour change to inform which apps might have 

the most potential to engage the participants. An example of the use of citizen science 

is myCircadianClock which is an app that collects daily lifestyle data that can be used by 

the user whilst contributing to research on the effects of circadian rhythm on health [442]. 

Based on the data gathered through the involvement of the users, it might be possible to 

tailor the digital interventions to the profile and the circumstances of the users to shed 

more light on the holy grail of digital technology: what, for whom, and under what 

circumstances. 
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7.3.7 Critical approach 

I recognised that it was important to discuss the wider issues around behaviour change 

and digital technology when considering the potential of apps to increase PA on a 

population level. Hence, I brought the critical health perspective, i.e., the study of the 

influence of the socio-structural processes and power relations on health and illness 

[443], into the discussion. Introducing this critical lens was important for two main 

reasons: 1) to reflect on the discipline I associated myself with – health psychology, 2) 

to place my work in this thesis in the wider public health system. 

 

7.3.7.1 Digitised healthy citizen  

Within the context of growing digitisation of health and healthcare, Lupton [68] takes a 

step back and provides a critical perspective around public health messages around self-

care and self-management, i.e., encouraging active managing of citizens’ health. The 

language often used by developers of digital health emphasizes the choice and control 

of the consumer to make right decision about their health. Lupton coined the term 

“digitally engaged patient” [444] where, within the digital context, patients are 

encouraged to use digital technology to seek information but also to self-monitor, engage 

in health behaviours to prevent disease, and self-manage their health conditions. She 

argues that the danger of this notion is that it shifts the responsibility on the individual 

rather than the state [445, 446]. Such messages, for example, through public health 

campaigns, understate other ways of caring for citizens, such as collective and state-

supported initiatives [447]. 

 

This criticism reflects the discipline of health psychology, and, specifically, the use of 

behaviour change models, in particular social and cognitive behaviour change model 

which focus on the individualistic approach. These models take for granted the 

assumption about the need to persuade people to change their behaviour and adopt 
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practices that are seen as "right". As such, mainstream health psychology is ignoring the 

environmental dimensions of digital health. In such a way, health psychology encourages 

the focus on people to take responsibility to increase their health and detracts from the 

socio-cultural context in which health practices are performed whilst ignoring the lived 

experience [448, 449]. It has to be noted that this approach is not limited to neither digital 

research nor health psychology but reflects the trends in psychology as a discipline [68]. 

Although the COM-B model used in this thesis acknowledges the environmental factors 

involved in behaviour change, it is important to explicitly acknowledge the issues around 

health behaviour when targeting individual behaviour change. Hence, it is important, in 

the context of this thesis, to place PA apps as one of the tools that can facilitate 

engagement in PA within the wider social, cultural and political environment.  

7.3.8 The need for multisector and whole system approach  

Ultimately, it will take both internal (person-based) and external (environment-based) 

changes to affect health and well-being on a population level. Indeed, PA is increasingly 

being defined as a major, complex, and multisector issue [450]. The analysis of PA 

policies in England argue that there is a need for multi-level, cross-sectoral investments 

that integrate public health campaigns with infrastructure to increase the opportunities in 

the environment to be more active [87].  

 

Shifting away from PA and moving into active living has been suggested and might be 

more proportionate to the overarching goal of reducing the burden to the NHS through 

the prevention of noncommunicable diseases [451-453]. For example, in line with 

Lupton’s critical insights, the social ecological model recognises the complex intertwined 

relationships between the individual, their environment and the policies that affect both. 

Individuals may be responsible for behaviour change to some degree; however, they are 

influenced by their social, physical and political environments. A social ecological model, 

witch proposed four domains of active living including active recreation and transport, 
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and occupational and household activities, is presented in Figure 57 [454]. This 

visualisation illustrates well the complexity of the PA engagement. It highlights that social 

and cultural change is needed to embed PA within individuals’ values and life priorities, 

i.e., as part of a lifestyle rather than detached behaviour. 

 

Figure 57: Social ecological model of active living (reproduced with permission from 

[454]) 

 

 

Lastly, risk of disease is unlikely to be explained by a single behaviour. For example, a 

complex system of behaviour and behavioural outcomes including diet, PA and body 

weight are more likely to explain risk of cancer [455]. In, addition, even in sufficiently 

active individuals, daily sedentary time is an independent risk factor for all cause 

mortality, cardiovascular disease, and diabetes [456]. 
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7.3.9 The need for a multidisciplinary work: shedding the disciplinary self-

identity 

Everyday life, where health and behaviour is experienced, is not made up of medicine, 

psychology, technology, etc. These seemingly independent areas of knowledge/skills 

are organised into disciplines to advance the different aspects of understanding. 

However, translating and implementing the learning into practice needs consolidation of 

these entities into real life. However, interventions are often developed (and funded) 

focusing on specific, often singular, behaviours from a single discipline point of view. 

There is a need to reduce the separation by bringing together various disciplines and 

approach the intervention development as a system taking into account the “whole” 

being, the social and built environment, and the powerful and dynamic influence of 

automatic (unconscious) processes on behaviour. Targeting a single behaviour from a 

single discipline is unlikely to bring about the change needed to save the NHS.  

 

7.4 Immediate future research direction 

This section outlines the proposed next step following the completion of this research 

work. 

7.4.1 Definitive trial 

Part 2 of this PhD, which focused on the assessment of the two popular PA apps, 

demonstrated that this crossover trial is both feasible to conduct, and acceptable to 

participants. Hence, based on the lessons learnt from running the feasibility trial, the next 

steps will be to conduct a definitive trial of the two apps. The opportunity to use two apps 

was seen as an advantage to participants. Participants compared these two interventions 

to each other forming preferences of what they would and would not like to use. This 

seemed to mimic the market where apps are downloaded, tried, and discarded if 
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perceived as not useful. Hence, the lessons learned from conducting this feasibility trial 

will be used to refine the development of the protocol for the definitive trial. 

 

In comparison to this feasibility study, the definitive crossover trial will include longer 

follow-up periods to assess the behavioural effects and the maintenance of PA using the 

apps. Accelerometer device will be used to measure the primary outcome because it is 

a gold standard in PA research [337, 338]. A continuous variable will be used as it is 

more powerful to assess the real difference in PA. However, the process evaluation will 

compare those participants that respond to the app interventions to those that do not, as 

variability in PA outcome is expected, as learned in this feasibility study. 

 

In addition to the self-reported engagement scale used in this study, it would be of benefit 

to assess the objective measures of usage data. This will mean that a close collaboration 

between the developers and the researchers is needed to access to the usage data. 

Moreover, as this qualitative study showed, participants had issues with the safety of the 

PA prescribed in the apps, additional information around injury prevention will be 

included. 

 

The advantage of conducting a definitive crossover trial includes the ability to assess two 

apps to increase PA in inactive population. Fewer participants are needed for a crossover 

trial in comparison to other designs where each participant only receives a single 

intervention. However, a disadvantage of this type of design is that it treats the app 

intervention as whole and hence individual features or BCTs are not assessed. As 

participant will be randomised to the app use, it will not closely represent a real-world 

situation. However, this is a common issue in experimental studies. 
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The preliminary findings showed clear differences in self-reported measures, both 

psychological and behavioural. The variability in the 20% increase in MVPA using 

accelerometer data suggest it might be important to investigate who increased and 

decreased their PA so that the apps could be tailored to the individuals responsive to the 

intervention. Hence, there is a scope for investigating the differences in those 

participants that decreased and increased their MVPA. This could be done using 

qualitative exploration of the data gathered as part of this PhD. These findings could 

inform the development of a questionnaire to assess the readiness to use a digital aid to 

increase PA.  

 

7.4.2 Strategic behavioural analysis  

Study 1 helped to answer the question around what the apps do through the 

characterisation of the BCTs and the feature extraction. Further, the identification of 

enablers and barriers to PA (Study 4) helped to answer the question about what should 

the apps address. Table 68 displays how the studies in this thesis complement each 

other. In the next section I present how I would like to take this research learning further 

by conducting a strategic behavioural analysis. 

 

Table 68: A diagram of complimentary studies of this PhD and the next step proposed 

 

Study Question answered in this PhD  The output of the method used 

Study 1 What is in the apps now?  Content of apps: BCTs, app 

features  

Study 4  What should the apps target? Identified enabler and barriers to 

PA  

 

 

Further 

work  

What are the gaps and 

opportunities for improvement?  

Strategic behavioural analysis  
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Theoretical congruence between the influences on the PA behaviour and the 

content of the popular PA apps  

 

By using a systematically developed tool, it is possible to identify the intervention 

functions, policy categories, and BCTs that would be most likely to target the underlying 

influences on the behaviour. This process is termed as behavioural analysis which is a 

vital stage of theoretically-driven intervention development [457, 458]. This study shed 

light on the influences of PA behaviour in the sample of participants that took part in the 

trial (Study 4), however a high quality behavioural analysis will involve synthesising the 

evidence base on the key drivers of behaviour from a wider research literature.  

 

The mapping of the influences on the PA behaviour onto the TDF domain in this study 

provides the ground for future work. The BCW matrices (presented in Appendix Q) can 

be used to ascertain the most relevant intervention functions and policy categories to be 

targeted to influence the enablers and barriers [113, 114]. Most relevant to this thesis, 

however, is a recent work based on a literature review of 277 studies, a consensus of 

105 experts in behaviour change and a triangulation of the two, produced an evidence-

based matrix mapping TDF to BCT Taxonomy (v1) [459]. For example, The TDF: 

Environmental Context and Resources was a prominent influence on the PA behaviour 

as found in the qualitative interviews (Study 4). This domain is most likely to be targeted 

by BCTs:  

 3.2. Social support (practical),  

 7.1. Prompts/cues,  

 7.5. Remove aversive stimulus,  

 12.1. Restructuring the physical environment,  

 12.2. Restructuring the social environment,  

 12.3. Avoidance/reducing exposure to cues for the behaviour,  
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 12.5. Adding objects to the environment. 

Although 3.2. Social support (practical), and 7.1. Prompts/cues were identified in some 

of the apps, none of the other BCTs were identified in the review and content analysis 

(Study 1). Hence, the TDF mapping of the enablers and barriers showed that there is 

some overlap between the influences on behaviour and what is targeted in the apps. 

However, there are many incongruences.  

 

The process of exploring the coherence between the influences on the behaviour (in this 

context PA engagement) and the interventions (in this context existing PA apps) enables 

to identify the missed opportunities for intervention content, and is termed strategic 

behavioural analysis. The COM-B and TDF has recently been applied in an increasing 

number of systematic reviews as a framework for synthesising behavioural determinants 

across qualitative and quantitative studies reporting perceived enablers and facilitators 

of a range of behaviours [460-462]. 

 

Hence, the my proposed next steps will be to conduct a strategic behavioural analysis to 

explore the influences on the behaviour and to recommend interventions that would be 

most appropriate to target these influences. This work would be alongside the trial 

assessing the apps. The rationale for this parallel work is to assess the effectiveness of 

apps (following the feasibility trial) but also to address the broader issues of engagement 

in PA, as discussed in this Chapter. As such, the question of interest would shift from: 

‘Are apps effective?’ to ‘When are apps effective?’ i.e., at what stage the apps could be 

introduced to increase the likelihood of engaging in PA. 
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7.4.3 Strengths  

This thesis has several strengths. First, by focusing on the app market, i.e., the 

interventions (Part 1) as well as on the potential user, i.e., the target users (Part 2), this 

thesis gained a comprehensive understanding of both the digital health technology and 

behaviour change in the context of physical inactivity. Second, the methodology used in 

this thesis included a range of qualitative and quantitative methods. The use of novel 

research methods (e.g., content analysis of highly-ranked PA apps, crossover trial to 

assess apps, EMA, data-prompted interviews) enabled rich data collection and analysis. 

Third, the insights from this thesis are set in the real world. The evaluation of the top-

ranked apps enabled this thesis to focus in the digital health technology that is, at least, 

used once by the public as the download rates for the top-ranged apps are in millions. 

Fourth, the methodology is pragmatic and applied to health psychology in public health. 

As such, the quality framework developed in Study 1 can be used to assess the quality 

of technology in other behaviours and using various modes of digital delivery, for 

example online interventions. In addition, the novel application of a crossover trial to 

assess the two digital interventions can be applied to other behaviours and digital health 

interventions. 

7.4.4 Limitations 

First, the thesis had a broad scope including the assessment of the state-of-the-art PA 

apps on the market, and the potential effects of the apps on the users. As such, the 

review and content analysis was conducted on top-ranked 65 PA apps from a pool of 

121. Although it is unknown how many PA apps are on the market, the number of general 

health and wellness apps exceeds 325, 000 [81]. In addition, it was possible to assess 

only two of the most popular apps in a trial. Second, the inclusion of BCTs was used to 

represent effectiveness; however, this variable does not substitute experimental studies, 

such as RCTs. Third, the generalisability of the findings from the crossover trial and the 
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qualitative study is limited to the UK population living in urban environments. Fourth, the 

short periods of app assessment were used to assess feasibility and acceptability. For 

the definitive trial, longer intervention period is needed to assess the behavioural effect 

of the apps. Fifth, as I did not build the apps assessed, I had no control over the content 

and functionality of the apps. Sixth, this thesis assessed the quality of the apps on the 

market. However, due to nature and the knowledge base around health apps, it was not 

possible to ascertain how many BCTs are sufficient or optimal for behaviour change. 

Hence, making a recommendation using firm cut-off points to distinguish good from bad 

apps was not possible. Lastly, little knowledge was generated around when the PA apps 

can be most effective, i.e., what specific user characteristics are matched to app 

intervention features and content to produce the optimal effect. 

7.4.5 Concluding remarks 

Physical inactivity contributes to as many deaths in the UK as smoking [49]. Advancing 

health technology and prevention are two of the three main priorities of the current Health 

and Social Care Secretary. This thesis aimed to investigate the potential of current 

publicly available apps to increase PA on the population level by assessing the quality 

of the apps on the market and evaluating the potential of the apps with inactive users. 

This was achieved through the use of a range of qualitative and quantitative methods. 

The quality framework assessing safety, effectiveness and user experience was 

developed and applied to a sample of highly raked PA apps. No relationship was found 

between popularity and likely efficacy suggesting that popularity does not assure high 

quality, and what is liked may not be what is likely to be effective. The evaluation of two 

highly ranked apps showed that the study is feasible and acceptable. The impact of the 

PA app interventions showed promising results with an impact observed for self-reported 

PA, intentions and exercise self-efficacy. There was a range of influences on PA 

behaviour identified including the possible use of apps as assisting in PA engagement. 

The conclusion of this thesis is that PA app interventions have their place in the wider 
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healthcare system, and the further research will focus on when, where and at what stage 

in the behavioural journey they should be introduced to increase the likelihood of 

realising their potential to support the user with sustainable behaviour change.  
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Appendix A: Apps used in the sample identification process (Study 1) 

a) Health and Fitness: TOP PAID N=100 (all) DATE: 17/10/16 time 1:32pm
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b) iTunes: Health and Fitness: TOP FREE N=100 (all) DATE: 19/10/16 time: 10:30 
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c) Google Play: Health and Fitness: TOP PAID N=100 DATE: 17/10/16 time 1:45pm 
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d) Google Play: Health and Fitness: TOP FREE N=100 DATE: 18/10/16 time 21: 56pm 
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Appendix B: Screenshot of the data extraction form (Study 1) 

 

Duplicate (availabe in both stores) Duplicate - SCC Duplicate

App’s Name Fitbit Strava Running and Cycling 

GPS

1 Rank 

2 Brief description tracker (mainly walking and running)

3 Type of PA targeted (e.g., running, walking, yoga, whole body) predominantly running  (accelerometer-based)

4 Platform on which the app is available (iTunes, GP, Both) Both Both

5 Developer’s name Fitbit, Inc Strava, Inc.

1 Cost -£                                                   -£                                                                     

2 Size (in megabites) 104 92.3

3 Last update 09/12/2016 09/01/2017

4 Version 2.3 5.10.0

5 Number of ratings 7871 10742

6 Weighted mean rating (weighted by nr of ratings in iTunes) 3.9 4.6

7 Store weight (proportion of total reviews from itunes) 4% 5%

1 Cost -£                                                   -£                                                                     

2 Size (in megabites) 22.35 21.41

3 Last update 15/12/2016 03/01/2017

4 Version 2.4 5.10.0

5 Number of ratings 207000 199596

6 Weighted mean rating (weighted by nr of ratings in GP) 4 4.5

7 Store weight (proportion of total reviews from GP) 96% 95%

1 Organisational Affiliation *1 Commercial Commercial 

2

Is there a reference to an expert being involved in the app 

development/evaluation (check app description/the app’s website, the app 

itself)? Indicate who or "No") *2

No No

3 Were potential users involved in the development of an app? No No

4

Are there any studies in peer-reviewed journals associated with the app? *3 (put 

the links to the studies in the sheet: peer-reviewed studies)

Yes Yes

5 What other apps have they created? How many of these health related (_/_) 0 0/0

1 Is there privacy information available? Only continue if answered ‘Yes’ Yes Yes

2

Is the privacy information available without the need to download the app? 

(check: app store via a link to the privacy policy or the app’s website)

Yes Yes

3 Is the privacy information available within the app? Yes Yes

4

Is there a short form notice (in plain English) highlighting key data practices 

which are disclosed in detail in the full privacy policy? (ONLY indicate N/A if the 

policy is already short) Yes Yes

5 Is the privacy policy available  in any other languages? No No

6 Does the app collect personally identifiable information? Yes Yes

7 Does the app share users’ data with 3rd party? Yes Yes

8

Does the app say how the users' data security is ensured? e.g. encryption, 

authentication, firewall system

No Yes

1 I think that I would like to use this app frequently Agree Disagree

2 I found the app unnecessarily complex. Disagree Strongly agree

3 I thought the app was easy to use. Neutral Disagree

4 I think that I would need the support of a technical person to be able to use this app. Disagree Neutral

5 I found the various functions in this app were well integrated. Neutral Neutral

6 I thought there was too much inconsistency in this app. Strongly disagree Neutral

7 I would imagine that most people would learn to use this app very quickly. Disagree Strongly disagree

8 I found the app very awkward to use. Disagree Neutral

9 I felt very confident using the app. Agree Disagree

10 I needed to learn a lot of things before I could get going with this app. Disagree Agree

1. Goals and planning

1.1. Goal setting (behavior) Present ++ Absent

1.2. Problem solving Absent Absent

1.3. Goal setting (outcome) Present ++ Absent

1.4. Action planning Absent Absent

1.5. Review behavior goal(s) Absent Absent

1.6. Discrepancy between current behavior and goal Absent Absent

1.7. Review outcome goal(s) Absent Absent

1.8. Behavioral contract Absent Absent

1.9 Commitment Absent Absent

2. Feedback and monitoring

2.1. Monitoring of behaviour by others without feedback Absent Absent

2.2. Feedback on behaviour Present ++ Present ++

2.3. Self-monitoring of behaviour Absent Present ++

2.4. Self-monitoring of outcome(s) of behaviour Present ++ Absent

2.5. Monitoring of outcome(s) of behavior without feedback Absent Absent

2.6. Biofeedback Absent Absent

2.7. Feedback on outcome(s) of behavior Present ++ Present ++

3. Social support

3.1. Social support (unspecified) Present ++ Present ++

3.2. Social support (practical) Absent Absent

3.3. Social support (emotional) Absent Absent

4. Shaping knowledge

4.1. Instruction on how to perform the behavior Absent Absent

4.2. Information about antecedents Absent Absent

4.3. Re-attribution Absent Absent

4.4. Behavioral experiments Absent Absent

5. Natural consequences

5.1. Information about health consequences Absent Absent

5.2. Salience of consequences Absent Absent

5.3. Information about social and environmental consequences Absent Absent

5.4. Monitoring of emotional consequences Absent Absent

5.5. Anticipated regret Absent Absent

5.6. Information about emotional consequences Absent Absent

DESCRIPTIVE DATA 

iTunes

Google Play

System Usability Scale

Development / Evaluation of the app 

Data safety and security (keep record of the link to the privacy policy to rationalise the answer to the questions)
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Appendix C: The manual for the extraction of data safety (Study 1) 

 

Manual for the data privacy and security assessment 
 

Purpose of this quality indicator is to assess whether there are privacy information 

available to the user (or potential user), how accessible the information is, and whether 

the statement covers basic information about data gathering.  

 

 

Rationale for inclusion of these questions included in the assessment: 

 

Information Commissioner’s Office (ICO), Online Trust Alliance (OTA), and the Global 

Privacy Enforcement Network (GPEN) recommendations:  

 Links must be included to privacy policies before, during and after downloading 

the app (GPEN)  

 Use plain English (ICO)   

 Use language appropriate to your audience (ICO)  

 Transparency about purpose is crucial. Developers should say which data you 

want, say why (ICO) 

 While the app may be in English, having the privacy policy and terms of use in 

other languages is highly recommended to maximize user's ability in 

comprehending the app’s data practices (OTA0. 

 A short form notice highlighting key data practices which are disclosed in detail 

in the full privacy policy (especially as users might access the statement on a 

small screen of their phone) should be considered (OTA)
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There are various types of documents that pertain to the security and privacy of the 

data. LOOK FOR:” Privacy policy,” “Terms of service” or “Legal”, etc.  
 

Pasted from the Extraction Form (do not complete this). 

 

Data privacy and security assessment  

 

  

Q1: 

Availability 

Is there privacy information available? (only continue if 

answered ‘Yes’) 

 Yes/No 

Q2: 

Availability 

Is the privacy information available without the need to 

download the app? (example: app store, via a link to the 

privacy policy or the app’s website) 

 Yes/No 

Q3: 

Availability 

Is the privacy information available within the app?  Yes/No 

Q4: 

Accessibility  

Is there a short form notice (in plain English) highlighting 

key data practices which are disclosed in detail in the full 

privacy policy? (ONLY indicate NA if the policy is 

already short (see example below) 

 Yes/No/NA 

Q5: 

Accessibility 

Is the privacy policy available in any other languages? Yes/No  

Q6: Data 

gathering  

Does the app collect personally identifiable information?  Yes/No/NS 

Q7: Data 

sharing  

Does the app share users’ data with 3rd party? Yes/No/NS 

Q8: Data 

security 

Does the app say how the users' data security is 

ensured? e.g. encryption, authentication, firewall system 

Yes/No 

 

 

The questions pertain to:  

 

Q1: Availability 

Q2: Availability 

Q3: Availability 

Q4: Accessibility  

Q5: Accessibility 

Q6: Data gathering  

Q7: Data sharing  

Q8: Data security 
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Instructions on how to complete the table in the Extraction Form  

 

 

Q1  Availability Indicate  Where to find this out?  What to look for? 

Is there privacy 
information available 
for the user (or 
potential user)? 

YES/NO  app description in 
app store 

 via a link to the 
privacy policy 

 the app’s website 
(if exists) 

 in the app itself  
 

the words” 
Privacy policy,” 
“Terms of 
service” or 
“Legal.” 

NOTE: Only if answered “YES” to the Q1 proceed to the assessment below  

 

 

Please download or copy the privacy statement if possible or copy the link to it as we 

might need to assess it. Note that it is up to you where you record it. It might be needed 

when we compare results.  

 

 

 Location: Is the privacy information 
available in: 

Indicate  Notes  

Q2 Is the privacy information available in app 
store, via a link to the privacy policy or the 
app’s website? 

YES/NO Q2 from Q3 needs 
to be 
distinguished as 
having the policy 
only within the 
app is not the best 
practice 

Q3 Is the privacy information available within 
the app? 

YES/NO 

Q4 
 

Is there a short form notice (in plain 
English) highlighting key data practices 
which are disclosed in detail in the full 
privacy policy? (ONLY indicate N/A if the 
policy is already short) 

YES/NO/NA Best practice  

Q5 
 

Is the privacy policy and terms of use 
available in any other languages? 

YES/NO  

Q6 Does the app collect personally identifiable 
information? 

YES/NO/NS  

Q7 Does the app share users’ data with 3rd 
party? 

YES/NO/NS  

Q8 Does the app say how the users' data 
security is ensured? e.g. encryption, 
authentication, firewall system 

YES/NO  



 
 
   

421 
 

Notes about extraction of specific questions 

 

Regarding Q6: Does the app collect personally identifiable information? 

Personal information’ means any details about a living individual that can be used on 

its own, or with other data, to identify the user. 

 

Personally identifiable information (PII) can also be called sensitive personal 

information (this is a subset of PII). In the documents we will review it can also say just 

“personal information” or “sensitive information”. 

 

 

Regarding Q4: Is there a short form notice (in plain English) highlighting key data 

practices which are disclosed in detail in the full privacy policy? 

 

Q4 Is there a short form notice (in plain English) highlighting key 

data practices which are disclosed in detail in the full privacy 

policy? (ONLY indicate NS if the policy is already short (see 

example below) 

 Yes/No/NA 

 

SOME EXAMPLES to aid the extraction  

1) Very vague statement  

Below is an example of a very vague privacy policy. It is not really transparent, not 

concrete. ICO says:  

“Transparency about purpose is crucial. Don't just say which data you want, say why.” 

 In this case you would answer ‘NA’ to question 4 as the statement is short. However, 

please note that the policy actually doesn’t say anything, i.e., does not address what it 

does with the personal information, does it share it with anyone, how it protects it, etc.  

Therefore, the answer to other questions in the assessment might be ‘NA’ as well. It is 

not enough that the study mentions data. It happens that a developer can create a 

generic policy online (there are companies that do so) but you can see that this one is 

very vague.  
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2) Although the statement below is short, it is informative as they do not collect any 

identifiable information – therefore answer ‘NA’ to Q4 would be appropriate  

 
  



 
 
   

423 
 

Appendix D: SUS descriptive record for both reviewers (Study 1) 

 

a) Reviewer 1 (PB): SUS descriptive record  

App's name  Overall usability of the app Issues  

Strava 
Running and 
Cycling GPS 

a lot of options. Two sets of 
settings make it confusing, hard 
to find features - like history of 
the PA. Not easy to learn and 
memorise. Navigation difficult - 
Hard to get back to some of the 
features I accessed before. 
Good quality graphics 

Errors: unable to see summary 
of activity as it says that there 
is an error - my data may have 
been deleted on Strava server. 
Cannot set goal in the free 
version (says no goal set which 
is discouraging. 

Pacer – 
Pedometer 
plus Weight 
Loss and BMI 
Tracker (called 
Pedometer & 
Weight Loss 
Coach in GP) 

 A lot of features and it seems a 
bit hard to get back to certain 
options- not easy to memorise 
when the features are. Menu bar 
is not always available. Takes a 
while to learn and memorise but 
great features (although quite a 
large variety) High quality 
graphic, pleasant to use. Great 
visualisation of the data. 
Moderately efficient.  

commercials pop up straight 
away. Complex but worth it.  

Map My Run – 
GPS Running 
& Workout 
Tracker  

The app has a lot of functions 
but is well organised. Navigation 
is easy after some exploration. 
Good menu. Quite memorable 
and learnable. Also, quite 
efficient although it take a while 
to log the exercise.  

commercials get in a way a bit  

Adidas train & 
run 

takes a while to get used to as 
there are many features. Not 
quite sure what the different 
colour coding means for the goal 
It would have been helpful if 
there was a tutorial at the 
beginning. Otherwise quite 
pleasant to use, some good 
features. High quality graphics, 
good menu. 

it is not clear when they want 
the user to get a sensor device. 
Confusing a bit if the app is 
enough to use all the features. 
It is not  

Steps 
Pedometer & 
Step Counter 
Activity Tracker 

Good tutorial at the beginning. 
Simple but pleasant and quality 
design. efficient, memorable, 
learnable. No errors. 

no tailoring, at least the goal 
could be tailored  

Home workout 
MMA Spartan 
Free 

Easy to navigate, straight 
forward, good menu facilitates 
navigation. Easy to learn, 
memorable and efficient. Not 
many commercials in the free 
version - advantage 

Crushed when tried to do the 
workout. Quite uninteresting 
graphics, basic. Blatantly uses 
stereotype of an overly 
masculine man. 
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Stepz – 
Pedometer & 
Step Counter 
for Tracking 
Steps 

Great menu bar on the bottom 
that stays there means user can 
navigate easily and efficiently. 
Easy to use, great beautiful 
design, efficient, memorable. No 
errors. Seems to be very little 
commercials, very subtle way to 
give the option to upgrade. 

 

Interval Timer 
– Timing for 
HIIT Training 
and Workouts 

high quality graphics. Easy to 
use, learn and memorise.  

would be better is the social 
media sharing would include 
what has been done in terms of 
the exercise  

Sworkit – 
Custom 
Workouts for 
Exercise & 
Fitness 

easy to use, high quality design, 
good menu bar, efficient, 
memorable. Takes just a bit of 
time to learn as there are a lot of 
workouts to choose from. No 
errors.  

 

Fitness & 
Bodybuilding 

It is easy to navigate and to learn 
to use the app. Memorable and 
quite efficient. Would be better if 
the app could record the work 
put automatically. It would have 
been more efficient. No errors. 
Standard graphics (high quality) 
quite boring white screen 
graphics.  

Slightly difficult to record the 
exercise: the screen flickers 
when trying to put the weights 
in. commercials popping up 
slightly annoying but not too 
much in comparison to other 
apps.  

30 Day Ab 
Challenge 
FREE 

Simple app. Basic graphics. I 
was confused about how to start 
a challenge and how to log the 
exercise. There was no 
indication and it was not intuitive. 
Too me about 5-7 minutes to find 
out how to do this. Once learnt 
that, the app is memorable and 
efficient.  

 Commercials get a bit in the 
way.  

Runtastic 
Results: Body 
Workout 
Fitness Trainer 

easy to use, high quality design 
although needs to DOWNLOAD 
the videos, good menu bar, 
efficient, memorable. No errors.  

 

C25K® - 5K 
Running 
Trainer 

take a bit to learn (not too much) 
because the buttons are not very 
intuitive. Pleasant to use (great 
graphics). user can accomplish 
tasks quite efficiently once learnt 
the buttons. Quite easy to 
remember. 

commercial get slightly in the 
way of the training  

Health Mate – 
Steps tracker & 
Life coach by 
Withings 

Efficient, quite easy to learn 
once you learn to navigate the 
app. Needs a bit of exploration. 
Great menu bar on the bottom 
that stays there means user can 
navigate easily and efficiently. 
Quite Easy to use considering 

Not sure how to find - heart rate 
monitor through camera - it's 
advertised but does not chow 
how to. 
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that there are a lot of features, 
great beautiful design. No errors.  

Running, 
Walking and 
Biking with 
Endomondo 
(called 
Endomondo…i
n GP)  

The app has a lot of functions 
and it take a while to explore 
these. Navigation is easy after 
some exploration. Good menu. 
Moderately memorable and 
learnable. Also, quite efficient. 
Standard quality design.  

No errors. 

Map My Ride – 
GPS Cycling & 
Route Tracker 

The app has a lot of functions 
but is well organised. Navigation 
is easy after some exploration. 
Good menu. Quite memorable 
and learnable. Also, quite 
efficient although it takes a while 
to log the exercise.  

commercials get in a way a bit  

Interval Timer easy to use but only one function 
- a timer. Memorable, learnable, 
no errors but very basic. Good 
graphics  

Would be great if user could 
save the timers as to view the 
progress 

5K Run - 
Couch to 5K 

Quite boring graphics; app is 
memorable and easy to learn. 
Efficient.  

Commercials get in the way a 
bit; Quite basic, no tailoring at 
all for the user. 

7 Minutes 
Workout – 
Women 
Fitness 
Exercise 
Trainer 

very easy to use, high quality 
design, good menu bar, efficient, 
memorable.  

cannot set the weight 
measurement metrics - only in 
lbs. commercials get in the way 

Seconds – 
Interval Timer  

Takes a bit to learn to navigate 
considering that this is a timer. 
Takes a while to understand how 
to start the timer. Moderately 
memorable and learnable. Good 
options for workout timers in-
built. A lot of functions to learn in 
order to be efficient with the 
timer. Some of these functions 
seem unnecessary. The useful 
options of recording the time is 
not available in the free version.  

starts with the add to buy the 
full version. Many functions, 
setting weight, maximum 
volume of oxygen (VO2) but 
not sure what is the use of it.  

Running 
Distance 
Tracker + 

Easy to use app, memorable could be perceived as complex 
for some  
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Freeletics 
Bodyweight – 
Workout and 
Training 

Quite easy to use once you get 
through the features. When 
doing the exercise, it would be 
helpful to have the audio as 
cannot see any explanation, only 
the user would have to get back 
to the videos (and disrupt their 
workout). high quality design, 
(although have to DOWNLOAD 
the videos) good menu bar, 
efficient, memorable.  

Error: "cannot save training at 
the moment" 

Couch to 10K 
Running 
Trainer 

take a bit to learn (not too much) 
because the buttons are not very 
intuitive. Pleasant to use (great 
graphics). user can accomplish 
tasks quite efficiently once learnt 
the buttons. Quite easy to 
remember. 

commercial get slightly in the 
way of the training  

FitNotes - Gym 
Workout Log 

Takes time to understand the 
structure of the app. Takes a 
while to memorise and learn the 
app. Not so efficient, a bit 
confusing how to set up a 
workout set. 1RM is an 
advantage, not seen anywhere 
else. Graphics are basic, like a 
log - no visuals. 

cannot see the menu bar on 
the side, it's too far on the left.  

Belly Fat 
Exercises 

simple app, only information and 
photos. Graphics standard. Not 
easy to memorise, a lot of 
writing. Takes time to learn the 
app.  

a lot of written information; 
commercials pop quite a bit. 
Some corrections needed in 
the written material. 

Belly Fat 
Workout FREE 
– 10 Minute Ab 
Exercises 

simple app but not so easy to 
navigate at first as the menu is 
not easily available so 
sometimes get stuck (low 
efficiency). Otherwise 
memorable and learnable.  

hard to navigate, length of 
exercise not written (just small 
icons); below average graphics. 
Lots of commercials, also 
attempting to get users to buy 
the subscription 

Movesum – 
Step counter 
by Lifesum 

Good tutorial at the beginning. 
Simple but pleasant and quality 
design. efficient, memorable, 
learnable. No errors. 

 

Adrian James 
6 Pack Abs 
Workout 

Easy to use, very simple design, 
memorable and easily learnt. 
Good professional graphics 

The only annoying this is that 
there is a commercial as the 
starting page although the app 
is paid. 

Full Fitness: 
Exercise 
Workout 
Trainer 

Quite complex. Confusing when 
adding the exercise to the 
workout routine. Over-
complicated. This makes it less 
memorable and less learnable. 
Standard to high quality 
graphics. No errors. All in all, 

unable to create a workout as I 
am not sure how to add 
exercise. Too many different 
methods to add exercise and 
workout’s. Would be better if 
there was a timer to time the 
whole workout  
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very difficult to learn. Advantage: 
great categorisation of the 
exercises based on muscle 
group. 

Runtastic PRO 
Running and 
Workout 
Tracker 
(Runtastic 
PRO Running, 
Fitness in GP)  

Quite a lot of functions, menu 
bar full. Otherwise the app has 
great graphics (pleasant to use), 
is easy to navigate. High 
learnability, user can accomplish 
tasks quite efficiently. Quite easy 
to remember. No errors. 
Simplicity is a great advantage.  

a lot of functions of the menu 
bar.  

Adrian James 
High Intensity 
Interval 
Training  

Easy to use, very simple design, 
memorable and easily learnt. 
Good professional graphics 

The only annoying this is that 
there is a commercial as the 
starting page although the app 
is paid. 

Running for 
Weight Loss 
PRO: training 
plan, GPS, 
how-to-lose-
weight tips 

Quite a lot of information, 
especially written information. 
Otherwise the app has great 
graphics (pleasant to use), is 
easy to navigate. High 
learnability, user can accomplish 
tasks quite efficiently. Quite easy 
to remember. No errors 

adds popping and easy to click 
on them by mistake when using 
the app although the apps was 
not free.  

Fitness Trainer 
FULL version 

Good, simple design. Memorable 
and easy to learn. Good quality 
graphics. No errors.  

Would be better if there was a 
timer to time the whole workout  

Instant Fitness 
: 600+ 
exercises, 
100+ 
workouts… 

There are a lot of exercises but 
they are arranged quite well. 
Standard-low graphics, do not 
look highly pleasing. Easy to 
learn and memorise. Great menu 
bar on the bottom that stays 
there means user can navigate 
easily and efficiently.  

Errors: the app got stuck one 
an exercise while the timer was 
still running. Low quality photo 
when posted on twitter.  

Push ups 0 to 
100: push ups 
challenge 
trainer pro 

very easy to use, great beautiful 
design, good menu bar, efficient, 
memorable. No errors.  

heavy on promoting other apps 
of the same developer. Bit 
annoying  

Couch to 5K 
Runner, 0 to 
5K run training 

very easy to use, great beautiful 
design, good menu bar, efficient, 
memorable. No errors.  

heavy on promoting other apps 
of the same developer. Bit 
annoying  

iMuscle 2 – 
iPhone Edition 

Advantage: tips while using the 
app; also, a tour on how to use 
the app but not straight forward 
where it is as it is hidden in the 
settings. Great visualisation of 
the muscles! good graphics 
although black background is 
hard to look at for a long time. 
Quite complex but I feel it is 
learnable after a bit of time, also 

Difficult moving around, the 
buttons are quite small and do 
not work sometimes cannot 
read the description if the 
workout is being done, no 
explanation of different types of 
exercises. At the beginning a 
bit confusing about how to start 
or add workouts. Also, cannot 
find work out without the 
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efficient one the user gets used 
to it. 

equipment, just exercises. 
Menu a bit awkward to use.  

10K Running 
Trainer Pro 

take a bit to learn (not too much) 
because the buttons are not very 
intuitive. Pleasant to use (great 
graphics). user can accomplish 
tasks quite efficiently once learnt 
the buttons. Quite easy to 
remember. No errors 

not intuitive menu. A bit hard to 
navigate at first. Buttons not too 
intuitive  

Police Fitness 
– Bleep Test  

easy to use, learnable, 
memorable, very basic.  

could not download the second 
test. Very basic, could have 
some trainings in there to 
increase the results.  

Marathon 
Trainer - 26.2 
42K 

take a bit to learn (not too much) 
because the buttons are not very 
intuitive. Pleasant to use (great 
graphics). user can accomplish 
tasks quite efficiently once learnt 
the buttons. Quite easy to 
remembe. No errors 

not intuitive menu. A bit hard to 
navigate at first. Buttons not too 
intuitive  

MapMyFitness
+ Workout 
Trainer 

a lot of features but these are 
well integrated. Not so easy to 
memorise as there are a lot of 
options but easy to learn and 
efficient. Good quality graphics.  

 as you open the app when 
signing up there was no option 
to put my year in 1983 and I 
had to tap it so many times to 
get to 1983 

5K to 10K Easy to navigate. Great menu 
bar at the bottom means that I 
can access the main functions 
easily. Quite easily learnable and 
memorable although a lot of 
information. No errors; pleasant 
and professional graphics. 

feels there is a lot of 
information at times but the pop 
up instructions of features help 

7 Minute 
Workout Pro 

Basic design, not very consistent 
graphics (high quality photos 
with primitive robot-like audio 
and basic graphics) and 
confusing forum. Simple to use 
afterwards when I get used to it. 
Quite memorable. 

inconsistency in graphics, 
demonstration of behaviour - 
sends the user to you tube, a 
bit annoying. 

10K Pacer: 
Run pace 
training. Run 
faster 

very easy to use, great beautiful 
design, good menu bar, efficient, 
memorable. No errors.  

heavy on promoting other apps 
of the same developer. Bit 
annoying  

Starting 
Strength 
Official 

Quite a lot of information, 
especially written information. 
Otherwise the app has great 
graphics (pleasant to use), is 
easy to navigate. High 

A lot of written information  
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learnability, user can accomplish 
tasks quite efficiently. Quite easy 
to remember. No errors 

Thor Fitness: 
60 Day 
Bodyweight 
Workout 
Routine  

Simple app, easy to learn, 
efficient. Memorable. Graphics 
not very high quality but basic 
and easy.  

What is missing is the ability to 
look at the exercise 
beforehand, to know what to 
expect. error when posting on 
face book. When posting on 
twitter it says (null) Only option 
to have the phone in horizontal 
way 

Half Marathon 
Trainer 13.1 
21K 

take a bit to learn (not too much) 
because the buttons are not very 
intuitive. Pleasant to use (great 
graphics). user can accomplish 
tasks quite efficiently once learnt 
the buttons. Quite easy to 
remember. No errors 

not intuitive menu. A bit hard to 
navigate at first. Buttons not too 
intuitive  

PDC Pole 
Dance 
Syllabus 

quite easy to use but a bit 
primitive. Learnable, efficient, 
memorable. No errors. Basic 
graphics  

 

MMA Spartan 
Workouts Pro 

Easy to navigate, straight 
forward, good menu facilitates 
navigation. Easy to learn, 
memorable and efficient.  

Quite uninteresting graphics, 
basic. Blatantly uses 
stereotype of a overly 
masculine man. 

Get Running 
(Coach to 5K) 

Simplicity is a great advantage. 
Really great but simple graphics. 
Great visualisation of the plan of 
9 weeks of running. High 
efficiency although 1 section 
(Talk) not intuitive and not 
explained. Otherwise, app highly 
memorable and pleasant to use. 
No errors overall but the app 
lacks consistency of design 

Some sections are not 
explained - e.g., status updates 
on social media  

WalkJogRun 
GPS Running 
Routes 

The app takes a while to 
navigate around it. There is very 
little guidance on the various 
features. It takes a while to get 
used to it. The design is quite 
poor and the app is not very 
pleasant to use.  

Crushed twice: when tried to 
create a route; when turned on 
settings. Also, unable to scroll 
down and tap on the bottom 
lines as the menu covers it.  

Runtastic Road 
Bike PRO 

Simple to use. The side menu 
that pops from the side is not 
very good. I was not sure what is 
in each section - not easily 
memorable. Otherwise high-
quality design and intuitive. Can 
perform tasks quite quickly once 
you get used to the app.  

with signing up there was no 
option to type in the birth date 
so the user has to scroll 
through each month since 
2008! 
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Runtastic 
Mountain Bike 
PRO GPS 
Biking 
Computer, 
Trail and Route 
Tracker 

quite a simple app to use. Good 
menu bar on the botton, makes 
navigation easier. Good and 
high-quality design. Fairly 
pleasant to use. No errors. Can 
perform tasks quite quickly once 
you get used to the app.  

no issues  

Chloe Madeley 
15-minute fat 
loss workout 

Very simple app with a great 
demo of the exercise and great 
graphics. Very simple but no way 
to tailor the apps in any way or 
turn off the ticking timer (which is 
a bit annoying). Simplicity isa big 
plus. See below, major 
disadvantage. 

very difficult to memorise the 
exercise. When the timer starts 
there is no visual reminder of 
how the exercise look like.  

CARROT Fit – 
7 Minute 
Workout, Step 
Counter & 
Weight Tracker 

Very easy to learn, efficient, 
memorable. Great simple but 
high-quality design. 

I have some numbers (like 
unread emails) notifications as 
shown on the app logo but I 
cannot see what they were. 
Finally, I realised these were 
the steps taken today.  

 

b) Reviewer 2 (GA): SUS descriptive record 

 

App's name  Overall usability of the app Issues  

Strava Running and 
Cycling GPS 

The app is easy to use but the 
fact that almost everything 
needs a premium membership 
makes it a bit awkward. 

  

Pacer – Pedometer 
plus Weight Loss and 
BMI Tracker (called 
Pedometer & Weight 
Loss Coach in GP) 

The app has an an attractive 
interface but it recorded the 
steps even when it was the 
first time to open it without 
registering. It has a lot of 
functions, which might make it 
a bit confusing. The premium 
options are misleading. 

  

Map My Run – GPS 
Running & Workout 
Tracker  

Having ads in the app was 
unpleasant and distracting. 
The app seems to have lots of 
options for the same function 
which can be confusing. 

  

Adidas train & run The app has a nice interface 
with options to change the 
background but the graphs 
are confusing and not very 
clear. It is a bit confusing to 
move from the me screen to 
the training or running ones 
(i.e. what is the difference 
between them). 
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Steps Pedometer & 
Step Counter Activity 
Tracker 

A very simple interface. The 
app was working in the 
background, which can drain 
battery and there was no 
notification of that. The screen 
doesn’t show that if you slide 
up, you will find the history of 
your steps table. The app 
although simple but confusing 
and not very clear. 

  

Home workout MMA 
Spartan Free 

Simple and clear interface. 
Popup ads are distracting. 
Between the exercises-rest 
time- is confusing since it 
shows a message that it is 
time to rest but the 
background image shows 
someone exercising. 

  

Stepz – Pedometer & 
Step Counter for 
Tracking Steps 

Simple and clear interface. 
Some annoying ads in the 
bottom. 

  

Interval Timer – 
Timing for HIIT 
Training and 
Workouts 

Very simple interface with nice 
colours. The ad is below, it 
doesn't pop out so less 
distracting. There colours 
change during the different 
intervals. 

  

Sworki – Custom 
Workouts for Exercise 
& Fitness 

The app is deceiving in not 
showing that plans for 
exercise are not available for 
free until the user chooses the 
plan that fits him/her. The app 
interface us attractive and 
clear. It has more than one 
language but that does not 
include privacy policy. 

  

Fitness & 
Bodybuilding 

The app had apps in the 
bottom but were not 
distracting, however 
sometimes apps pop out as 
full screen. It required 
downloading videos, so that 
can be annoying if there is no 
internet. The workout plans 
videos do not work 
continuously, you need to 
press them. 

  

30 Day Ab Challenge 
FREE 

A very simple and clear app.    

Runtastic Results: 
Body Workout Fitness 
Trainer 

The app has an attractive and 
simple interface. it is easy to 
use but most of the important 
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functions needs to be paid for 
to access it. 

C25K® - 5K Running 
Trainer 

The app is very simple and 
has an attractive interface. 
However, the functions are 
limited.  

  

Health Mate – Steps 
tracker & Life coach 
by Withings 

The app has a very attractive 
interface and is easy to use. 

  

Running, Walking and 
Biking with 
Endomondo (called 
Endomondo…in GP)  

The app has an attractive 
interface and lots usable free 
content. The setting menu has 
lots of functions to allow users 
to control the content. 

  

Map My Ride – GPS 
Cycling & Route 
Tracker 

The interface is simple and 
attractive but the app seems 
to have lots of options for the 
same functions, which can be 
confusing. 

  

Interval Timer The app is very simple. Going 
from the timer screen to the 
main screen is not simple, and 
you need to start a new timer 
each time you use the app.  

  

5K Run - Couch to 5K Very simple and easy app but 
with not lots of options and 
doesn't measure steps or 
distance correctly. 

  

7 Minutes Workout – 
Women Fitness 
Exercise Trainer 

simple and easy app but ads 
at the bottom are distracting. 

  

Interval Timer  The app was just a screen 
with a timer. The screen 
colours were very bright and 
unattractive but the displayed 
numbers were very clear. 

  

Running Distance 
Tracker + 

Easy to use app with an 
attractive interface and 
interesting functions that work 
smoothly. 

  

Freeletics Bodyweight 
– Workout and 
Training 

Attractive interface and you 
start by tailoring the app to 
your needs and current PA 
state. You have to confirm 
sign up with an email, which 
can be annoying. The videos 
of the workout have a sign 
that indicate they can be 
downloaded but they don't 
download. The videos for the 
exercises can be downloaded. 
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Also, the timer is not clear for 
which type of exercise. 

Couch to 10K 
Running Trainer 

The app is very simple and 
has an attractive interface. 
However, pop up Ads are 
distracting. 

  

FitNotes - Gym 
Workout Log 

The app functions are not 
clear and it is not an intuitive 
app to use. 

  

Belly Fat Exercises The app has an unattractive 
interface with lots of text and 
stock pictures. 

  

Belly Fat Workout 
FREE – 10 Minute Ab 
Exercises 

It has video ads which are 
extremely annoying and 
distracting. The interface was 
not very attractive but the 
videos were clear. Most of the 
apps functions were locked. 
The app starts by saying a 
free a trial for 7 days or 
upgrade by paying money but 
in reality, some functions are 
free for more than 7 days. 

  

Movesum – Step 
counter by Lifesum 

The app has a very attractive 
interface and is simple to use. 

  

Adrian James 6 Pack 
Abs Workout 

The app has an attractive 
interface and is simple to 
use.It has many helpful 
functions. 

  

Full Fitness: Exercise 
Workout Trainer 

The app has an attractive 
interface albeit the colours are 
a little bit dull].It has many 
helpful functions and 
exercises. The user can 
customise exercises based on 
the target muscle. However, 
logging data in is required for 
lots of things which can make 
it tedious, but helpful to 
personalise it to users. 

  

Runtastic PRO 
Running and Workout 
Tracker (Runtastic 
PRO Running, 
Fitness in GP)  

The app has an attractive and 
simple interface. it is easy to 
use; some functions need 
more money to pay for. 

  

Adrian James High 
Intensity Interval 
Training  

The app is very simple to use 
and has an attractive 
interface. If a workout is 
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chosen, users will not be able 
to switch between exercises. 

Running for Weight 
Loss PRO: training 
plan, GPS, how-to-
lose-weight tips 

the app has a simple and very 
attractive interface.  

  

Fitness Trainer FULL 
version 

The app has many functions 
such as timer, stop watch, 
exercises, progress/tracker 
but they are not very well-
integrated, the user has to 
enter the information himself. 
The information button made 
using the app easier. 

  

Instant Fitness: 600+ 
exercises, 100+ 
workouts… 

The app is easy to use and 
has an attractive and simple 
interface. The function for 
sharing through social media 
was not working except in the 
calendar section. 

  

Push ups 0 to 100: 
push ups challenge 
trainer pro 

A very simple apps and 
extremely attractive interface. 

  

Couch to 5K Runner, 
0 to 5K run training 

A very simple apps and 
extremely attractive interface. 

  

iMuscle 2 – iPhone 
Edition 

The app was complicated and 
moving between the menu 
and the main screen was not 
very smooth. The app does 
have many, detailed functions. 

  

10K Running Trainer 
Pro 

The app is very simple and 
has an attractive interface.  

  

Police Fitness – 
Bleep Test  

The app is very simple but can 
be confusing for those not 
aware of the police physical 
assessment tests. 

  

Marathon Trainer - 
26.2 42K 

The app is very simple and 
has an attractive interface.  

  

MapMyFitness+ 
Workout Trainer 

The interface is simple and 
attractive but the app seems 
to have lots of options for the 
same functions, which can be 
confusing. 

  

5K to 10K The app is very simple and 
has an attractive interface.  

  

7 Minute Workout Pro the app is very simple and 
easy to use. It has an 
attractive interface. The 
videos for the app are from 
you tube, so it might make the 
app lag a little bit. 
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10K Pacer: Run pace 
training. Run faster 

The app is simple to use and 
has an attractive interface. 

  

Starting Strength 
Official 

The app is very complex 
especially the specific part 
about doing the exercise. It 
also contains the book with 
lots of text which can be 
annoying and time consuming. 
The videos are not attractive 
at all and the graph of 
progress is not clear. 

  

Thor Fitness: 60 Day 
Bodyweight Workout 
Routine 

the app start with a video 
(very loud), which can be 
annoying. The app stays on 
the flipped mode for screening 
and doesn't change which is 
extremely annoying. The 
home page does not work. 
The timing in the app is not 
working properly. The work 
out pause was not working. 

This app was not working 
properly at all. I might have 
missed some BCTs as 
every time I chose some 
workouts or programs, 
some won't work but those 
that did, were exceeding 
more than their time and 
not finishing at all, e.g a 
workout for 30 minutes did 
not finish even after more 
than an hour. 

Half Marathon Trainer 
13.1 21K 

The app is very simple and 
has an attractive interface.  

  

PDC Pole Dance 
Syllabus 

Simple app to view exercises 
but not many functions or 
instructions. The app is very 
huge, which is very 
inconvenient.  

  

MMA Spartan 
Workouts Pro 

Simple and clear interface. 
Between the exercises-rest 
time- is confusing since it 
shows a message that it is 
time to rest but the 
background image shows 
someone exercising. 

  

Get Running (Coach 
to 5K) 

the app is very simple to use, 
has large fonts and has a fun 
and unique interface. 

  

WalkJogRun GPS 
Running Routes 

The app is simple but it can be 
confusing where to start 
running and tracking. It shows 
an image that sensors via 
Bluetooth will not be available 
except in the new version 
because the older one was 
crashing. 

  

Runtastic Road Bike 
PRO 

The app is very simple to use 
and has an attractive 
interface. 
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Runtastic Mountain 
Bike PRO GPS Biking 
Computer, Trail and 
Route Tracker 

The app is very simple to use 
and has an attractive 
interface. It contains lots of 
easy function but it allows lots 
of apps, sesnors and others to 
connect to which can be 
confusing to users. 

  

Chloe Madeley 15-
minute fat loss 
workout 

The app is very easy to use 
and has an attractive 
interface. There is not lots of 
functions but its simplicity in 
use and design makes it 
usable and attractive. 

  

CARROT Fit – 7 
Minute Workout, Step 
Counter & Weight 
Tracker 

The app is simple to use and 
has a good interface. The 
voice of the coach was 
annoying and unpleasant. 

*I really disliked this app, it 
was not funny, it was 
annoying and degrading. 

Chloe Madeley 
Weights 4 Women 

very simple app and simple to 
use. Main menu bar always 
visible. Easy to navigate and 
easy to learn and memorise. 
Pleasant, high quality design  

 

One You Couch to 5K quite easy to use. Just a bit 
confusing with choosing the 
active days but. Would be 
better on a calendar. 
Navigation is good. No button 
to go to main menu directly 
but shows a button to choose 
an option at any time  

 

Runtastic Running & 
Fitness 

It's a complex app with some 
great functions. Not so easy to 
learn. Sometimes found it 
hard to get to certain 
functions. Lots of different 
buttons. Overall, pleasant to 
use. No errors.  

 

Couch to 5K® - 
Running App and 
Training Coach 

Easy to navigate. Good menu 
bar at the bottom means that I 
can access the main functions 
easily. Quite easily learnable 
and memorable although a lot 
of information. No errors; 
pleasant and professional 
graphics. 

 

Fitbit Great menu button at the 
bottom, enables easy 
navigation between different 
features of the app. Quite 
complex, takes a while to get 
learn the app. Easy to forget 
the setup. No errors. 
Professional and pleasant 
design.  
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Yoga Break easy to use. Pleasant, quite 
simple design. Easy to learn 
and memorise. No errors 
although some descriptions of 
postures are not available.  

 

7 Minute Workout  Basic design, not very 
consistent graphics (high 
quality photos with primitive 
robot-like audio and basic 
graphics) and confusing 
forum. Plus: simple to use 
once you get past the ads.  

 

7 Minute Workout 
Challenge by Fitness 
Guide Inc 

very easy to use, intuitive  
 

Footsteps – 
Pedometer 

a bit confusing at some points, 
complicated with all the 
different measures. Not sure 
how to start a run or walk (a 
session) 

 

Daily Workouts FREE Not sure what some buttons 
do - there are 2 buttons that 
are not self-explanatory. 
Graphics are not great but this 
is minor. Overall, easy app to 
use  
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Appendix E: The BCT extraction Manual (Study 1) 

 

 

BCT Extraction Manual (V6) for physical activity 
apps 

 

 

This Manual is based on: 

 initial notes on the extraction of BCTs  

 testing the extraction of the BCTs between two reviewers on 5 apps (piloting) 

 the BCTs online training  

 the specific advice of a BCT expert (Lou Atkins) 
 

Why the Manual?  

I realised it was important to have such a Manual as learning principle 2 (below) could 

not be directly applied to the extraction of BCTs from app as it is sometimes necessary 

that features of apps need to be ‘translated’ into BCTs. The Manual attempts to make it 

clearer when the BCT is present and when it is not present. 

 

Level of confidence 

The level of confidence will be selected regarding the identification whereby: 

 + BCT present in all probability 

 ++ BCT present beyond all reasonable doubt 

Please, do not think of it as - if you are not sure then put “+”. It’s purely about the 

strength of the evidence that the BCT is there.  

 

The example below illustrated the “+”. It is an example from your data extraction. I think 

it’s a great example as you were not sure as well whether one of the BCTs is present. It 

was the 6.2 Social Comparison BCT in One You in Success Stories section.  
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This would be a weaker evidence "+" than being a part of a group where daily physical 

activities are compared and ranked. You can see this in the example below (source: 

Fitbit) “++”. It’s more explicit that members of the group compare themselves as their 

results are presented. I also confirmed that with Lou Atkins.  

 

 
 

How to record if an app has 2 features corresponding to 1 BCT  

If an app has, for example, a stopwatch to time exercise duration, that would be an 

example of self-monitoring of the behaviour. The app also might recommend users to 

keep a diary of when they exercise, also self-monitoring the behaviour but delivered in 

a different way. You would say the technique was used but delivered in two different 

ways. 

 

Please note this in the extraction in the evidence for presence of BCTs, For example: 

 

App's  

Features 

PRESENCE of BCTs  Evidence  

Timer 

Diary (free text) 

2.3 Self-monitoring of 

behaviour 

1) stopwatch; 2) 

diary 

 

What to do if the feature does not work?  

 

If there seems to be a feature of but it does not work – put it in the feature’s list and add 

- DOES NOT WORK. The example was the Prompts in the Results app. 
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Notes of BCTs online training  

 

The 4 Learning Principles (from the online training): 

1. Only code BCTs that are directly applied to the target behaviour (s) and 
population(s). DO NOT code a BCT unless the text explicitly links it to both (1) 
the named target behaviour(s) and (2) the named population(s). 

2. Do not infer the presence of a BCT. The description must correspond to the 
definition of the BCT given in the taxonomy. If you are unsure, DO NOT code 
the BCT as present (NOTE: this principle might not apply to app extraction 
strictly. It may be less clear when extracting data from the apps than to extract 
the BCTs from the written material).  

3. Take care distinguishing between BCTs that only differ in terms of their 
behaviour change type (i.e. behaviour vs. outcome). 

4. Code technical terms and packages of BCTs that map onto BCTs in the 
taxonomy 

 

In relation to the Principle 1 code the physical activity (PA) apps only in relation to the 

target behaviour - PA:  

In the PA app assessment if the app is asking the user to record their calorie intake 

then this will not be a BCT to extract as it does not directly relate to the target 

behaviour, i.e., PA. 

 

9.1 Credible Source  

 

 
 

Example of BCT 9.1 from the online training: “A health professional emphasized the 

importance of physical activity and healthy eating”  

 

How does this relate to the PA app assessment? 

From Lou Atkins (I have asked her for clarification on how to distinguish the 

presence/absence of this BCT. The below instruction help to clarify the decision on the 

BCT 9.1 Credible Source). 

 

“It depends how the information is presented in the app. For example, just putting links 
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to studies is not enough to interpret as credible source. However, if in the app it said 

something like “the recommendations in this app are based on the scientific literature 

which advises, e.g. exercising 7 minutes a day is good for you! Click here to find out 

more about the evidence for exercising for 7 minutes”, then it would be interpreted as 

credible source.” (Lou Atkins) 

 

Note that the information can be written as well (not only ‘verbal or visual 

communication’ as in the definition of this BCT). 

 

Further examples of clarification between the presence/absence of 9.1 – Credible 

Source: 

9.1 - Credible Source   App developed by NSCA-Certified 

Personal Trainer® (NSCA-CPT®)  

7 Minute 

Workout 

Challenge 

NOT Credible Source  Merely giving links to peer-reviewed 

studies, e.g., Diabetic association 

and American College of Sports 

Medicine 

Quick Fit - 7 

 

5.1 Information about health consequences in app assessment  

 

 
 

It includes both POSITIVE (BENEFITS) AND NEGATIVE (CONSEQUENCES) 

 

Example of BCT 5.1 from the training: “A successful sport personality emphasizes the 

health benefits of jogging to participants” (Note that 9.1 Credible Source is also present 

in this example) 

We discussed this before and we thought that when health consequences are positive 

(i.e., benefits) then we will not include these as a BCT. However, it turns out that we 

need to. 

However, emphasizing the important of doing exercise is not enough for the BCT to be 

present, example from the training:  

“The importance of drinking water was emphasized to participants” - “emphasizing the 

importance” is not enough for the BCT to be present but “emphasizing the health 

benefits” is. 
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1.1 Goal setting (behaviour) 

 

 
 

1.4 Action Planning 

 
 

We had some inconsistencies in trying to distinguish between the BCTs 1.1 Goal 

setting (behaviour) and 1.4 Action Planning. 

Below is an example of 1.1 Goal setting ONLY:  

“Participants agreed to reduce fat content in their diet”. Justification: Participants 

agreed to a goal defined in terms of the target behaviour”  

 1.1 Goal setting is less specific than 1.4 Action Planning. For 1.4 Action Planning, 

there needs to be specified at least one of these: 

 context 

 frequency 

 duration  

 intensity 
 

Below is an example of both, 1.1 Goal setting (behaviour) and 1.4 Action Planning. 

Example of BCTs 1.1 and 1.4 from the training: 

 “Participants agreed to take a ten minute walk every time that they felt anxious or 

stressed.” – Justification: both 1.1 goal setting (behaviour) and 1.4 Action planning – 

because goal is being set (1.1) and a detailed plan is being agreed “if-then” plan. 

 

A couple more examples of both, 1.1 Goal setting (behaviour) and 1.4 Action Planning: 

 

“The goal was set at 4,000 steps per day, which is equivalent to a half hour walk at a 

pace of 15 min/mile”. Justification: The goal is being set (1.1) in relation to the target 

behaviour. Detailed planning is specified which includes how often (frequency) and 

how long the participant should walk for (duration), and the speed of walking (the 

intensity). Hence, Action Planning (4.1) also coded. 
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“Medical students agreed to wash their hands correctly after touching each patient.” 

Justification: The students are agreeing to a goal (1.1) in terms of the target behaviour 

(i.e., hand washing). Action planning is also coded as the goal includes context (i.e., 

touching the patients) and “if-then plan” – “If I touch the patient, then I will wash my 

hands”.
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How does this relate to the PA app assessment? 

 

Example of the presence of 1.1 BCT – Goal Setting (but not 1.4 

Action Planning) 

 

App types: 7 minute workouts  

Example below from: 7 Minute Workout Challenge  

 

 
The PA in these apps consists of a 7 minute routine (12 exercises with 10 sec break in-

between). The description says to do at least 1 set. 

The rationale for the presence of the 1.1 BCT in the above app. It is consistent with the 

definition from the taxonomy: set or agree on a goal defined in terms of the behaviour 

to be achieved. The behaviour to be achieved is defined: 12 exercises (agreed with 

Lou Atkins). 

However, this app DOES NOT have 1.4 Action Planning BCT in it.   
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Further examples of the presence of both 1.1 BCT – Goal 

Setting AND 1.4 Action Planning  

App types: 0 to 5k 

Example from: Coach to 5K 

 
 

This app sets a goal for training 30 minutes/3 times a week for 9 weeks. By the end of 

the 9th week the user will be able to run for 30 min without stopping.  

The BCT: 1.1 Goal setting is present here but also 1.4 Action Planning, i.e., the 

duration, frequency is set. 

The rationale is that the presence of the 1.4 BCT in the Couch to 5K: Apps type, like 

Couch to 5K plans for the user to do the exercise three times a week. It also schedules 

the duration of the run and walk at each session until week 9 (the action planning 

needs to be finite) in which the user is to run 30 min without stopping. I think this is 

action planning. The app plans it for you and this is really the essence of this app.   
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Feedback on behaviour and 2.7 Feedback on outcome(s) of 

behaviour VERSUS (2.3. Self-monitoring of behaviour OR 2.4. 

Self-monitoring of outcome(s) of behaviour) 

 

 

 

 
 

Example of BCT 2.2 from the training: “Students were observed washing their hands 

and afterwards the instructor discussed their technique”. Justification: The instructor is 

“monitoring” the students’ hand washing behaviour and is giving them evaluative 

feedback on their technique. 

 

How does this relate to the PA app assessment? 

When the monitoring is done automatically, e.g., using pedometer or recording 

exercise routine based on the automatic monitoring system (like in the example of 7 

Minute Workout Challenge) then a feedback is given in a form of information (may or 

may not include a graph) or evaluation then the BCT 2.2 Feedback on behaviour is 

present.  

 

What to do when the feedback is very limited?  

 For example, it is only one very simple feedback, like a tix box that the exercise 

session was done, then indicate: “+”. Example of this is given below (source: One You 

Couch to 5k )
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Second example of Feedback on behaviour – “+” (when the feedback is limited), GA 

example: 

 

When the app says (in Challenge-focused apps) - your progress is 30%. It doesn't say 

for example how many sets of exercise or time spent on it. 

 

If the user must record the information manually then it is BCT 2.3 Self-monitoring of 

behaviour (PA) or 2.4 Self-monitoring of outcomes of behaviour (weight etc). In this 

case, a graph itself from the user-inputted information will be a 2.7 Feedback on 

outcomes of behaviour (for example, a graph of weight loss generated by user-inputted 

weight over time) but the level of confidence will be “+”. Example below:  

 

7 Minute 
workout 
challenge 

2.7  Feedback on 
outcome(s) of 
behaviour 

+ Graph - 
Weight log 
(inputted by 
the user) 

 

Note that when the user inputs weight and height by themselves but the app counts the 

BMI then the BMI is 2.7 Feedback on outcomes of behaviour.  

 

Timer-type apps are 2.2 Feedback on behaviour (Monitor and provide informative or 

evaluative feedback on performance of the behaviour (e.g. form, frequency, duration, 

intensity) – as per Lou’s email



 
 
   

448 
 

 
 

 

3.1 Social Support (unspecified) versus 6.2 Social Comparison  
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How does this relate to the PA app assessment? 

 

Below are two examples of 6.2 – Social Comparison (source: S Health): 

1)  

 

 
In the second example, the user subscribes to a challenge of up to 10 people and their 

results are compared (source: Fitbit)  

2) 

 

 
 

With 6.2 – Social Comparison there needs to an informed ability to see and compare 

the PA sessions with your friends’ and colleagues or some kind of pre-defined group. 

Merely posting the users’ training results on social media is not enough. There needs 

to be an element of comparison. 

 

Example of Social Support 3.1 would be a forum for users to share experiences etc. 

(as per Lou’s email)
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The table below shows examples of some BCTs from Conroy’s study (attached in the 
email before, please let me know if I should re-send it). 
 
 

Incentives vs rewards, social support (in red is the BCTs that 

Lou did not agree with). Please adhere to what Lou said. 

 

Incentives & 
Rewards 
(see the text 
below the 
table for an 
example from 
S Health) 

 
BCT 

 
Examples from 
Conroy’s study 
 

 
Notes  

10.1 Material 

incentive 

(behaviour)  

Informs user that the 

premium version of the 

app would be free if 

user completes all 

sessions and refers 

friends.  

It’s about informing that 
something will happen if…, 
about saving money  
 
Ghadah, you indicated this 
BCT in the 7 minute workout 
challenge and I agree with 
you although before we got 
rid of it. I put it back in. 

10.2 Material 

reward 

(behaviour) 

Upgrade to premium 

version of the app 

(includes additional 

features) for free by 

completing all sessions 

and referring friends.  

 

10.6 Non-

specific 

incentive  

Informing a user that 
more badges could be 
earned if the user 
completes a more 

advanced workout.  

It’s about informing that 
something will happen if the 
behaviour occurs, e.g., 
badges, medals, etc. If it is 
not told in advance then code 
as 10.3 

10.3 Non-

specific reward 

Earn badges for each 

goal achieved. 

 

getting badges, medals, 
points but only if the user was 
not informed about provision 
of a reward. Otherwise code 
as 10.6 

Lou Atkins’ clarification of the difference 
between 10.6 and 10.3: a reward is something 
given when there has been effort towards 
performing the behaviour, it would be coded as 
incentive if the person is informed that there will 
be a reward if they make progress towards 
performing the behaviour. 
 
PLEASE MAKE SURE TO RUN AN EXERCISE 
SO WE CAN FIND OUT IF THERE IS A 
REWARD GIVEN AFTER COMPLETION OF AN 
EXERCISE 

10.4 Social 
reward 

Get verbal 
encouragement from 
the audio coach after 
completing a workout 

Needs to be AUDIO, i.e., 
voice. Example: in 7 minute 
workout challenge the audio 
coach says: “workout 
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complete. Congratulations” 
(verified with Lou Atkins who 
agreed) 

 10.5. Social 
incentive 

Get verbal 
encouragement from 
the audio coach to 
motivate them. 

As above – it needs to be 
AUDIO. , i.e., voice. Example: 
“You can do it!” in One You 
running app 

Social 
support  

3.1 Social 
support 
(unspecified) 

An option to share your 
progress and personal 
records with friends via 
Facebook, Twitter, or 
email; or within the app 
community  

Note: The app needs to share 
the PA session recorded by 
that app. If it just says 
something like: I have just 
completed a workout using 
this app” then we treat this as 
an advertisement, not as BCT 
3.1 
 
Posts like: 
"I've just finished run for 48 
min" 
 “this is day 1 of the 100 day 
challenge I am doing” 
 
are examples of Social 
Support (unspecified) ++ 
Rationale in notebook 6/1/17 

3.2 Social 
support 
(practical) 
 
 
 
 
 

Provide online coach to 
help the user complete 
each training.  
 
NOT AGREED (Lou 
Atkins) – this is 
Instruction on how to 
perform behaviour  

 

 

 

3.1 Social support (unspecified) – the case of user-generated 

forums  

2. FORUM - For a user-generated forum where any topics can be discussed - indicate 

3.1 Social support (unspecified)  

 

I came across a forum – very basic with user- generated content. The content was 

various: different advice, some emotional support, practical support and other. I was 

really unsure what to put in there, especially that it seemed that the developers had 

little over what is in the forum. I decided to ascribe the forum BCT (the most general 

BCT) - Social support (unspecified). This is because of the Principle 3 (can be found 

below) of the online BCT training which you have done as well, you mentioned. This is 

from the Manual. Please, could you read it to remind yourself about it. 

 

3.2 Social support (practical) 

If the app helps to sign up for REAL LIFE events – then it is social support (practical) 

 

6.3 Information about others’ approval  

Liking the entry about the exercise session on the friend's feed (heart, like, clap). ++ 
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7.1 Prompts/Cues 

Notifications does not mean that they are reminders – they are reminders if they remind 

about the behaviour to be completed. Please list the feature as NOTIFICATIONS and 

write what the notifications do if known. If they are reminders as well than write 

Reminders – in the sub-feature (plus the BCT). 

 

Demonstration of the behaviour' 

One photo does not constitute - 6.1 Demonstration of behaviour. It needs to be at least 

changing image to demonstrate how to perform a behaviour. If there is a photo and text 

then it is 4.1 Instruction of how to perform a behaviour. Example of 4.1 and NOT 6.1 

below (source: Belly Fat Exercises):  

 

 
 

Difference between an INCENTIVE and a REWARD 

 

If there is NO sections on rewards, achievements, medals, etc., and then the reward 

was provided then code it as a REWARD 

 

If there is a sections on rewards, achievements, medals, etc., then code it as an 

INCENTIVE. Please make sure that you explore the whole app to see if there is a 

section on rewards, achievements, medals, etc., 

 

Please remember: if money is involved then consider MATERIAL INCENTIVE (see the 

table above
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Below is an example of an INCENITVE as there is a section that informs you about 

provision of rewards. 

 

 

Some notes on the Principle 3  

 

1. Take care distinguishing between BCTs that only differ in terms of their 
behaviour change type (i.e. behaviour vs. outcome). 

 

‘Goal setting (behaviour)’ 1.3 ‘Goal setting (outcome)’ 

 

Example from the training: “To reduce participant’s alcohol consumption, goal setting 

was prompted” 

 

The BCT type (behaviour vs. outcome) is unspecified in the example above. In this 

context, coders are instructed to code this BCT as 1.3 Goal setting (outcome) type. 

This is because if one were evaluating BCT effectiveness the outcome version is less 

likely to over-estimate BCT effectiveness. 

 

The same rule applies to the following 6 groupings of BCTs in the training taxonomy 

that include behaviour and outcome types: 

 

 BCTs: 'Feedback on behaviour' and 'Feedback on outcome(s) of behaviour'  

 BCTs: 'Self-monitoring of behaviour' and 'Self-monitoring of outcome(s) of 
behaviour'  

 BCTs: 'Monitoring of behaviour by others without feedback' and 'Monitoring 
outcome(s) of behaviour by others without feedback'  

This is an incentive as it is 

known that reward will be 

provided if the behaviour is 

completed.  
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 BCTs: 'Material reward' and 'Material reward (outcome)'  

 BCTs: 'Goal setting (behaviour)' and 'Goal setting (outcome)'  

 BCTs: 'Review behaviour goal(s)' and 'Review outcome goal(s)'  
 

The following three groupings of BCTs differ in type for other reasons: 

 BCTs: 'Social support (practical)' and 'Social support (unspecified)'  

 BCTs: 'Material reward', 'Social reward' and 'Non-specific reward'  

 BCTs: 'Information about health consequences', 'Information about emotional 
consequences' and 'Information about social and environmental consequences' 
(Notice: the taxonomy doesn’t distinguish between outcomes and behaviours so 
can be used or both) 

 

Example from the training: “Participants were provided information on the 

consequences of giving up meat”. 

 

In this phrase the BCT type is unspecified and cannot reasonably be inferred (see: 

Learning principle 2). In this context coders are instructed to code the most general 

BCT type in the particular grouping as present. In this illustration the BCT: ‘Information 

about social and environmental consequences’ should be coded as present. 

 

Imagine later in the description, the following phrase: “Participants were told that giving 
up meat may lead to a deficiency in vitamin B12” 
 

This phrase clarifies that the consequences refer to health consequences and therefore 

only the BCT ‘Information about health consequences’ should be coded as present. 

 

Notes on the Principle 4  

1. Code technical terms and packages of BCTs that map onto BCTs in the 
taxonomy 

 

Technical terms and BCT packages that are reasonably well defined (i.e. they 
consistently include the same collection of BCTs) are included underneath BCT 
definitions in the taxonomy. 
 
Summary of technical terms / BCT packages: 

 'Extinction' - code as the BCT 'Remove reward' 

 'Relapse prevention' - code as the BCT 'Problem solving' 

 'Coping planning' - code as the BCT 'Problem solving' 

 'Implementation intentions' - code as the BCT 'Action planning' 

 'Cognitive restructuring' - code as the BCT 'Framing / reframing' 

 'Modelling' - code as the BCT 'Demonstration of the behaviour' 

 'Positive reinforcement' - code as the BCT/s 'Material reward (behaviour)' 
and/or 'Material reward (outcome)' and/or 'Social reward' and/or Non-specific 
reward' 

 'Skills training' - code as the BCT 'Instruction on how to perform the behaviour' 

 'Stress management' - code as the BCT 'Reduce negative emotions' 

 'Decisional balance' - code as the BCT 'Pros and cons'
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Appendix F: Individual-level data for the sample of apps assessed (Study 1) 

Name  

T
y
p
e
 o

f 
P

A
 a

p
p

 

N
u
m

b
e
r 
o
f 
ra

tin
g
s
 

(iT
u
n
e
s 

/ 
G

P
) 

C
o
st

 (
iT

u
n
e
s
 /
 G

P
) 

S
iz

e
 in

 M
B

 (
iT

u
n
e
s 

/ 

G
P

) 

L
a
s
t 
u
p
d
a
te

 (
iT

u
n
e
s
 /
 

G
P

) 

H
a

v
e

 p
ri

v
a

c
y
 

p
o

li
c
y
 

A
v
a
ila

b
le

 w
it
h
o
u
t 

a
p
p
 d

o
w

n
lo

a
d

 

A
v
a
ila

b
le

 a
ft
e
r 

a
p
p
 

d
o
w

n
lo

a
d

 

S
h
o
rt

 f
o
rm

 n
o
ti
c
e

 

O
th

e
r 

la
n
g
u

a
g

e
s
 

C
o
lle

c
ts

 P
II

 

S
h
a
re

s
 w

it
h

 3
rd

 p
a
rt

y
 

T
o
ta

l 
n
u

m
b
e
r 

o
f 
B

C
T

s
 

E
x
p
e
rt

 i
n
v
o
lv

e
m

e
n
t 

A
n
y
 s

tu
d

ie
s
 a

s
s
o
c
ia

te
d

 

w
it
h
 t

h
e
 a

p
p

 

A
vg

. 
u
se

r 
ra

tin
g
 (
1
-5

 s
ta

rs
) 

(iT
u
n
e
s 

/ 
G

P
) 

S
U

S
 

 

                 

 

Fitbit 
TM 

7871/ 
207000 

FREE 
104 / 
22.35 

09/12/2016 - 
15/12/2016 

       10   3.9 / 4 
6
6 

Strava 

Running 

and Cycling 

GPS 

TM 
10742 / 
199596 

FREE 
59.2 / 
21.41 

09/01/2017 - 
03/01/2017 

       8   
4.6 / 
4.5 

6
0 

Pacer – 
Pedometer plus 
Weight Loss 
and BMI 
Tracker  

P 
4484 / 
250669 

FREE 
85.4 / 
9.64 

12/01/2017 - 
09/01/2017 

       10   
4.6 / 
4.5 

7
5 

Map My Run – 
GPS Running 
& Workout 
Tracker  

TM 
24530 / 

135087 
FREE 

164 / 

70.02 

22/12/2016 - 
22/12/2016 

       8   
4.5 / 
4.5 

8
5 
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Adidas train & 

run 

TM 
NA / 

78868 
FREE 

NA / 
72.53 

NA - 30/11/2016        10   
NA / 
4.3 

7
6 

Steps 

Pedometer 

& Step 

Counter 

Activity 

Tracker 

P 438 / 0 FREE 
25.7 
/NA 

30/11/2015 - 
07/12/2016 

       3   
4.1 / 
NA 

9
4 

7 Minute 

Workout by 

Simple 

Design Ltd 

W 
NA / 

351356 
FREE 

NA/ 
13.67 

19/12/2016 - 
19/12/2016 

   NA    11   
NA / 
4.5 

5
5 

Runtastic 

Running & 

Fitness 

TM 
1760 / 
625077 

FREE 
144 / 
33.08 

NA - 13/12/2016        8   
4.5 / 
4.5 

5
3 
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Home 

workout 

MMA 

Spartan 

Free 

W 
NA / 
9913 

FREE 
NA/ 

28.41 
12/01/2017 - NA        5   

NA / 
4.6 

9
1 

Stepz – 

Pedometer 

& Step 

Counter  

P 387 / 0 FREE 
43.4 
/NA 

27/05/2016 - NA        8   
4.6 / 
NA 

1
0
0 

Interval 

Timer – 

Timing for 

HIIT 

Training 
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IT 119 / 0 FREE 
14.3 
/NA 
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4.4 / 
NA 

8
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Sworkit – 

Custom 

Workouts 

for Exercise 

& Fitness 

W 1383/ 0 FREE 
151 
/NA 

NA - 20/10/ 2016        8   
4.7 / 
NA 

9
6 

Fitness & 

Bodybuildin

g 

W 
NA / 

44923 
FREE 

NA/ 
31.5 

29/01/2016 - NA        7   
NA / 
4.6 

8
0 

Daily 

Workouts 

FREE 

W 826 / 0 FREE 52 /NA 
03/11/2016 - 
21/06/2016 

       7   
4.6 / 
NA 

7
1 

30 Day Ab 

Challenge 

FREE 

W 
498 / 
996 

FREE 
67.7 / 
6.72 

12/01/2017 - NA        5   
3.7 / 
4.5 

9
0 
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Runtastic 

Results: 

Body 

Workout 

Fitness 

Trainer 

W 
1763 / 

0 
FREE 

163 
/NA 

NA - 12/12/2016        5   
4.5 / 
NA 

9
5 

C25K® - 

5K Running 

Trainer 

RP 
NA / 

29795 
FREE 

NA/ 
38.53 

03/01/2017 - NA        7   
NA / 
4.6 

8
6 

Health 

Mate – 

Steps 

tracker & 

Life coach  

P 
758/ 
NA 

FREE 
124 
/NA 

03/08/2016 - NA        8   
3.2 / 
NA 

9
0 

One You 

Couch to 

5K 

RP 
92 / 
206 

FREE 
73.9 / 
33.07 

01/08/2016 - NA        12   
1.8 / 
2.4 

7
1 
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Running, 

Walking 

and Biking 

with 

Endomond

o  

TM 
3698 / 
377971 

FREE 
131 / 
18.24 

15/01/2017 - 
15/12/2016 

       7   
4.4 / 
4.5 

8
6 

Map My 

Ride – GPS 

Cycling & 

Route 

Tracker 

TM 
10197/ 
78204 

FREE 
161 / 
68.09 

21/12/2016 - 
22/12/2016 

       8   
4.2 / 
4.4 

8
5 

 

Interval 

Timer 

IT 
NA / 
5827 

FREE 
NA/ 
4.82 

NA - 24/04/2016  

 
 

 
 

 
 

 
 

 
 

 
 1   

NA / 
4.7 

8
3 

5K Run - 

Couch to 

5K 

RP 
NA / 
1615 

FREE 
NA/ 

26.82 
NA - 29/12/2016        6   

NA / 
4.3 

9
1 
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7 Minutes 

Workout – 

Women 

Fitness 

Exercise 

Trainer 

W 
110 / 
NA 

FREE 
92.7 
/NA 

18/09/2016 - NA        8   
4.3 / 
NA 

9
4 

Seconds – 

Interval 

Timer  

IT 
633/ 
NA 

FREE 
11.2 
/NA 

23/11/2015 - NA        1   
4.6 / 
NA 

6
9 

Running 

Distance 

Tracker + 

TM 
NA / 
4116 

FREE 
NA/ 

12.15 
NA -11/01/2017    NA    3   

NA / 
4.6 

9
1 

Freeletics 

Bodyweight 

– Workout  

W 
602 / 
77767 

FREE 
70.6 / 
38.97 

12/01/2017 -
11/01/2017 

       11   4 / 4.5 
8
4 
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Couch to 

10K 

Running 

Trainer 

RP 
NA / 
5856 

FREE 
NA/ 

40.06 
NA -16/01/2017        7   

NA / 
4.6 

8
6 

FitNotes - 

Gym 

Workout 

Log 

W 
NA / 

12698 
FREE 

NA/ 
1.88MB 

NA -30/11/2016        6   
NA / 
4.5 

6
5 

 

Belly Fat 

Exercises 

W 
NA / 
1475 

FREE 
NA/ 

3.93MB 
NA -30/07/2016  

 
 

 
 

 
 

 
 

 
 

 
 1   

NA / 
3.9 

7
3 

Belly Fat 

Workout 

FREE – 10 

Minute Ab 

Exercises 

W 
672 / 
NA 

FREE 
74.3 
/NA 

18/11/2016 - NA    NA  NA NA 5   
4.3 / 
NA 

7
5 
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Movesum – 

Step 

counter by 

Lifesum 

P 14 / NA FREE 
43.6 
/NA 

24/09/2016 - NA        4   
1.9 / 
NA 

9
9 

7 Minute 

Workout 

Challenge 

by Fitness 

Guide Inc 

W 
1247/ 
3697 

2.29/2.
48 

102 / 
43.88 

20/04/2015 - 
23/02/2015 

       11   
4.7 / 
4.4 

1
0
0 

Adrian 

James 6 

Pack Abs 

Workout 

W 
801/ 
NA 

0.79 / 
NA 

73.5 
/NA 

20/09/2016 - NA        9   
4.6 / 
NA 

9
9 

Full Fitness 

: Exercise 

Workout 

Trainer 

W 
1455 / 

NA 
2.29 / 
NA 

105 
/NA 

20/12/2016 - NA        9   
4.4 / 
NA 

6
1 
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Runtastic 

PRO 

Running 

and 

Workout 

Tracker  

TM 
3845 / 
177277 

3.99 / 
4.99 

143 / 
33.3 

17/01/2017 - 
22/12/2016 

       9   
4.6 / 
4.5 

9
5 

Couch to 

5K® - 

Running 

App and 

Training 

Coach 

RP 
127 / 
9207 

1.49 / 
1.67 

97.2 / 
15.4 

30/11/2016 - 
18/11/2016 

       9   
4.3 / 
4.6 

7
8 

Adrian 

James High 

Intensity 

Interval 

Training  

W 77/ NA 
0.79 / 
NA 

82.2 
/NA 

20/09/2016 - NA        7   
4.8 / 
NA 

9
9 
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Running for 

Weight 

Loss PRO 

TM 
3825 / 

NA 
1.49 / 
NA 

104 
/NA 

16/12/2016 - NA        10   
4.6 / 
NA 

9
1 

Fitness 

Trainer 

FULL 

version 

W 
NA / 
2876 

NA / 
0.99 

NA/ 
52.36 

NA -29/12/2016        7   
NA / 
4.7 

7
8 

Instant 

Fitness : 

600+ 

exercises, 

100+ 

workouts… 

W 79 / NA 
2.29 / 
NA 

80.2 
/NA 

30/05/2014 - NA        7   
4.3 / 
NA 

8
9 

Push ups 0 

to 100: 

push ups 

W 
106 / 
NA 

1.49 / 
NA 

65.6 
/NA 

06/10/2016 - NA    NA    9   
4.8 / 
NA 

9
9 
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challenge 

trainer pro 

Couch to 

5K Runner, 

0 to 5K run 

training 

RP 
1678 / 

NA 
2.29 / 
NA 

84.3 
/NA 

04/10/2016 - NA    NA    10   
4.9 / 
NA 

9
9 

Footsteps – 

Pedometer 
P 

221 / 
NA 

2.29 / 
NA 

9.3 /NA 13/12/2015 - NA    NA    3   
3.4 / 
NA 

6
1 

 

iMuscle 2  
W 

56 / 
2128 

2.79 / 
1.89 

376 / 
145 

08/12/2014 - 
22/07/2016 

       10   
4.8 / 
4.1 

6
6 

10K 

Running 

Trainer Pro 

RP 
NA / 
570 

NA / 
2.49 

NA/ 
27.64 

NA -09/01/2017        8   
NA / 
4.5 

8
8 
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Police 

Fitness – 

Bleep Test  

W 20 / NA 
0.79 / 
NA 

30.6 
/NA 

27/01/2017 - NA        3   4 / NA 
8
0 

Marathon 

Trainer - 

26.2 42K 

RP 
NA / 
136 

NA / 
8.49 

NA/ 
27.66 

NA -10/01/2017        8   
NA / 
4.4 

8
8 

MapMyFitn

ess+ 

Workout 

Trainer 

W 
NA / 
1409 

NA / 
2.30 

NA/ 
88.23 

NA - 31/01/2017        10   
NA / 
4.4 

9
3 

 

5K to 10K RP 
16 / 
378 

NA 
2.29/ 
2.32 

79.4 / 
12.92 

30/12/2015 - 
25/05/2016 

       10   
3.9 / 
4.3 

8
8 

7 Minute 

Workout 

Pro 

W 
NA / 
1521 

NA / 
2.39 

NA/ 
28.2 

NA -26/09/2016    NA    13   
NA / 
4.6 

8
5 
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Chloe 

Madeley 

Weights 4 

Women 

W 11 / 7 
NA2.99
/ 2.99 

102 / 
60.19 

03/05/2016 - 
04/05/2016 

       2   
2.5 / 
3.9 

8
4 

10K Pacer: 

Run pace 

training. 

Run faster 

RP 12 / NA 
NA2.99

/ NA 
65.3 
/NA 

08/10/2016 - NA    NA    10   
4.8 / 
NA 

9
9 

Starting 

Strength 

Official 

W 
NA / 
391 

NA/ 
8.99 

NA/ 
55.58 

NA -15/12/2016  

 
 

 
 

 
 

 
 

 
 

 
 9   

NA / 
4.6 

5
8 

Thor 

Fitness: 60 

Day 

Bodyweight 

Workout 

Routine  

W 17 / NA 
0.79 / 
NA 

242 
/NA 

10/06/2015 - NA        8   4.4 / N 
6
9 
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Half 

Marathon 

Trainer 

13.1 21K 

RP 47 / NA 
7.99 / 
NA 

90.7 
/NA 

06/01/2017 - NA        8   
4.3 / 
NA 

8
5 

 

Yoga Break W 
not 

display
ed / NA 

2.29 / 
NA 

98.5 
/NA 

09/02/2016 - NA        5   
not 

display
ed / NA 

9
3 

PDC Pole 

Dance 

Syllabus 

W NA / 15 
NA / 
2.99 

NA/ 
0.97 

NA -14/08/2016    NA    1   
NA / 
3.5 

8
3 

MMA 

Spartan 

Workouts 

Pro 

W 
NA / 
1920 

NA / 
2.99 

NA/ 
44.07 

NA -21/09/2016        6   
NA / 
4.6 

9
0 

Get 

Running 
RP 

2670 / 
NA 

2.29 / 
NA 

24.2/N
A 

16/10/2013 - NA        5   
4.7 / 
NA 

8
8 
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(Coach to 

5K) 

WalkJogRu

n GPS 

Running 

Routes 

TM 
935 / 
NA 

3.99 / 
NA 

44.8 
/NA 

04/10/2016 - NA        5   
3.9 / 
NA 

7
1 

Runtastic 

Road Bike 

PRO 

TM 
NA / 

14840 
NA / 
4.99 

104 / 
22.35 

NA -01/03/2016        7   
NA / 
4.4 

9
1 

Runtastic 

Mountain 

Bike PRO 

GPS Biking 

Computer, 

Trail and 

Route 

Tracker 

TM 
232/ 

14955 
3.99 / 
4.99 

59.2 / 
21.41 

12/09/2016 - 
01/03/2016 

       6   
4.8 / 
4.5 

9
4 
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Chloe 

Madeley 15 

minute fat 

loss 

workout 

W 56 / NA 
2.99 / 
NA 

85.4 / 
9.64 

29/07/2016 - NA        3   
3.4 / 
NA 

9
0 

CARROT Fit – 

7 Minute 

Workout, Step 

Counter 

Weight Tracker 

W 
263 / 
NA 

2.49 / 
NA 

164 / 
70.02 

17/11/2016 - NA       NS 11   

4.7 / 
N
A 

9
4 

Notes: The assessment of User involvement and Organizational affiliation is not displayed in this table as no apps reported consulting users 

in the app development; 1 app, One You Couch to 5K, was indicated as having governmental affiliation; App types: IT; Interval timer-type 

app; P; Pedometer-type app; RP, Running programme-type app; TM; Tracking of movement-type app; W, Workout-type app; MB, 

megabytes; NA, not applicable; NS, not specified; PPI, Personally Identifiable Information; , Yes; , No.
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Appendix G: Directed Acyclic Graph (Study 2) 

a) visualisation of all variables considered 
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a) graph depicting potential confounders that were measured and control for in the analysis  

 

 

Number of BCTs Star ratings 

?

Cost

Size

Usability 

Number of 
features

Question of interest: Is there a relationship between the likely efficacy of PA apps (operationalised as the presence of BCTs ) and app 

popularity (operationalised as the star ratings assigned to the apps)? 
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Appendix H: Sample size calculation for the association between the number of BCTs 

and user ratings (Study 2) 

 

A sample size of 51 apps will provide 90% power to detect a change of 0.11 for each 

additional BCT at 5% significance level (type I error rate). 

 
A sample size of 65 apps was selected to account for any randomly selected apps that 

might not fulfil the inclusion criteria once downloaded. If all 65 apps are eligible, the 

resulting study will have 94% power to detect a change a mean change of 0.11. These 

calculations assume that pilot data are similar to the study data in that the mean 

change is 0.11. 

 
Reference:  

 

Dupont, W. D., & Plummer Jr, W. D. (1998). Power and sample size calculations for 

studies involving linear regression. Controlled clinical trials, 19(6), 589-601.
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Appendix I: Table of different designs explored to assess PA app (Study 3) 

 

Design  Description  Issues raised at the 
last supervision 
relating to each 
design  

Notes on the design  Pros 

Single Case Design: 
N-of-1  
 
 

A type of study from a 
family of Single Case 
Designs. A typical single 
patient trial consists of 
experimental/control 
treatment periods 
repeated a number of 
times. A typical single 
patient trial consists of 
experimental/control 
treatment periods 
repeated a number of 
times. When applied to 
behaviour change 
intervention using apps, 
the use of app (e.g. 
pedometer) and control 
period (e.g. using healthy 
eating app) is 
randomised each day.  

N-of-1 study: EM 
suggested that this is 
not an appropriate 
study because the 
research method is 
more used in a drug 
trial, there needs to be 
a washout period and it 
will not be appropriate 
for a study assessing 
behavioural 
intervention. 

Random allocation to the trial 
and control (especially each 
day) would not be appropriate 
as: 
1) Withdrawal – it would not 
be beneficial for the users to 
withdraw them from the PA 
intervention / also it might not 
be technically possible as I 
cannot delete the app from 
their phone.  
2) washout period in 
behaviour change is an issue  

It has a control so I can 
investigate if the change 
in PA might be due to 
the intervention 
delivered using the apps  

Single Case Design 
with multiple 
baseline  

Baseline assessment is 
treated like a control. 
Measurement of the 
dependent variable 
during a baseline should 
occur until the observed 

Not discussed  define what is stable PA 
would be difficult; issues with 
remotely accessing data from 
accelerometer 

Small sample size 
needed; more rigorous 
that pre-post. 
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pattern of responding is 
sufficiently consistent to 
allow prediction of future 
responding. 

RCT   PB considered using an 
RCT but it would be 
hard to justify 
assessing only one app 
from the review (as this 
will was suggested at 
her upgrade viva). An 
RCT with 4 arms plus a 
control arm would need 
a large sample size. 

There is no equipoise 
whether PA is beneficial 
therefore randomising a 
participant who is 
interested in increasing 
their PA (my sample will be 
people who are motivated 
but inactive) to a control 
with no exercise is ethically 
questionable. At the same 
time, there is no evidence 
that the apps I plan to 
assess actually increase 
PA. In addition, in this 
case, active control would 
be appropriate. 

Most rigorous  

Factorial design  
 
 

Factorial design enables 
to assess various 
components of the 
intervention. 

Factorial design: my 
not be appropriate 
unless PB wanted to 
assess the use of 
combination of apps, 
which is not the 
research question in 
this study. 
 

If I was assessing various 
features of the same app then 
factorial design would be 
appropriate but I am 
assessing 2 apps and 2 
behaviours  

N/A as not possible for 
this study.  

Pre-post study  
 
 

 
A pre-post study 
examines whether 
participants in an 

A at the meeting 
occurred that the most 
appropriate design will 
be simple pre and post 

No control; without reference 
to a comparison group, it 
cannot answer whether 
participants’ improvement or 

Low-cost, simple, can 
conduct with a wider 
range of apps  



      

477 
 

intervention improve 
during the course of the 
intervention, and then 
attributes any such 
improvement or 
deterioration to the 
intervention. 

single arm design. 
However PB wants to 
assess 4 different apps. 
The design would be to 
give participants a 
choice of 4 apps and to 
conduct a single arm 
pre and post study. 
This would be a better 
option in order to try 
and mirror choices on 
the market. People are 
more likely to use the 
app/intervention if they 
are given a choice. 
 

deterioration would have 
occurred anyway, even 
without the intervention. It 
may lead to erroneous 
conclusions about the 
effectiveness of the 
intervention. 
 
Issue with interpretation of the 
results:  
If the results will show that 
there is a difference then I 
can interpret the results as: 
apps seem to increase, 
overall,  
PA.  
 
The problem is if there will be 
no difference from baseline. 
What would the result mean if 
users will have a choice of 
using 1 of 4 apps? That apps 
for PA do not work? I think it 
will be difficult to interpret the 
data 

Latin square 4 x 4  
 
 

Differs from crossover 
design in terms of the 
number of studied 
treatments; is used when 
more than two 
treatments are compared 
in the same trial. 

the issue with “forcing” 
users to use them all is 
an issue why Latin 
square might not work. 
If some people do not 
like certain apps then 
they will not use it and 
the results might show 
that they do not work 
but in fact it might be 

It might be complex and a 
burden on the participants to 
use 4 apps therefore not the 
best use of resources.  
 
 

Would be an opportunity 
to assess 4 types of 
apps that are most 
common in the PA app 
market  
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that they just don't like 
the particular physical 
activity provided in the 
intervention delivered 
by an app. in addition, 
the washout period in a 
behavioural 
intervention will be an 
issue. 

Crossover design  Each participant in a 
crossover trial receives 
two treatments in a 
random order and acts 
as their own control 

Still only 2 apps, 
Unknown how long the 
baseline assessment of 
PA should be; I don’t 
have a control group, I 
am comparing 
participants to 
themselves. It might be 
that I will have a very 
motivated sample of 
people only. I’m using 
the baseline of these 
people to represent 
people who I am not 
studying.  
 

 

This is the way to simplify 4x4 
Latin square. The population 
group I target in the 
intervention are people who 
are motivated to do PA but 
they do not engage in much 
PA. Hence they will need to 
be willing to try the 2 apps I 
am assessing (easy: walking; 
slightly harder: 7 minutes 
workout).  
 
This is the most appropriate 
design for the study to 
answers some questions with 
minimal recourses possible 
(and reduced participant 
burden) 

Ability to assess 2 apps; 

can assess the overall 

effect but also the effect 

of each of the 2 app;  

Ability to assess the 
effects of the sequence 
of app assessment;  
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Appendix J: Summary of the process of selection of correlates/determinants of PA to measure (Study 3) 

 

Determinants/correlates of PA 
from Bauman et al. 2012 

Mapped onto TDF? Modifiable/ modifiable in 2-week 
intervention period?  

Measured in the study? 

Biological/ Demographic 

Male sex Not relevant non-modifiable At baseline  

White ethnicity Not relevant non-modifiable At baseline 

Age (inverse) Not relevant non-modifiable At baseline 

Education level Not relevant non-modifiable At baseline 

Overweight or obesity Not relevant Modifiable but unlikely in the short 
term 

No  

Health status Not relevant Modifiable but unlikely in the short 
term 

No 

Psychosocial 

Self-efficacy  Measured and 
mapped  

Modifiable  At baseline & follow up  

Intention to exercise Mapped Modifiable At baseline & follow up 

Stages of readiness to change Measured and 
mapped 

Modifiable No, targeting population already 
motivated to change but doing little 
or no PA 

Perceived effort of the PA  Mapped Modifiable but unlikely in the short 
term 

No, explored in the qualitative study 

Social support  Mapped  Potentially modifiable by the social 
features of the app  

No, explored in the qualitative study  

Behavioural 

History of PA during adulthood  Unable to 
change/measured, 
also eligibility criteria  

non-modifiable No, explored in the qualitative study 

High job strain Mapped non-modifiable No, explored in the qualitative study 
alongside other external factors  

Action planning Mapped  Modifiable. The features of app 
enable self-regulation. 

No, explored in the qualitative study  
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Environmental  

Proximity to facilities Mapped non-modifiable No, explored in the qualitative study  

Transportation environment (e.g. 
pavement and safety of 
crossings)  

Mapped non-modifiable No, explored in the qualitative study  

Aesthetics  Mapped non-modifiable No, explored in the qualitative study  

Social environment (safety from 
crime and social incivilities) 

Mapped non-modifiable No, explored in the qualitative study  

Neighbourhood design (e.g. 
walkability, street connectivity) 

Mapped non-modifiable No, explored in the qualitative study  

Notes: Bolded items = most consistent correlates, Green = influences that were mapped onto COM-B and TDF, Dark green = measure in 

the quantitative study 

 

Source of the determinants/correlates:  

 

Bauman, A. E., Reis, R. S., Sallis, J. F., Wells, J. C., Loos, R. J., Martin, B. W., & Lancet Physical Activity Series Working Group. (2012). 

Correlates of physical activity: why are some people physically active and others not?. The Lancet, 380(9838), 258-27
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Appendix K: Mapping of the determinants/correlates of physical activity (Study 3) 

  

COM-B 
component 

  TDF Domain Relevant theoretical constructs 
represented within each domain 

Determinants/correlates of PA from 
Bauman et al. 2018 

Capability 
  

Psychological 
  
  
  

Knowledge -  

Skills (cognitive 
and interpersonal) 

-  

Memory, Attention 
and Decision 
Processes 

-  

Behavioural 
Regulation 

Self-monitoring, breaking habits, 
action planning- provided by app 

Action Planning 

Physical Skills (physical)  Perceived effort of PA 

Opportunity Social 
environment 

Social Influences Social pressure, social comparisons, 
group norm, social support, group 
identity 

Social support, Cultural & social norms/ 
expectations 

Physical 
environment  

Environmental 
Context and 
Resources 

Material resources - provided by app Proximity to facilities 
Transportation environment (e.g. 
pavement and safety of crossings)  
Aesthetics  
Social environment (safety from crime 
and social incivilities) 
Neighbourhood design (e.g. walkability, 
street connectivity) 
High job strain  

Motivation 
  
  
  
  

Reflective 
  
  
  
  

Social/Professional 
Role & Identity 

Identity, group identity  

Beliefs about 
Capabilities 

Self-confidence, perceived 
competence, self-efficacy, PBC, 
beliefs, self-esteem, empowerment 

Self-efficacy, Perceived effort of the PA 
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  Optimism Optimism, identity  

Beliefs about 
Consequences 

Beliefs, outcome expectancies, 
characteristics of outcome 
expectancies, consequents 

 

Intentions Stability of intentions, stages of 
change model, Transtheoretical 
model and stages of change  

Intention to exercise, Stages of 
readiness to change 

Goals Goals (distal/proximal), goal priority, 
goal/target setting, goals 
(autonomous/controlled), action 
planning, implementation intention  

Action Planning  

Automatic 
  
  
  

Social/Professional 
Role & Identity 

Identity, group identity  

Optimism Optimism, identity  

Reinforcement Rewards (proximal/distal, valued/not 
valued, probable/improbable), 
incentives, consequents, 
reinforcement, contingencies - 
provided by app 

 

Emotion Positive/negative affect   

 

Reference:  

 

Bauman, A. E., Reis, R. S., Sallis, J. F., Wells, J. C., Loos, R. J., Martin, B. W., & Lancet Physical Activity Series Working Group. (2012). 

Correlates of physical activity: why are some people physically active and others not?. The Lancet, 380(9838), 258-271
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Appendix L: Recruitment materials (Study 3) 

 

a) paper advertisement 

 

Call For Participants
Your views and experience of
using 2 fitness apps

5 week(s) to complete

£20 gift card, free access to paid
apps

Your views and experience of
using 2 fitness apps

London, UK

University College London

ARE YOU LOOKING FOR MOTIVATION
TO INCREASE YOUR FITNESS?

Would you like a free access to paid mobile
apps and a £20 voucher?
Would you consider yourself to be someone
who does NOT do enough physical activity?

There are many fitness apps on the market
BUT we don’t know if any of these apps are
helpful in increasing fitness level. Please
help us to assess them and increase your
physical activity as well!

Find out more online
Poster printed on 28/01/2018       Study expires on 28/02/2018

More info
by scanning the QR code
or visiting the URL

www.cfp.cc /EB6PQ3
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b) screenshot of the study site on Qualtrics 

 

 

Who am I and what is the purpose of this study?  

 

My name is Paulina and I am a PhD student at the University College London (UCL). I 

am supervised by a research team made up of doctors, researchers and lecturers at 

the eHealth Unit, Department of Primary Care and Population Health, UCL. 

 

In this project we are assessing 2 highly popular apps that are available on the market. 

We would like to find out if these apps can help to increase fitness levels and what 

potential users (like you) think about them. We will pay for the cost of the apps.  

 

What are the benefits for you? 

 

You may find it interesting to use the fitness apps to see if they can help you engage in 

more exercise. The study will also give you free access to popular apps that you would 

otherwise have to pay for. Your opinions will be extremely helpful to the research and I 

will offer you £20 Love2shop voucher as a token of appreciation for your time and 

effort. 

 

Who are we looking for? 

 

We would like to invite adults (at least 18 years' old) who are not physically active (or 

do very little exercise) and who live or work in London or surrounding areas so that you 

can meet the researcher face-to-face at least once. You would need to own a 

smartphone. 
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What will you have to do? 

 

First, I would like you to complete the screening questionnaire to see if you are eligible 

to take part. This will take around 5 minutes. 

  

The study will take 5 weeks. Within this period you will be asked to try to use the apps 

and to make some notes on your experiences of using the apps. You will wear a small 

device that measures your activity and I ask you to fill in some simple survey questions. 

After 5 weeks there will be an interview to share with me your experiences of using the 

apps. In addition, I will call you/text you after 2 months to ask you if you are still using 

the apps. The whole process is confidential and your name will never be used in the 

research outputs.  

  

Thank you 

Paulina 

If you have any questions, please contact me: 

Email: appapp@ucl.ac.uk 

Mobile: 07707100795 

  

Data Protection Act 1998: The personal information that you give for this survey will 

only be used for the purpose of the survey and will not be transferred to an 

organisation outside of UCL. 

  

By filing in the questionnaire you agree to UCL holding your personal data for just 

enough time to assess your eligibility. If you are not eligible, UCL will destroy any 

sensitive information about you.  

 

Take the 5 min screening questionnaire to see if you are eligible  
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Appendix M: Sensitivity analyses using vector magnitude (Study 3) 

 

 

The results of the primary analysis using vector magnitude CPM displaying similar 

results to the ones observed using Axis 1 CPM (daily PA count).  

 

 
 Period 1   Period 2   

 LSM 95% CI  p-

value 
LSM 95% CI  p-

value 
  lower upper   lower upper  

Daily PA 

count 
16.58 -35.80 68.96 0.531 15.87 -42.55 74.28 0.591 

MVPA 0.96 -4.43 6.36 0.723 0.91 -5.11 6.93 0.764 

Light -5.06 -11.76 1.64 0.137 -0.08 -7.55 7.40 0.983 

Moderate 0.24 -4.81 5.30 0.924 1.12 -4.52 6.75 0.695 

Vigorous 0.67 -0.68 2.02 0.329 -0.14 -1.65 1.37 0.855 

SB -13.81 -36.57 8.95 0.231 17.46 -7.93 42.84 0.175 

Step 

count 
73.59 -627.34 774.52 0.835 95.21 -686.55 876.97 0.809 

Wear 

time  
-17.85 -40.61 4.90 0.123 18.22 -7.16 43.61 0.157 
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Appendix N: Results of the sensitivity analysis of self-reported physical activity variable 

log transformed (Study 3)  

IPAQ variable  

 

 Period 1 

  

 Period 

2 

  

 

 LSM 95% 

CI 

 p-

value 

LSM 95% 

CI 

 p-

value 

  lower  upper    lower  upper   

Total time in 

PA (min/week) 

32.52 10.18 54.87 0.005 25.16 2.39 47.93 0.031 

Moderate PA 

(MET-

min/week) 

113.68 14.97 212.38 0.024 98.49 -2.10 199.07 0.055 

Vigorous PA 

(MET-

min/week) 

1.85 -

201.86 

205.56 0.986 37.77 -

169.82 

245.36 0.719 

Walking 

(MET-

min/week) 

375.01 106.17 643.85 0.007 366.85 92.88 640.81 0.009 

Total PA 

(MET-

min/week) 

489.46 118.18 860.75 0.010 504.22 125.86 882.59 0.010 

SB (min/week) -123.23 -

196.12 

-50.34 0.001 -

144.77 

-

218.48 

-71.05 0.000 
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Appendix O: Results of the sensitivity analysis for expected outcomes of physical 

activity (Study 3) 

 

 all records (including the extreme case), 

 with the outlier set to the 2nd most extreme value of -16 change in Expected 

Outcomes for PA  

 

 Period 

1   

 Period 

2 

  

 

 LSM 95% 

CI 

 p-

value 

LSM 95% 

CI 

 p-

value 

  lower  upper    lower  upper   

Expected Outcomes 

for PA (all records) 

-1.70 -3.03 -0.38 0.01 -1.81 -3.15 -0.46 0.01 

Expected Outcomes 

for PA 

(outlier set to 2nd 

most extreme value, -

16) 

-1.70 -2.80 -0.61 0.00 -1.48 -2.60 -0.37 0.01 
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Appendix P: Topic guide for data-prompted interviews (Study 4) 

 

Thank you so much for your time and for coming along to talk with me today. You have 

agreed to take part in the study where I have sked you to use two apps that are 

available on the open market. This is an interview looking at your experiences of taking 

part in the study and using the apps. In particular, I would like to discuss how 

easy/burdensome were the questions I asked you to fill in, how did it feel having to 

wear the accelerometer device, and how did you feel about being given an app to use. 

I would also like to discuss using the apps, how was it using the apps from one day to 

another? I wanted to hear how helpful or unhelpful the apps were: their pros and cons, 

and how easy or difficult they were to use. Do you have any questions at all? The main 

thing I would like to understand is ‘‘What is it like to be a person who tried to increase 

their physical activity using an app?” 

 

This interview will be audio taped so that we have an accurate record of your thoughts. 

Please be assured that the tapes and the transcript will be anonymised which means 

that you will not be identified and no one except me will have access to the transcript.  

 

Before we start, it is important for you to know that there are no right or wrong answers. 

We are just exploring this topic and are really interested in hearing about your opinions. 

If you don’t feel comfortable answering any questions, you don’t have to. Do you have 

any questions before we start? 

 

[Turn on recorder] 

 

 

First, I would like to ask you some questions about your experience taking part in the 

study, including the measures I asked you to fill in and wearing the accelerometer 

device. Then, I would like to hear about your experiences of using the apps. Is this fine 

with you?
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Acceptability of the interventions 
[In this part of the interview, the representation of the participants’ data will be used as 

prompts to guide the interview. Below I listed general areas/questions that will be 

discussed in this section. However, the interview will depend on the content of the data 

prompts] 

 

[Note to self - REMEMBER: data prompts (survey responses, screenshots of the 

activity recoded by the apps, multimedia diaries] 

 

[First, the use of the first app used will be discussed. The questions will be repeated to 

discuss the 2nd app]  

 

Please could you open the app? 

 

Intervention coherence and usability  

How much do you think you understood how the app worked?  

Prompts: what worked / what did not work 

How easy was the app to navigate?  

How attractive was it for you to use?  

 

Facilitators and barriers / likes and dislikes 

What problems have you encounter?  

What did you feel about the app overall?  

Probes: Why? Can you tell me more about that? 

What did you like about it?  

Prompts: aspects/features of the apps and why? /how did it fit in your life? 

And what did you dislike?  

Prompts: aspects/features of the apps and why? / how did it fit in your life? 

What do you think are the advantages of using this app to try to increase exercise? 

Probe: Can you tell me more about that? 

Features of each app:  

PHE: Tailored in-app coach, timer, reminder, automatic physical activity tracker, 

integration with music library, mood tracking  

7 MWC – videos, tailoring PA, reminders , logs, activity tracker 

 

Perceived effectiveness  

Do you think it helped you increase your levels of PA?  

Probes: Why / why not?  

How useful/ not useful were this app in helping you to do more exercise?  
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Probes: Tell me more please. In what way? What particularly was useful/ not 

useful? 

Prompts: what aspects/features you thought worked and why? 

What would make you use the app more? (dependent on the usage pattern) 

What in your opinion would be the best way to help people doing more physical activity 

(moving more?) 

Do you think that apps can help to solve the problem of low physical activity (to be 

healthier?) 

How would you change it? 

 

Adopting the apps into daily routines  

What were your experiences of day to day usage / non-usage of the apps ion terms of 

getting to use the app in-between your usual activities?  

Probe: You mentioned X, how difficult/easy was it for you to do this?  

 

Affective attitude 

How did you feel about using the app? 

How did that make you feel?  

Probes: proud/annoyed/happy/exhausted/guilty 

How did you feel about using the different features of the app?  

How did that make you feel?  

Probes: proud/annoyed/happy/exhausted/guilty 

 

Burden 

How much effort /little effort do you think was needed from you to use the app? 

Opportunity costs 

Did you think you had to give anything up to use the app? 

Prompts: Tell me more about that? Benefits /profits/values you had to give up? 

 

Wider context: physical activity – lifestyle, goals and values  

 

Life priorities 

Can you tell me about your life priorities? (what do you value in life?) 

How much do you want to do more physical activity? 

Do benefits of doing physical activity outweigh the costs?  

What problems have you encounter?  

What would help you? What would motivate you? (have you had time when you stuck 

to something?) 

Are there other things you might want to do that interfere with PA? 
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Achieving current and past physical activity goals  

What exercise goals have you set yourself in the past? 

Have you achieved them? 

What did you try or use to achieve your goals?  

Prompt: What worked? What didn’t and why? 

What are some of the things that stood in the way of achieving your goal? 

How would a perfect physical activity routine look for you? 

 

 

Acceptability of the design, procedures and data collection 

methods  
 

Acceptability of the design and procedures of the study 

What led you to take part in this study? 

Prompts: physical activity/ why did you want to increase it/overall health  

How did you feel about being given two apps to use? Would you rather have had only 

1? What about having to stop using one and start using another?  

Probes: can you tell me more about this? What do you mean when you say X? 

Can you think of anything that would make more people want to take part in a similar 

study? Or would make it easier for those that did take part? 

Would you think there is a better way to try get people to try those apps? 

Would you think that there is a better way of asking you to try some apps to increase 

exercise? 

 

Acceptability of data collection methods  

What did you think about the questionnaires that I asked you to fill in? 

Prompts: daily questions via phone/questionnaires/questions itself  

Prompts: easy/difficult; acceptable/annoying; timing of the reminders; frequency  

Probes: can you tell me more about this? 

How was to for you to wear the accelerometer?  

Prompts: easy/difficult; acceptable/annoying, restricting  

Is there anything else you would like to share on the topic discussed so far?  

Now, I would like to move on to discuss the experiences of using the 2 apps. 

How was it to use the PACO app?  
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Closing Question 

Do you have any other comments about what we have discussed, or about the 

research as a whole, before we close the interview? 

Is there anything you feel we haven’t covered here that you feel we should give 

attention to? 

Prompts: personal views on increasing physical activity 

Is there anything else you would like to say or share? 

[Turn off recorder] 

 

Thank you for your time. Please let me know if you would like to receive a copy of the 

final report. 

 

Note down the following: 

- My perceptions of the person, my thoughts/emotions 

- Perception of non-verbal communication 

- Any notable events during the interview (my behaviour or participants’ behaviour) 

- Any issues, e.g., background noise 
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Appendix Q: Behaviour Change Wheel matrices showing the links between different 

components of the Wheel  

 

Links between COM-B and intervention functions 

 

 
 

Links between intervention functions and policy categories 

 

 
 

Reference:  

- Michie, S., Atkins, L., & West, R. (2014). The behaviour change wheel. A guide to 

designing interventions. 1st ed. Great Britain: Silverback Publishing, 1003-1010.

Intervention	functions

Education Persuasion Incentivisation Coercion Training Restriction Environmental	

restructuring

Modelling Enablement

Physical	

capability

Psychological		

capability

Physical	
opportunity

Social	

opportunity

Automatic	

motivation

Reflective	

motivation

Policy	categories

Communication

/	marketing
Guidelines Fiscal	measures Regulation Legislation

Environmental/	

Social	planning

Service	

provision

Education

Persuasion

Incentivisation

Coercion

Training

Restriction

Environmental		

restructuring

Modelling

Enablement
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Appendix R: Published peer-reviewed articles (licensed under CC BY 4.0) 

 

a) Quality of Publicly Available Physical Activity Apps: Review and 

Content Analysis
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b) Relationship between popularity and the likely efficacy: an observational study 

based on a random selection on top-ranked physical activity apps 
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