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Abstract 

As work roles become more sedentary, new interventions to promote physical 

activity (PA) and reduce sedentary behaviour (SB) are required.  Mobile health 

(mHealth) technology (including wearable activity monitors and smartphone 

apps) is increasingly popular, low cost and accessible.  The project consisted of 

a systematic review of the existing evidence for mHealth interventions for PA 

and SB in workplace settings, followed by a real-world pre-post pilot study of a 

specific mHealth intervention in the police force (the Physical Activity Wearables 

in the Police Force, or PAW-Force study).   

The review findings indicated that mHealth is a potentially effective, feasible and 

acceptable tool for promoting PA in a workplace context, at least in the short 

term.  The longer-term impact and acceptability, and the impact on SB and 

wider outcomes (such as health, wellbeing and productivity) were less clear.  

The methodological quality of many existing studies was low and there were 

few mixed methods and qualitative studies. 

The study aims were to address the evidence gaps identified in the review, 

including the use of mixed methods, a detailed exploration of feasibility, 

acceptability and engagement in both the short- and longer-term, in addition to 

the impact on PA, sedentary time, health and wellbeing, perceived stress, 

perceived productivity and sickness absence.  This was the first known study of 

an mHealth intervention for PA and SB in the police force. 

Police officers and staff (n = 180) within the Devon and Cornwall and Dorset 

Police received a 12-week intervention (a Fitbit® activity monitor and ‘Bupa 

Boost’ smartphone app) with 8 months follow-up.  The results suggested a 

potential short- and long-term impact of the intervention on PA, particularly for 

less active officers and staff.  Although the intervention was perceived as 

acceptable and feasible at various organisational levels, the findings highlighted 

the importance of contextual factors and opportunity, particularly for reducing 

SB.  As in previous studies in other workplace settings, the impact on health, 

wellbeing, stress, productivity and sickness absence was unclear. 

The fields of workplace wellness, mHealth and behaviour change are brought 

together in this PhD.  The findings will inform future interventions in addition to 

policy and practice in the police force. 
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Definitions and Abbreviations 
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BCU; Basic Command Unit – the largest unit into which 

territorial British Police forces are divided.  Each 
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MET; Metabolic Equivalent of Task = a measure of 

intensity of physical activity based on oxygen 

consumption, compared to when at rest.  One MET 

is the amount of oxygen consumed while sitting at 

rest (3.5 ml O2 per kg body weight).  A MET-minute 

refers to the intensity of activity in one minute.  

(Jette et al., 1990) 

mHealth; Mobile health 

MVPA; Moderate-to-vigorous physical activity 

PA; Physical activity 

PCSO; Police Community Support Officer 

PICO; Population, Intervention, Control (or Comparison) 

and Outcome 

PRISMA; Preferred Reporting Items for Systematic reviews 

and Meta-Analyses 

PSS; Perceived Stress Scale 



   14 
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ascending order the ranks in the UK police force 
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SB; Sedentary behaviour 
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CHAPTER 1 INTRODUCTION 

 

1.1 The importance of workplace wellness 

The workplace is increasingly seen as an important setting for health promotion 

and preventive health activities, not only to prevent occupational injury, but also 

to improve people’s overall health and wellbeing (Wyatt et al., 2015, Institute of 

Occupational Safety and Health, 2015).  Workplace wellness programmes, or 

interventions designed for disease prevention and health promotion in 

employees, are increasing in prevalence (Batorsky et al., 2016).  This is the 

result of the growing public health burden of lifestyle-related disease, and the 

high proportions of time spent in the workplace by the majority of adults.  In 

addition to health and wellbeing benefits for employees, such programmes 

appeal to employers as there are potential economic benefits resulting from 

improved productivity (Guo et al., 2015), reduced healthcare costs (Baicker et 

al., 2010, Guo et al., 2015), lower absenteeism (Baicker et al., 2010) and lower 

presenteeism (Cancelliere et al., 2011).  Workplace wellness programmes may 

be used to target a range of lifestyle behaviors, including the promotion of 

physical activity (PA) and reduction of sedentary behavior (SB).  

 

1.2 Physical activity and sedentary behaviour  

Physical activity (PA) is defined by the World Health Organisation (WHO) as 

“any bodily movement produced by skeletal muscles that requires energy 

expenditure” (World Health Organisation, 2019).  This includes exercise and 

activities performed for leisure, work, active transport and household chores.  

Physical inactivity has been named as one of the biggest public health problems 

of the 21st century (Blair, 2009) and is the fourth leading cause of global 

mortality (World Health Organisation, 2019).   

International guidelines recommend that adults should do at least 150 minutes 

of moderate-intensity PA (or 75 minutes of vigorous-intensity PA) per week, in 

addition to muscle-strengthening activity on at least two days per week (World 

Health Organisation, 2019).  Failing to meet PA guidelines is associated with an 

increased risk of morbidity due to cardiovascular disease, metabolic syndrome 

and cancer (Wannamethee and Shaper, 2001, Metzger et al., 2010, Liu et al., 
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2016), and general mortality (Arem et al., 2015, Dwyer et al., 2015, Lear et al., 

2017).  Internationally, there is systematic evidence of a decline in occupation-

related PA (Knuth and Hallal, 2009). 

Sedentary behaviour (SB) is defined as “any waking behaviour characterised by 

an energy expenditure ≤1.5 METs (metabolic equivalents) while in a sitting or 

reclining posture” (Sedentary Behaviour Research Network, 2012).  Although 

SB has been less extensively researched in comparison with PA, the existing 

evidence suggests that PA and SB are related but separate behaviours, with 

distinct determinants and causal pathways (Spence et al., 2016).  More 

prospective and intervention studies are needed to investigate the complex 

relationships between PA, SB and health.  However, there is now considerable 

evidence that SB is an independent predictor of morbidity and mortality, 

including cardiovascular disease (CVD) and cardiovascular and all-cause 

mortality (Owen et al., 2010, Dunstan et al., 2011, Wilmot et al., 2012).  

Systematic review evidence from prospective studies indicates that increased 

occupational sitting is a risk factor for diabetes mellitus and mortality (van 

Uffelen et al., 2010).  It has been recommended that sedentary, desk-based 

workers should aim to accumulate four hours per day of standing and light 

activity during working hours (Buckley et al., 2015). 

Historically, studies have taken a ‘dual-hinge’ approach to promoting PA and 

reducing SB, where a single intervention is used to substitute SB with PA.  

There is an increasing realisation that this might not be the most successful 

approach; a systematic review and meta-analysis showed that interventions 

specifically designed to target SB have a greater impact on SB than 

interventions that focus on PA alone or both PA and SB (Prince et al., 2014).  

Different behavioural systems are likely to be involved in PA and SB, for 

example SB may be based more on automatic motivation (e.g. habits and 

impulses) rather than reflective motivation (Spence et al., 2016). 

 

1.3 The police force: Physical activity, sedentary behaviour, health and 

wellbeing 

Policing is an increasingly sedentary occupation (Ramey et al., 2014).  This is 

likely to be due in part to the changing nature of policing, with increasing rates 
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of white collar and cybercrime relative to street crime (Caneppele and Aebi, 

2017).  Police officers have been shown to be more active on their off-duty days 

than when they are at work (Ramey et al., 2014).  Policing is also a highly 

stressful occupation; police officers (and also staff) are exposed to a range of 

acute and chronic stressors as part of their role, in addition to organisational 

pressures (Ramey et al., 2016).  Additional lifestyle issues associated with the 

policing occupation include shift work, poor sleep and unhealthy diets (Ruiz and 

Morrow, 2005). 

Studies in various countries have indicated that the police force has a higher 

than average risk of certain health conditions compared with the general 

population, with the aforementioned factors deemed to contribute to this risk.  

High body mass index (BMI) and obesity have been reported at high levels in 

the police force (Soroka and Sawicki, 2014, Can and Hendy, 2014).  There is 

evidence for a high prevalence of metabolic syndrome (a cluster of risk factors 

including central obesity, hypertension, dyslipidaemia and glucose intolerance) 

in police officers (Leischik et al., 2015, Anderson et al., 2016).  Police officers 

have also been shown to have an elevated risk of CVD (Franke et al., 2002, 

Hartley et al., 2011, Zimmerman, 2012). 

Meeting healthy PA guidelines is important for members of the police force.  A 

physically active lifestyle will potentially mitigate the health risks associated with 

the policing occupation (Can and Hendy, 2014, Anderson et al., 2016).  In 

addition to enhancing the wellbeing of individuals, there may be potential 

organisational benefits such as improved productivity and reduced absenteeism 

(Guo et al., 2015, Baicker et al., 2010).  Furthermore, police officers need to 

meet professional standards of fitness in order to pass the annual fitness test 

and deal with situations that necessitate fitness, endurance or the use of 

physical force.   

Reported barriers to PA in the police force include lack of time, work pressures 

and lack of access to exercise facilities (Soroka and Sawicki, 2014, Lagestad 

and Van Den Tillaar, 2014).  However, there have been few in-depth studies 

exploring the context of PA and SB, including barriers and facilitators, in this 

population.  The need for novel interventions to promote PA and reduce SB in 

the police force has been emphasised (Ramey et al., 2014, Lagestad and Van 
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Den Tillaar, 2014, Anderson et al., 2016).  One potential intervention is the use 

of mobile health technology. 

 

1.4 The rise of mobile health and gaps in evidence 

Mobile health (mHealth) is defined by the WHO as “medical and public health 

practice supported by mobile devices” (World Health Organisation, 2011).  

mHealth technology includes wearable PA monitors or trackers and smartphone 

applications (apps).  In recent years, there has been a rapid increase in the use 

and popularity of mobile technology, and an associated increase in the use of 

mHealth in the general population, which allows people to monitor and manage 

their own health and wellbeing.  In 2018, 172.2 million wearable devices were 

purchased worldwide (International Data Corporation, 2019).  At the beginning 

of 2019, there were over 45,000 health and fitness apps available for download 

from the Apple App Store (Appfigures, 2019).  The estimated value of the global 

mHealth market in 2019 is around $37 billion (Roland Berger, 2016). 

mHealth technology has significant potential value in health promotion, due to 

its widespread appeal, accessibility, scalability and cost-effectiveness (Sullivan 

and Lachman, 2016).  It also offers the potential to be tailored to meet the 

needs of individuals or specific groups (Huang et al., 2019).  The technology 

may be used to minimise barriers to improving health and has the potential to 

incorporate evidence-based techniques to initiate and sustain behaviour change 

(Teyhen et al., 2014). 

However, despite its widespread use and perception that it may be used for 

health promotion, there are many gaps in our understanding of how mHealth 

technology may be utilised to change behaviour and its potential impact on 

health outcomes.  While there is some evidence that mHealth may be an 

effective way to promote healthy behaviours including increasing PA and 

reducing SB (Schoeppe et al., 2016, Direito et al., 2017), reviews have found 

that many mHealth interventions are neither theory-based nor evidence-

informed (Fanning et al., 2012, Bort-Roig et al., 2014, Buijink et al., 2013, 

Knight et al., 2015).  As a result, it is unclear which components (or app 

features, for example) may be most impactful for changing behaviour.  Also, 

many studies of mHealth interventions have been short in duration (Fanning et 
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al., 2012, Bort-Roig et al., 2014, Afshin et al., 2016), and consequently little is 

known about their longer-term potential to sustain behaviour change.  

Furthermore, many existing systematic reviews in this field are of poor quality.  

Bardus and colleagues (2016) conducted a comprehensive ‘review of reviews’ 

of mHealth and Web 2.0 technologies for weight management, PA and diet-

related behaviours and found a number of limitations.  These included failing to 

report whether reviews were based on a protocol, not including grey literature, 

and omitting full lists of included and excluded studies.  As a result, only 16% of 

reviews were rated as high methodological quality.  Heterogeneity of studies 

and reviews was high and the authors identified a need for higher quality 

reviews to improve confidence in the findings (Bardus et al., 2016). 

mHealth interventions are complex in nature, as they are composed of multiple 

interacting components.  Further complexity is added through factors such as 

difficulty of implementation (Craig et al., 2008) and contextual factors including 

setting, population and timing of the intervention (Moore et al., 2014).  There is 

an increasing recognition of the importance of understanding not only what 

works, but how a complex intervention works, for whom, and in which 

circumstances (Moore et al., 2014).  Aspects such as feasibility, acceptability 

and engagement are of vital importance, and are emphasised by the UK 

National Institute for Health and Care Excellence (NICE) and Medical Research 

Council (MRC) (Moore et al., 2014, National Institute for Health and Care 

Excellence, 2007), but remain understudied in mHealth research (McCallum et 

al., 2018).  The use of qualitative and mixed methods studies that explore these 

factors has been recommended by the MRC (Moore et al., 2014).  There is a 

need to improve the process of planning, conducting and reporting digital health 

and mHealth studies and evaluating interventions according to MRC guidelines 

(Huang et al., 2019).The need to consider context and setting (including social, 

environmental and economic factors) in behaviour change interventions has 

been recognised (National Institute for Health and Care Excellence, 2007, 

Moore et al., 2014).  Different interventions are likely to be impactful and 

acceptable for different groups or populations.  To date, there are no known 

studies of the use of mHealth technology for the promotion of PA in the police 

force. 
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1.5 A case study in workplace wellness: Devon and Cornwall and Dorset Police 

and the PAW-Force intervention 

Health and wellbeing is a key priority for the Devon and Cornwall Police.  The 

organisation prides itself on setting a leading example by promoting a culture of 

health, wellbeing and resilience amongst its officers and staff (Devon and 

Cornwall Police, 2016).  A three-year wellness programme, ‘ActivAte 2020’ 

(also involving Dorset Police) began in 2017.  The programme included a range 

of individual and local initiatives within an organisational framework, designed to 

target three health behaviours: 

 Promotion of PA 

 Improving diet and nutrition 

 Improving sleep quality 

The PhD focused on the first component of the programme, the promotion of 

PA.  This involved a study of an mHealth intervention consisting of a 

smartphone app (Bupa Boost) and a wearable activity monitor (Fitbit® Charge 

2).  Bupa Boost is an app run by the private health insurer Bupa, and is 

available on both the Apple and Android platforms.  Bupa describe the app as: 

“a health and wellbeing tool designed to inspire you to set and achieve 
your own health goals.  Focusing on four key areas: nutrition, fitness, 
mindfulness and relaxation, you’ll be able to compete with colleagues 
and have fun as you improve your health” (Google Play, 2019).   

 

Bupa had an agreement with the Devon and Cornwall and Dorset Police forces 

to provide the app for free to officers and staff and to support research around 

the app.  The Fitbit® Charge 2 activity monitor was selected by the Devon and 

Cornwall Police, and was also supplied free of charge to study participants.  

The Fitbit® was able to synchronise (sync) with the Bupa Boost app.  Bupa 

Boost also has the ability to connect with other health and fitness apps and 

wearable devices to provide a single platform through which data can be 

combined and viewed. 

Together the Bupa Boost app and Fitbit® are known as the ‘Physical Activity 

Wearables in the Police Force (or PAW-Force) intervention’.  Discussions 

between stakeholders from the University of Exeter and Devon and Cornwall 

Police resulted in the decision to undertake a study to assess feasibility and 
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acceptability of the intervention for officers and staff, including an exploratory 

analysis of outcomes.  The study was labelled as a pilot study in accordance 

with recent definitions.  Pilot studies are considered a subset of feasibility 

studies; while feasibility studies are used to explore whether something can be 

done, should we proceed with it, and how, pilot studies additionally involve 

implementing an intervention and study processes on a smaller scale in 

preparation for a future study (Eldridge et al., 2016).  It was agreed that the 

results of the study may potentially be used to inform a future larger scale 

effectiveness trial, depending on funding and resources.   

Recognising the limitations of the ‘dual-hinge’ approach to PA and SB (see 

section 1.2), the primary aim of the PAW-Force study was to promote PA 

amongst officers and staff.  However, as the intervention included some 

components that could be used to target SB (such as prompts and cues), the 

reduction of SB was considered a secondary aim, with sedentary time included 

as an outcome.  A full description of the intervention and study methods 

(including rationale for the study design and outcomes) is given in Chapter 3. 

A systematic review of mHealth interventions for promoting PA and reducing SB 

in workplace settings (see Chapter 2) was conducted in parallel to the PAW-

Force study.  While the published review may be read as a standalone study, a 

key purpose of the review in this thesis was to provide a background for the 

PAW-Force study, including helping to inform the study design and specific 

research questions. 

 

1.6 Theoretical basis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

The PAW-Force intervention was provided ‘ready-made’ by the Devon and 

Cornwall Police Force and was therefore not based on any overarching theory.  

Despite this, concepts from a number of theories were used for various 

purposes throughout the thesis.  These included describing the intervention, 

designing the pilot study, and evaluating the findings. 

Specifically, the components of the PAW-Force intervention were described and 

classified according to the ‘Coventry, Aberdeen and London – Refined’ 

(CALO-RE) taxonomy, a standardised classification system of evidence-based 

behaviour change techniques (BCTs) for PA and healthy eating behaviours 
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(Michie et al., 2011b).  The Socio-Ecological Model (Bronfenbrenner, 1989, 

Stokols, 1996, Robinson, 2008) was used to explore the context of PA in the 

police force, including barriers and facilitators at different ‘levels’, i.e. individual, 

interpersonal, organisational, and community/environmental.  In addition, this 

model together with social influence theories such as Bandura’s social 

cognitive theory (Bandura, 1997), provided the basis for the ‘individual’ and 

‘social’ phases of the study.  The Technology Acceptance Model (Davis, 

1989, Holden and Karsh, 2010) was used to illustrate the findings in relation to 

the importance of perceived usability and usefulness in engagement and 

acceptability of the intervention.  A number of behaviour change models and 

theories were used in the interpretation of quantitative and qualitative findings, 

and to explain how the intervention worked to change behaviour.  The 

Capability, Opportunity, Motivation and Behaviour (COM-B) Model (Michie 

et al., 2011a) was the main model used to explain the mechanisms of change in 

the short and long term.  The Transtheoretical Model (Prochaska and 

DiClemente, 1983) was used to conceptualise readiness to change.  Concepts 

of intrinsic and extrinsic motivation, a component of Self-Determination 

Theory (Deci and Ryan, 2000), were also drawn on.  A description of each of 

the models and theories is given in the chapters in which they are used. 

 

1.7 Research paradigm and methodological approach 

A mixed methods approach is taken throughout the thesis.  This involves the 

use of quantitative and qualitative methods in the same study and integration of 

data (Tashakkori and Creswell, 2007).  Mixed methods can overcome some of 

the problems associated with the use of quantitative and qualitative methods 

alone, and can produce a whole greater than the sum of its parts (Barbour, 

1999).  A mixed methods approach is recommended for the evaluation of 

complex interventions (Moore et al., 2014).  Further detail on how mixed 

methods were used in the PAW-Force study is given in Chapter 3.   

A pragmatist paradigm is adopted for this research; this is the approach most 

commonly taken by mixed methods researchers (Tashakkori and Teddlie, 

2010).  Pragmatism emphasises the importance of methodology rather than 

metaphysics, and methodology is placed at the centre of epistemology (i.e. 

theory of knowledge) and methods.  The three main characteristics of 
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pragmatism are abduction, intersubjectivity and transferability (Morgan, 2007).  

The pragmatic approach allows abductive inference, i.e. a combination of 

inductive (data-driven) and deductive (theory-driven) reasoning.  The concept of 

intersubjectivity recognises that neither complete objectivity nor complete 

subjectivity is possible.  Transferability replaces the traditional 

qualitative/quantitative dichotomy of context-specific and generalisable findings 

(Morgan, 2007). 

 

1.8 Objectives of the PhD and PAW-Force study 

The overarching aims of the PhD were to: 

a) Conduct a systematic review to establish the evidence base surrounding 

the feasibility, acceptability and effectiveness of mHealth for the 

promotion of PA and reduction of SB in workplace settings 

b) Explore the context of PA and SB in the police force (including 

prevalence, opportunities, barriers and facilitators for these behaviours) 

and develop recommendations for future organisational policies to 

promote PA and reduce SB 

c) Design and conduct a mixed methods pilot study (with an embedded 

process evaluation) of a specific mHealth intervention for PA in the police 

force to determine feasibility, acceptability and impact.  This work was 

informed by the findings of the systematic review (a). 

d) Describe and evaluate the intervention according to: 

 Identification of key BCTs (using the CALO-RE taxonomy) 

 Relevant theories (e.g. theories of social support and influence, 

Socio-Ecological Model, COM-B Model, Technology Acceptance 

Model) 

 UK Medical Research Council (MRC) guidance for evaluation of 

complex interventions 
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Specific research questions to be addressed by the PAW-Force study were: 

1. What is the context (prevalence, opportunities, barriers, facilitators) of PA 

and SB in the police force? 

2. Is mHealth and fitness technology (the Fitbit® and Bupa Boost app) a 

feasible and acceptable intervention in the police force?  Including: 

 Participant expectations, experiences and engagement 

 Longer-term engagement and acceptability 

 Adverse events and unintended consequences 

 Implementation and delivery 

 Feasibility and acceptability at all levels of the organisation (i.e. as 

perceived by managers, commissioners and occupational health 

staff) 

3. Does the intervention assist police officers and staff in increasing PA and 

reducing sedentary time?  If so, who is likely to benefit most (e.g. 

baseline activity level, age, gender, occupation)? 

4. Which intervention components are preferred and potentially most likely 

to result in behaviour change? 

5. Are there any wider benefits in terms of improved health and wellbeing, 

reduced stress, improved productivity and reduced sickness absence? 

6. Will a future larger scale effectiveness trial be feasible and acceptable in 

this context?  Including a reflection on: 

 Reach and recruitment 

 Adherence and attrition 

 Comparison of study completers and non-completers 

 Feasibility and acceptability of data collection procedures and 

outcomes 

 Acceptability of study participation 

 

1.9 Overview of thesis 

The thesis is organised into eight chapters.  In Table 1, each chapter is related 

to the overall aims of the PhD and the specific research questions that were 

stated in section 1.8.   
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Table 1 Chapter titles with associated aims and research questions 

Chapter PhD aims PAW-Force 
study 

research 
questions 

Chapter 2 Mobile health interventions to promote 
physical activity and reduce sedentary behaviour in the 
workplace: A systematic review 

a N/A 

Chapter 3 The PAW-Force study: Intervention and 
methods  

c, d N/A 

Chapter 4 Participants, key baseline findings and context b, c, d 1, 6 

Chapter 5 Impact of the PAW-Force intervention c, d 3, 4, 5, 6 

Chapter 6 Acceptability of the intervention for police 
officers and staff 

c, d 2, 3, 4, 5, 6 

Chapter 7 Feasibility for the wider workforce and 
reflection on study methods 

c, d 2, 6 

Chapter 8 Integration of findings, discussion and 
conclusions 

a, b, c, d 1, 2, 3, 4, 5, 
6 

 

Chapter 2 includes the published systematic review of mHealth interventions to 

promote PA and reduce SB in the workplace.  This is a systematic evaluation of 

the existing evidence base relating to the effectiveness, feasibility and 

acceptability of mHealth in various workplace settings.  Twenty-five studies are 

included.  The review is framed within the thesis as a whole. 

In Chapter 3, the PAW-Force intervention and study methods are described.  

The rationale for the study design and specific methods is given.  The chapter 

includes a full description of the intervention and its components including 

coding of BCTs according to the CALO-RE taxonomy.  Quantitative and 

qualitative outcomes, data sources and analysis methods are outlined. 

In Chapters 4 to 7, the findings of the PAW-Force study are presented.  These 

chapters include detailed discussions of findings in relation to the current 

literature. 

In Chapter 4, the baseline study data (both quantitative and qualitative) are 

used to explore the context of PA and SB within the police force.  This includes 

an exploration of participant characteristics, baseline activity levels, perceived 

barriers and facilitators, and recommendations to improve PA and reduce 

sedentary time.   

In Chapter 5, the impact of the intervention is assessed, using quantitative data 

only.  This includes an exploratory analysis of the outcomes of PA, sedentary 
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time and wider outcomes (perceived health, wellbeing, stress, productivity and 

sickness absence). 

In Chapter 6, the quantitative and qualitative data are used to build a picture of 

the acceptability of the intervention, including aspects such as engagement, 

perceived usability and usefulness, and perceived impact. 

Chapter 7 includes an exploration of feasibility for the wider workforce and a 

reflection on study methods.  Feasibility for the wider workforce is considered 

according to the results of a survey with managers, commissioners and 

occupational health staff within the Devon and Cornwall and Dorset Police 

forces.  Implementation and delivery of the intervention is discussed in this 

chapter.  Quantitative and qualitative data are used together to reflect on the 

feasibility of study methods.  

Chapter 8 is the concluding chapter of the thesis.  The findings are discussed in 

relation to the overall aims of the PhD, and summaries of findings from the 

systematic review and the PAW-Force study are presented.  For each of the six 

study research questions, the main quantitative and qualitative findings are 

presented separately and overall contributions to knowledge are discussed.  

This chapter includes a discussion of strengths and limitations of the study, 

implications and impact for the police force, and implications for academia 

including recommendations for future research. 

 

1.10 Outputs from the thesis 

The following publications and presentations have arisen from the research 

presented in this thesis: 

 

Publications 

Buckingham, S.A., Williams, A.J., Morrissey, K., Price, L. & Harrison, J.  Mobile 

health interventions to promote physical activity and reduce sedentary 

behaviour in the workplace: A systematic review.  Digital Health 2019; 5: 1-50. 
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Buckingham, S.A., Morrissey, K., Williams, A.J., Price, L., & Harrison, J.  OP67 

The Physical Activity Wearables in the Police Force (PAW-Force) trial: 

Feasibility, acceptability and impact.  Journal of Epidemiology and Community 

Health 2019; 73: A32-A33. (conference abstract) 

A paper based on the results of the PAW-Force study is in preparation at the 

time of writing the thesis. 

 

Presentations 

Buckingham, S.A., Williams, A.J., Morrissey, K., Price, L. & Harrison, J. (2019).  

The Physical Activity Wearables in the Police Force (PAW-Force) trial: 

Feasibility, acceptability and impact (oral presentation).  Society for Social 

Medicine & Population Health and European Congress of Epidemiology, Cork, 

Ireland, 4th - 6th September 2019. 

Buckingham, S.A. (2019).  Physical Activity Wearables in the Police Force: The 

PAW-Force Trial Summary of Findings (oral presentation).  Plymouth BCU 

Health and Wellbeing Board Meeting, Crownhill, Plymouth, 10th June 2019. 

Buckingham, S.A. (2019).  Physical Activity Wearables in the Police Force 

(PAW-Force) trial: Summary of findings (oral presentation).  Peninsula Forum 

for Environment and Human Health, Truro, 23rd May 2019. 

Buckingham, S.A., Williams, A.J., Morrissey, K., Price, L. & Harrison, J. (2019).  

The Physical Activity Wearables in the Police Force (PAW-Force) trial: 

Quantitative findings (oral presentation).  UCL Centre for Behaviour Change 

Conference, London, 9th - 10th April 2019.   

Buckingham, S.A. (2019).  The Physical Activity Wearables in the Police Force 

(PAW-Force) trial: Summary of findings (oral presentation).  Devon & Cornwall 

Police and Dorset Police Joint Health and Wellbeing Strategic Coordination 

Group meeting, Middlemoor, Exeter, 19th February 2019.   

Buckingham, S.A., Williams, A.J., Morrissey, K., Price, L. & Harrison, J. (2018).  

Physical Activity Wearables in the Police Force, the ‘PAW-Force Trial’: Protocol 

and baseline results (poster presentation).  UCL Centre for Behaviour Change 

Conference, London, 21st - 22nd February 2018.   
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Buckingham, S.A. (2017).  The PAW-Force (Physical Activity Wearables in the 

Police Force) Trial Protocol (oral presentation).  Devon & Cornwall Police and 

Dorset Police ActivAte2020 Launch Event, Middlemoor, Exeter, 13th January 

2017. 

Although many of the above papers and presentations have joint authorship, 

the work contained in them is based on the research presented in this thesis. 
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CHAPTER 2 MOBILE HEALTH INTERVENTIONS TO PROMOTE PHYSICAL 

ACTIVITY AND REDUCE SEDENTARY BEHAVIOUR IN THE WORKPLACE: 

A SYSTEMATIC REVIEW 
 

2.1 Introduction 

A systematic review was undertaken to establish the existing evidence base 

relating to the use of mobile health (mHealth) interventions to promote physical 

activity (PA) and reduce sedentary behaviour (SB) in a workplace setting.  The 

review was accepted for publication in February 2019.  This chapter includes a 

brief overview of the rationale and development of the review (section 2.2), 

followed by the published manuscript (section 2.3) and concludes with a 

discussion of the findings within the wider context of the project (section 2.4).  

The review protocol including details of the search strategy, data extraction and 

quality assessment tools, is included in Appendix 1. 

 

2.2 Rationale and development 

It was necessary to conduct a systematic review for several reasons: 

1. To summarise the existing evidence base and gain a comprehensive 

understanding of the field; 

2. To identify gaps in the current literature and use these to inform the specific 

research questions for the PAW-Force study; 

3. To examine the quality of existing studies and use any identified 

methodological strengths or limitations to guide the design of the PAW-Force 

study. 

Initial scoping searches of existing systematic reviews in the field of mHealth 

interventions for PA and SB were performed.  It was apparent that there had 

been no prior reviews of such interventions specifically in a workplace setting, 

and that previous reviews had various limitations and inconsistent findings (see 

Introduction of published manuscript, section 2.3).  The content and format of 

these existing reviews were used as a guide for the development of the review 

protocol, and helped to identify relevant search terms, databases and sources 

of grey literature.  Development of the review protocol and subsequent conduct 

of the review was also informed by the Preferred Reporting Items for Systematic 
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reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009), with 

further guidance from the Cochrane handbook for systematic reviews of 

interventions (Higgins and Green, 2011) and the NHS Centre for Reviews and 

Dissemination (NHS Centre for Reviews and Dissemination, 2009).  The review 

question was developed around the ‘PICO’ framework, as recommended by 

Cochrane (Higgins and Green, 2011).  The ‘Population’ was defined as 

working adults (recruited in the workplace and/or the intervention is delivered in 

the workplace).  The ‘Intervention’ was defined as any programme with an 

mHealth tool as a major component, including smartphone apps and wearable 

activity monitors or trackers.  Experimental studies needed a ‘Comparison’ or 

‘Control’ group (e.g. wait-list control) to be included in the review, but quasi-

experimental and observational studies were also included if they had pre- and 

post-exposure data.  This was to maximise the number of studies for inclusion, 

increasing the breadth of the review.  ‘Outcomes’ of objective or self-reported 

(quantitative) measures of PA or SB were necessary for studies to be included, 

and secondary outcomes (e.g. health, wellbeing, productivity) were also 

examined, in addition to quantitative and qualitative measures of feasibility and 

acceptability.  Aspects such as feasibility and acceptability had been recognised 

as particularly lacking in mHealth studies (McCallum et al., 2018).  The 

overarching research question was therefore: “Are mHealth interventions 

effective, feasible and acceptable for promoting PA and reducing SB in 

workplace settings?”  Secondary questions were: 

 What are the most commonly used behaviour change theories and 

techniques? 

 Is there any evidence for subgroup differences (e.g. age, gender, shift 

workers, different occupations) in the effectiveness (or acceptability) of 

workplace mHealth interventions for PA and SB? 

 Are any other related outcomes (e.g. health, wellbeing, productivity) 

improved after mHealth interventions for PA promotion? 

 Where are the gaps in current knowledge surrounding the use of 

mHealth technology in PA promotion and SB reduction, and what are the 

implications for future research? 

The search strategy was developed from the ‘PICO’ framework and existing 

reviews.  A comprehensive list of search terms (including free text and 
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controlled vocabulary) was produced, piloted, and developed further based on 

the comprehensiveness and relevance of the search results, before being 

applied to all of the electronic databases (and sources of grey literature) defined 

in the protocol.  Details of data sources are provided in the Methods section of 

the published manuscript (see section 2.3).  The searches were updated twice 

(in February 2018 and December 2018) to identify new evidence; updated 

searches were recommended by peer reviewers and guidance (NHS Centre for 

Reviews and Dissemination, 2009, Higgins and Green, 2011).  The full search 

and screening log is presented in Appendix 1c.  

A data extraction form was designed to systematically and rigorously capture 

data from each of the studies, including the ‘PICO’ and the main quantitative 

and qualitative findings.  The form was piloted on a small number of studies 

(and checked by a second reviewer) before progressing with the complete data 

extraction process.  While various tools for assessment of study quality were 

available (such as the Cochrane Collaboration’s tool for assessing risk of bias 

(Higgins and Green, 2011), the Effective Public Health Practice Project 

(EPHPP) quality assessment tool for quantitative studies (Thomas et al., 2004) 

was felt to be most appropriate.  The decision to use this tool was taken due to 

its applicability to a wide range of study designs (i.e. not only randomised 

controlled trials, RCTs), its established validity and reliability, and suitability for 

health promotion interventions.  The templates for data extraction and quality 

assessment are included in Appendix 1d. 

The review protocol included the specification of methods for meta-analysis.  

While meta-analysis was attempted, it was found to be infeasible due to the 

heterogeneity of study designs and outcomes in the included studies.  This was 

further compounded by inconsistent and incomplete reporting of outcome data.  

The authors of the review agreed that a narrative synthesis approach was a 

suitable alternative; provision for this had been made in the protocol.  

The review protocol (Appendix 1a) was registered with the University of York 

Centre for Reviews and Dissemination PROSPERO database 

(CRD42017058856). 
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2.3 Published manuscript 

Title: Mobile health interventions to promote physical activity and reduce 

sedentary behaviour in the workplace: A systematic review 

Authors: Sarah Ann Buckingham, Andrew James Williams, Karyn Morrissey, 

Lisa Price, John Harrison 

Citation: Buckingham, S.A., Williams, A.J., Morrissey, K., Price, L. & Harrison, J.  

Mobile health interventions to promote physical activity and reduce sedentary 

behaviour in the workplace: A systematic review.  Digital Health 2019; 5: 1-50.   

 

ABSTRACT 

Objective: This systematic review aimed to assess the effectiveness, feasibility 

and acceptability of mobile health (mHealth) technology (including wearable 

activity monitors and smartphone applications) for promoting physical activity 

(PA) and reducing sedentary behaviour (SB) in workplace settings. 

Methods: Systematic searches were conducted in seven electronic databases 

(MEDLINE, SPORTDiscus, Scopus, EMBASE, PsycINFO, Web of Science and 

the Cochrane library).  Studies were included if mHealth was a major 

intervention component, PA/SB was a primary outcome, and participants were 

recruited and/or the intervention was delivered in the workplace.  Study quality 

was assessed using the Effective Public Health Practice Project (EPHPP) tool.  

Interventions were coded for behaviour change techniques (BCTs) using the 

Coventry, Aberdeen and London – Refined (CALO-RE) taxonomy. 

Results: 25 experimental and quasi-experimental studies were included.  

Studies were highly heterogeneous and only one was rated as ‘strong’ 

methodological quality.  Common BCTs included self-monitoring, feedback, 

goal-setting and social comparison.  14/25 (56%) studies reported a significant 

increase in PA, and 4/10 (40%) reported a significant reduction in sedentary 

time.  11/16 (69%) studies reported a significant impact on secondary outcomes 

including reductions in weight, systolic blood pressure and total cholesterol.  

While overall acceptability was high, a large decline in technology use and 

engagement was observed over time. 
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Conclusions: While methodological quality was generally weak, there is 

reasonable evidence for mHealth in a workplace context as a feasible, 

acceptable and effective tool to promote PA.  The impact in the longer term and 

on SB is less clear.  Higher quality, mixed methods studies are needed to 

explore the reasons for decline in engagement with time and the longer term 

potential of mHealth in workplace interventions. 

Protocol registration: The review protocol was registered with PROSPERO: 

CRD42017058856 

Key words: Systematic review, mobile health, physical activity, sedentary 

behaviour, workplace, occupational health, behaviour change. 

 

INTRODUCTION 

Physical inactivity is considered one of the biggest public health problems of the 

21st century (Blair, 2009).  Failing to meet the recommended guidelines is 

associated with an increased risk of morbidity due to cardiovascular disease, 

cancer and metabolic syndrome (Wannamethee and Shaper, 2001, Liu et al., 

2016, Metzger et al., 2010) and general mortality (Arem et al., 2015, Dwyer et 

al., 2015).  There is now also substantial evidence that sedentary behaviour is 

an independent predictor of poor health and mortality (Owen et al., 2010, 

Dunstan et al., 2011, Wilmot et al., 2012). 

Interventions to increase physical activity (PA) levels and reduce sedentary 

behaviour (SB) are clearly vital.  The workplace is viewed as an important 

setting for health promotion and disease prevention (Institute of Occupational 

Safety and Health, 2015).  Around half of weekday sitting time is work-related 

(Miller and Brown, 2004, Kazi et al., 2014) and up to 71% of working hours in 

office workers are spent sedentary (Clemes et al., 2014).  Occupational 

sedentary time is predicted to further increase in future with rises in automation 

and information technology use (Hendriksen et al., 2016a).  Promotion of PA in 

the workplace has many potential benefits, including improved health and 

wellbeing of employees and economic benefits for employers (Hendriksen et al., 

2016b). 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017058856
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Mobile health (mHealth) technology has rapidly gained popularity in the general 

population.  mHealth technology includes wearable PA monitors or trackers and 

smartphone applications (apps) designed to help people to manage their own 

health and wellbeing.  The potential value of mHealth in health promotion lies in 

its widespread appeal, accessibility and ability to reach large populations at a 

low cost (Sullivan and Lachman, 2016).  It also offers the potential for tailoring 

of interventions to the needs of individuals or specific groups. 

Studies have investigated the use of mHealth to promote PA in a range of 

settings, including the workplace (Sullivan and Lachman, 2016).  Whilst the 

results of clinical and general population studies suggest that mHealth may be a 

feasible and cost-effective way to promote PA (Direito et al., 2017), the findings 

of existing reviews have been inconclusive.  Some reviews have reported 

nonsignificant effects of mobile technology on PA levels (Flores Mateo et al., 

2015), and where beneficial effects are reported, effect sizes have generally 

been small (Fanning et al., 2012, Bort-Roig et al., 2014, Muntaner et al., 2016, 

Direito et al., 2017).  Additional limitations of previous reviews are the inclusion 

of studies where mHealth devices were used as a data collection tool rather 

than as an intervention in their own right (O'Reilly and Spruijt-Metz, 2013, Bort-

Roig et al., 2014), and a lack of a comprehensive description of interventions 

and study procedures (Fanning et al., 2012).  Furthermore, apart from two 

recent exceptions (Schoeppe et al., 2016, Direito et al., 2017), few reviews of 

mHealth interventions have assessed both PA and SB outcomes. 

Identification of behaviour change techniques (BCTs) using standardised 

taxonomies is important for recognition of effective and acceptable components, 

to allow replication and comparison of interventions, and to facilitate further 

development and testing of theories (Abraham and Michie, 2008).  There is also 

evidence that including established BCTs is associated with greater intervention 

effectiveness (Greaves et al., 2011).  Despite this, previous reviews have 

concluded that many mHealth interventions lack an explicit theoretical basis 

(Fanning et al., 2012, Bort-Roig et al., 2014) and it remains unclear which 

components are most effective and accepted (Sullivan and Lachman, 2016).  

Identification or coding of included BCTs, and identifying the theoretical basis of 

existing studies are therefore important gaps to address. 
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As mHealth is such a rapidly progressing field due to advances in technology, 

studies have increased exponentially in a short space of time.  Early reviews 

predominantly comprised studies of text messaging (SMS) interventions but the 

emergence of new technologies (e.g. tablets, commercial wearable activity 

monitors, and ‘exergaming’) means the evidence should be frequently reviewed 

in order to accurately reflect the current status.  Furthermore, the use and 

effectiveness of mHealth interventions in specific population groups remains 

unclear (Schoeppe et al., 2016).  It is important to consider setting or context in 

the evaluation of mHealth interventions as due to their complex nature, various 

components may produce different outcomes for different individuals in different 

settings (McCallum et al., 2018).  Workplace mHealth interventions may differ 

from general interventions in terms of both intervention content and timing of 

effectiveness (Stephenson et al., 2017).  To the authors’ knowledge, there has 

been no previous systematic review of mHealth technology for promoting PA 

and reducing SB in workplace settings.  A recent review of general digital health 

interventions in the workplace concluded that the evaluation of smartphone 

apps in this context is an important ‘next step’ for future research (Howarth et 

al., 2018). 

Employee populations potentially have much to gain from mHealth interventions 

for PA and SB, yet little is known about the impact of this technology in a 

workplace context.  Feasibility and acceptability are important aspects to 

consider but remain understudied and underreported (McCallum et al., 2018).  

This review therefore aims to provide a comprehensive synthesis of current 

evidence in relation to the effectiveness, feasibility and acceptability of mHealth 

interventions in the promotion of PA and reduction of SB in the workplace.  This 

includes a description of intervention content in terms of common BCTs using 

an established behaviour change taxonomy, and a consideration of subgroup 

differences and the wider impact of interventions on health and related 

outcomes. 
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METHODS 

Protocol and registration 

The review was conducted in accordance with the Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 

2009) (Additional file 1).  The protocol was registered with the University of York 

Centre for Reviews and Dissemination PROSPERO database 

(CRD42017058856). 

 

Data sources and search strategy 

Searches were conducted in the following databases: MEDLINE, 

SPORTDiscus, Scopus, EMBASE, PsycINFO, Web of Science and the 

Cochrane library (including the Cochrane Database of Systematic Reviews 

(CDSR), Cochrane Central Register of Controlled Trials (CENTRAL), Database 

of Abstracts of Reviews and Effect (DARE) and Health Technology Assessment 

(HTA)).  Studies with a publication date between January 2007 (around the time 

smartphones were introduced) and February 2017 were included, with no 

language restriction.  Full updated searches were later conducted to include 

studies to the end of February 2018, then to the end of December 2018.  A 

master search strategy was developed (Additional file 2) and revised for each 

database (see Additional file 3 for example search strategy for MEDLINE).  Both 

free text searching and controlled vocabulary were used, including key terms 

such as “mHealth”, “smartphone”, “application or app”, “activity monitor or 

tracker”, “physical activity”, “sedentary”, “workplace” and “occupation”. 

In addition, relevant studies were identified via forward and backward citation 

searching, including reference lists of included articles and published systematic 

reviews.  A search of grey literature, using the same key terms and for the same 

time period, included dissertations and theses (ProQuest Dissertations and 

Theses Global), ‘mHealth Evidence’, and the ‘Fitabase’ research library (studies 

using the Fitbit® activity tracker). 

 

 

http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017058856
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Inclusion criteria and study selection 

Both experimental (e.g. randomised controlled trials, RCTs) and quasi-

experimental (e.g. pre-post uncontrolled trials) study designs were included.  

Studies were included if they: 1) used mHealth (including mobile phone, 

smartphone apps, personal digital assistants (PDAs), tablets, wearable activity 

monitors/trackers) as a major component of the intervention, as stated by the 

authors or apparent from the context of the paper, 2) included a control or 

comparison group (experimental studies) or pre- and post- exposure data 

(quasi-experimental and observational studies), 3) recruited participants in the 

workplace and/or the intervention was delivered in the workplace, and 4) 

included any measure of PA and/or SB (self-reported or objective) as a primary 

quantitative outcome. 

Pilot and feasibility trials were included if they met the inclusion criteria.  

Interventions could be either standalone mHealth or multi-component (e.g. 

facilitated with telephone counselling).  The rationale for including multi-

component interventions was that many digital workplace interventions for PA 

and SB, as delivered in the real world, are part of multi-component health 

promotion programmes (Nuffield Health, 2018) and we wanted to maximise the 

number of studies for inclusion and scope of the review.  Interventions could be 

designed as an exclusive workplace or a wider lifestyle intervention (i.e. where 

the intervention was initiated or delivered in the workplace but also included 

activity outside of working hours).  Studies using smartphone apps for PA or SB 

alone or with other behaviours (e.g. diet, weight) were included. 

Exclusion criteria were studies reporting web-only interventions or traditional 

pedometers (i.e. not able to transmit data to a consumer interface), as these fall 

outside the realm of mHealth technology.  Interventions involving basic text 

messaging (SMS) alone were excluded as these have been more extensively 

reviewed in the past (Fanning et al., 2012), and are felt to be a different type of 

intervention than more advanced mHealth tools such as multimedia smartphone 

apps and activity monitors.  Studies using mobile devices for data collection 

only, and studies with clinical or student populations (i.e. school, college, 

university) were excluded.  Studies reporting only qualitative data, non-human 

studies, review articles and editorials, and reports published only as conference 

abstracts or proceedings were also excluded. 
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All search results were imported into EndNote X7 bibliographic software 

(Thompson Reuters, San Francisco, CA, USA) and duplicates removed.  Two 

independent reviewers (SAB and AJW) screened papers for eligibility by title 

and abstract followed by full text screening.  Disagreements were resolved 

through discussion and consulting a third reviewer (KM). 

 

Data extraction 

Standardised data extraction forms were completed by one reviewer (SAB) and 

verified by a second reviewer (AJW).  Any disagreements were resolved 

through discussion and consulting a third reviewer (KM).  The following data 

were captured: author; year; country; setting or workplace; study design; 

participants (number and characteristics); intervention description (type of 

mHealth technology or tool, intervention components including whether 

standalone mHealth or multi-component, theoretical basis, key motivational 

strategies or behaviour change techniques (BCTs), duration and frequency); 

control or comparator; study aim (i.e. improve PA and/or reduce SB); primary 

PA/SB outcome (including method of assessment); secondary outcomes; 

duration of follow-up; main study results including any relevant subgroup 

findings; details of acceptability, engagement and attrition.  Key within- and 

between-group quantitative findings were summarised for each study; 

significant effects were p<0.05. 

 

Study quality assessment 

Included studies were appraised using the Effective Public Health Practice 

Project (EPHPP) quality assessment tool for quantitative studies (Thomas et al., 

2004).  This tool was developed for health promotion interventions and was 

selected for its application to a wide range of study designs (e.g. RCTs, cohort 

trials and case-control studies).  The tool has demonstrated content and 

construct validity and both intra- and inter-rater reliability (Thomas et al., 2004, 

Armijo-Olivo et al., 2012). 

The EPHPP quality assessment tool assesses six domains: 1) selection bias; 2) 

study design; 3) confounders; 4) blinding; 5) data collection methods; and 6) 
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withdrawals and dropouts.  Each study was given a rating of ‘strong’, ‘moderate’ 

or ‘weak’ for each domain; based on this, a global rating was then assigned for 

each study - ‘strong’ (no weak ratings), ‘moderate’ (one weak rating) or ‘weak’ 

(two or more weak ratings).  Intervention integrity (proportion of participants 

receiving the intended intervention), fidelity of delivery (whether studies 

measured consistency of intervention) and appropriateness of analysis methods 

were also separately considered. 

Two independent raters (SAB and AJW) used the tool to assess risk of bias and 

study quality.  KM was consulted to resolve any uncertainties. 

 

Coding of BCTs 

Interventions in included studies were coded for BCTs using definitions 

provided in the ‘Coventry, Aberdeen and London – Refined’ (CALO-RE) 

taxonomy for PA and healthy eating behaviours (Michie et al., 2011b).  This 40-

item evidence-based taxonomy was selected as it was specifically designed for 

PA and healthy eating behaviours, and is widely used including to characterise 

smartphone apps for PA (Conroy et al., 2014) and wearable activity monitors 

(Mercer et al., 2016).  Content was coded for each intervention as a whole (i.e. 

mHealth and any additional components) using information from relevant results 

and protocol papers.  Coding was completed by two independent reviewers 

(SAB and AJW) who were trained in Michie et al.’s Behaviour Change 

Taxonomy v1 (Michie et al., 2013) and consensus was reached through 

discussion. 

 

RESULTS 

Study selection 

A flow diagram of the study selection process is shown in Figure 1.  A total of 

2,820 publications were identified in the initial searches (2,815 from databases 

and five from other sources).  After removal of duplicates, 1,897 publication 

titles and abstracts were screened.  The full text was obtained for 71 

publications; of these, 18 publications describing 15 studies (Brakenridge et al., 

2016a, Brakenridge et al., 2016b, Finkelstein et al., 2015, Finkelstein et al., 
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2016, Ganesan et al., 2016, Jones, 2016, Koyle, 2013, Patel et al., 2016a, Patel 

et al., 2016b, Poirier et al., 2016, Reijonsaari et al., 2009, Reijonsaari et al., 

2012, Rowe-Roberts et al., 2014, Schrager et al., 2017, Skogstad et al., 2016, 

Slootmaker et al., 2009, Thorndike et al., 2014, van Dantzig et al., 2013) met 

the criteria for inclusion.  An updated search to February 2018 found an 

additional five publications describing four studies (Gilson et al., 2016, Gilson et 

al., 2017, Losina et al., 2017, Neil-Sztramko et al., 2017, Yeung et al., 2017), 

and a second updated search to December 2018 found an additional seven 

publications for six studies (Gremaud et al., 2018, Olsen et al., 2018, Patel et 

al., 2018, Reed et al., 2018, Simons et al., 2018a, Simons et al., 2018b, 

Torquati et al., 2018), resulting in a total of 30 publications (25 studies) for 

inclusion in the review. 
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Figure 1 Flow diagram of study selection process 
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Study and intervention characteristics 

The characteristics of the 25 included studies are summarised in Table 2.  

Eleven studies were conducted in the USA (Losina et al., 2017, Yeung et al., 

2017, Jones, 2016, Koyle, 2013, Patel et al., 2016a, Patel et al., 2016b, Poirier 

et al., 2016, Schrager et al., 2017, Thorndike et al., 2014, Patel et al., 2018, 

Gremaud et al., 2018), five in Australia (Brakenridge et al., 2016a, Brakenridge 

et al., 2016b, Rowe-Roberts et al., 2014, Gilson et al., 2016, Gilson et al., 2017, 

Olsen et al., 2018, Torquati et al., 2018), two in Canada (Neil-Sztramko et al., 

2017, Reed et al., 2018), two in the Netherlands (Slootmaker et al., 2009, van 

Dantzig et al., 2013), one in Belgium (Simons et al., 2018a, Simons et al., 

2018b), Singapore (Finkelstein et al., 2015, Finkelstein et al., 2016), Finland 

(Reijonsaari et al., 2009, Reijonsaari et al., 2012), Norway (Skogstad et al., 

2016), and one in multiple countries (Ganesan et al., 2016).  Workplace settings 

included academic and academic medical institutions (Jones, 2016, Koyle, 

2013, Patel et al., 2016a, Schrager et al., 2017, Thorndike et al., 2014, Losina 

et al., 2017, Yeung et al., 2017, Gremaud et al., 2018, Patel et al., 2018), 

healthcare (Reed et al., 2018, Torquati et al., 2018), health insurance (Patel et 

al., 2016b, Rowe-Roberts et al., 2014), wellbeing improvement (Poirier et al., 

2016), property and infrastructure (Brakenridge et al., 2016a, Brakenridge et al., 

2016b), pension insurance (Reijonsaari et al., 2009, Reijonsaari et al., 2012), 

financial services (Olsen et al., 2018), road maintenance (Skogstad et al., 2016) 

and haulage (Gilson et al., 2016, Gilson et al., 2017).  Six studies targeted 

multiple organisations (Finkelstein et al., 2015, Finkelstein et al., 2016, 

Ganesan et al., 2016, Slootmaker et al., 2009, van Dantzig et al., 2013, Neil-

Sztramko et al., 2017, Simons et al., 2018a, Simons et al., 2018b).  Both public 

and private sector organisations were represented. 

The number of participants ranged from 20 in a feasibility cohort study (Neil-

Sztramko et al., 2017) to over 69,000 in a large international cohort study 

(Ganesan et al., 2016).  The majority of studies targeted sedentary, office-

based employees.  Sixteen of the 25 studies had a markedly higher proportion 

of female (≥ 60%) than male participants (Jones, 2016, Koyle, 2013, Patel et al., 

2016a, Patel et al., 2016b, Poirier et al., 2016, Reijonsaari et al., 2012, Rowe-

Roberts et al., 2014, Slootmaker et al., 2009, Losina et al., 2017, Neil-Sztramko 



   43 
 

et al., 2017, Yeung et al., 2017, Gremaud et al., 2018, Olsen et al., 2018, Patel 

et al., 2018, Reed et al., 2018, Torquati et al., 2018). 

The most common study designs were individual randomised controlled trials 

(RCTs, n = 10) (Finkelstein et al., 2015, Finkelstein et al., 2016, Koyle, 2013, 

Patel et al., 2016a, Patel et al., 2016b, Poirier et al., 2016, Reijonsaari et al., 

2009, Reijonsaari et al., 2012, Slootmaker et al., 2009, van Dantzig et al., 2013) 

(Gremaud et al., 2018, Patel et al., 2018) and pre-post prospective cohort 

studies (n = 10) (Ganesan et al., 2016, Gilson et al., 2016, Gilson et al., 2017, 

Losina et al., 2017, Neil-Sztramko et al., 2017, Rowe-Roberts et al., 2014, 

Schrager et al., 2017, Skogstad et al., 2016, Yeung et al., 2017, Olsen et al., 

2018, Torquati et al., 2018).  One study used a combination of these designs in 

two phases (Thorndike et al., 2014).  Other designs included cluster RCTs 

(Brakenridge et al., 2016a, Brakenridge et al., 2016b, Simons et al., 2018b), a 

parallel group uncontrolled randomised trial (Reed et al., 2018), and a 

prospective cluster trial with an asynchronous control group (Jones, 2016).  

Study duration varied greatly, with length of follow-up ranging from six weeks to 

12 months. 

Assessing the effectiveness, feasibility and/or acceptability of mHealth 

technology for PA promotion was the primary aim of 16 studies (Finkelstein et 

al., 2015, Finkelstein et al., 2016, Koyle, 2013, Patel et al., 2016a, Patel et al., 

2016b, Poirier et al., 2016, Reijonsaari et al., 2009, Reijonsaari et al., 2012, 

Rowe-Roberts et al., 2014, Schrager et al., 2017, Skogstad et al., 2016, 

Thorndike et al., 2014, Losina et al., 2017, Neil-Sztramko et al., 2017, Yeung et 

al., 2017, Patel et al., 2018, Reed et al., 2018, Simons et al., 2018b).  Six 

studies targeted both PA and SB in a single intervention (Ganesan et al., 2016, 

Jones, 2016, Slootmaker et al., 2009, Gilson et al., 2016, Gilson et al., 2017, 

Gremaud et al., 2018, Torquati et al., 2018) and three studies aimed to reduce 

SB (but also included PA as an outcome measure) (Brakenridge et al., 2016a, 

Brakenridge et al., 2016b, van Dantzig et al., 2013, Olsen et al., 2018).  

Although recruitment and/or delivery of the intervention took place in the 

workplace in all cases, 24 of the 25 studies used mHealth as a wider lifestyle 

intervention, including both workplace and non-workplace activity.  Only one 

study, designed to reduce SB, was exclusively based in the workplace (van 

Dantzig et al., 2013). 
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The main mHealth tools used were wearable activity monitors or trackers (n = 

11) (Finkelstein et al., 2015, Finkelstein et al., 2016, Jones, 2016, Poirier et al., 

2016, Reijonsaari et al., 2009, Reijonsaari et al., 2012, Rowe-Roberts et al., 

2014, Skogstad et al., 2016, Slootmaker et al., 2009, Thorndike et al., 2014, van 

Dantzig et al., 2013, Losina et al., 2017, Reed et al., 2018), smartphone apps (n 

= 6) (Ganesan et al., 2016, Koyle, 2013, Patel et al., 2016a, Patel et al., 2016b, 

Patel et al., 2018, Torquati et al., 2018) or a combination of the two (n = 8) 

(Brakenridge et al., 2016a, Brakenridge et al., 2016b, Schrager et al., 2017, 

Gilson et al., 2016, Gilson et al., 2017, Neil-Sztramko et al., 2017, Yeung et al., 

2017, Gremaud et al., 2018, Olsen et al., 2018, Simons et al., 2018b).  Some 

studies had additional mHealth and technology intervention components, 

including motivational or persuasive text messaging (Koyle, 2013, Poirier et al., 

2016, van Dantzig et al., 2013) or e-mails (Olsen et al., 2018), computer 

software or websites linked to the activity monitor (Finkelstein et al., 2015, 

Finkelstein et al., 2016, Jones, 2016, Poirier et al., 2016, Reijonsaari et al., 

2009, Reijonsaari et al., 2012, Skogstad et al., 2016, Slootmaker et al., 2009, 

Thorndike et al., 2014, van Dantzig et al., 2013, Losina et al., 2017, Neil-

Sztramko et al., 2017, Yeung et al., 2017, Reed et al., 2018), and dedicated 

social media groups (Torquati et al., 2018).  Eleven studies assessed mHealth 

as a standalone intervention (Ganesan et al., 2016, Poirier et al., 2016, Rowe-

Roberts et al., 2014, Schrager et al., 2017, Slootmaker et al., 2009, van Dantzig 

et al., 2013, Yeung et al., 2017, Gremaud et al., 2018, Reed et al., 2018, 

Simons et al., 2018b, Torquati et al., 2018), whereas 14 studies used mHealth 

in the context of a multi-component workplace health or PA programme 

(Brakenridge et al., 2016a, Brakenridge et al., 2016b, Finkelstein et al., 2015, 

Finkelstein et al., 2016, Jones, 2016, Koyle, 2013, Patel et al., 2016a, Patel et 

al., 2016b, Reijonsaari et al., 2009, Reijonsaari et al., 2012, Skogstad et al., 

2016, Thorndike et al., 2014, Gilson et al., 2016, Gilson et al., 2017, Losina et 

al., 2017, Neil-Sztramko et al., 2017, Olsen et al., 2018, Patel et al., 2018).  

Among the multi-component programmes in particular, interventions were 

diverse and additional components included educational materials on health 

and PA (Brakenridge et al., 2016a, Brakenridge et al., 2016b, Finkelstein et al., 

2015, Finkelstein et al., 2016, Koyle, 2013, Reijonsaari et al., 2009, Reijonsaari 

et al., 2012, Gilson et al., 2016, Gilson et al., 2017, Neil-Sztramko et al., 2017, 

Olsen et al., 2018), managerial support (Brakenridge et al., 2016a, Brakenridge 
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et al., 2016b), financial incentives or rewards (Finkelstein et al., 2015, 

Finkelstein et al., 2016, Patel et al., 2016a, Patel et al., 2016b, Skogstad et al., 

2016, Thorndike et al., 2014, Gilson et al., 2016, Gilson et al., 2017, Losina et 

al., 2017, Patel et al., 2018), shared active workstations (Jones, 2016), online or 

telephone counselling (Reijonsaari et al., 2009, Reijonsaari et al., 2012, Neil-

Sztramko et al., 2017), personalised feedback on activity (Gilson et al., 2016, 

Gilson et al., 2017, Losina et al., 2017), wellness education delivered in the 

workplace (Jones, 2016, Thorndike et al., 2014, Olsen et al., 2018), group-

based action planning (Olsen et al., 2018), and access to personal training and 

nutritionists (Thorndike et al., 2014).  Further detail on intervention content is 

given in Table 3.  

Intervention duration ranged from one to 12 months.  Frequency of delivery of 

the intervention components was variable but daily wear of activity monitors 

was encouraged in most studies.  Fifteen studies reported that the intervention 

was based on a named behaviour change theory and/or principles of 

behavioural economics (Finkelstein et al., 2015, Finkelstein et al., 2016, Jones, 

2016, Koyle, 2013, Patel et al., 2016a, Patel et al., 2016b, Poirier et al., 2016, 

van Dantzig et al., 2013, Losina et al., 2017, Neil-Sztramko et al., 2017, 

Gremaud et al., 2018, Olsen et al., 2018, Patel et al., 2018, Reed et al., 2018, 

Simons et al., 2018a, Simons et al., 2018b, Torquati et al., 2018).  A further two 

studies alluded to behaviour change techniques or theory in their discussion 

(Rowe-Roberts et al., 2014, Schrager et al., 2017), and eight studies had no 

clear theoretical basis (Brakenridge et al., 2016a, Brakenridge et al., 2016b, 

Ganesan et al., 2016, Reijonsaari et al., 2009, Reijonsaari et al., 2012, 

Skogstad et al., 2016, Slootmaker et al., 2009, Thorndike et al., 2014, Gilson et 

al., 2016, Gilson et al., 2017, Yeung et al., 2017).  The most frequently cited 

behaviour change theories were the Theory of Reasoned Action (Azjen and 

Fishbein, 1980), the Socio-Ecological Model (Robinson, 2008), Social Cognitive 

Theory and Self-Efficacy (Bandura, 1997), Self-Determination Theory (Deci and 

Ryan, 2000), other social influence theories such as self-presentation theory 

(Leary, 1992) and Cialdini’s social influence strategies (Cialdini, 2001), and the 

Health Action Process Approach (Schwarzer et al., 2011). 

A control or comparator group was present in 14 of the 25 studies (Brakenridge 

et al., 2016a, Brakenridge et al., 2016b, Finkelstein et al., 2015, Finkelstein et 
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al., 2016, Jones, 2016, Koyle, 2013, Patel et al., 2016a, Patel et al., 2016b, 

Poirier et al., 2016, Reijonsaari et al., 2009, Reijonsaari et al., 2012, Slootmaker 

et al., 2009, Thorndike et al., 2014, van Dantzig et al., 2013, Gremaud et al., 

2018, Patel et al., 2018, Simons et al., 2018b).  Of these, six could not be 

classed as a ‘true’ control group as the participants received at least a partial 

mHealth intervention (Koyle, 2013, Patel et al., 2016a, Patel et al., 2016b, van 

Dantzig et al., 2013, Gremaud et al., 2018, Patel et al., 2018), and another three 

studies supplied controls with wearable activity monitors for data collection 

(Jones, 2016, Poirier et al., 2016, Thorndike et al., 2014). 

Outcome measures of PA and SB were heterogeneous.  The most frequently 

used outcome measures for PA included daily step count, daily or weekly 

minutes or metabolic equivalent (MET) minutes of total activity or moderate-to-

vigorous PA (MVPA).  Other outcomes included exercise frequency and 

proportion of participants meeting step or PA goals.  Studies that assessed SB 

commonly reported daily or weekly sedentary time, although the one study 

using an exclusive workplace intervention used computer activity as a proxy for 

SB (van Dantzig et al., 2013).  Objective PA/SB outcomes were used in 20 

studies (Brakenridge et al., 2016a, Brakenridge et al., 2016b, Finkelstein et al., 

2015, Finkelstein et al., 2016, Jones, 2016, Koyle, 2013, Patel et al., 2016a, 

Patel et al., 2016b, Poirier et al., 2016, Rowe-Roberts et al., 2014, Thorndike et 

al., 2014, van Dantzig et al., 2013, Gilson et al., 2016, Gilson et al., 2017, 

Losina et al., 2017, Neil-Sztramko et al., 2017, Yeung et al., 2017, Gremaud et 

al., 2018, Olsen et al., 2018, Patel et al., 2018, Reed et al., 2018, Simons et al., 

2018b, Torquati et al., 2018) whilst four studies relied on self-report for the 

primary measure of PA or SB (Reijonsaari et al., 2009, Reijonsaari et al., 2012, 

Schrager et al., 2017, Skogstad et al., 2016, Slootmaker et al., 2009).  Ganesan 

and colleagues used pedometer data that was self-entered by participants 

(Ganesan et al., 2016).  
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Table 2 Characteristics of included studies 

Author 
Year 
Country 

Setting / 
workplace 

Study design Participants  
 

Type of 
mHealth 
technology / 
toola 

Intervention Control / 
comparison 
group(s) 

Aim Primary PA/SB 
outcome(s) 
(objective, OB or 
self-reported, SR) 

Secondary 
outcome(s) 

Length of 
follow-up 

Brakenridge 
et al. 2016a 
(protocol) 
Brakenridge 
et al. 2016b 
(results) 
 
Australia 

International 
property and 
infrastructure 
group 
(Lendlease) 

Cluster RCT n = 153 
54% M, 46% F 
 
Age 
IG: 37.6±7.8 
CG: 40.0±8.0 
 
Office workers 
(at least 0.5 
FTE) 

Wearable 
activity 
monitor and 
smartphone 
app 

Waist-worn 
‘LUMOback’ 
activity monitor 
(LUMO Bodytech, 
USA) and 
associated 
smartphone app 
with organisational 
support. 

Organisational 
support only – 
e.g. manager 
support, e-mails 
and educational 
materials. 

SB Average time per day 
spent sitting (work 
hours and overall)  
 
(OB, activPAL3TM 
accelerometer) 

Average time per day 
spent in prolonged 
sitting bouts (30 minutes 
or more), standing and 
stepping 
Daily steps 
Average time period 
between sitting bouts 
Job performance, job 
control and work 
satisfaction  
Stress, physical and 
mental health-related 
QoL 
Activity monitor usage 

12 months 

Finkelstein et 
al. 2015 
(protocol and 
baseline 
data) 
Finkelstein et 
al. 2016 
(results) 
 
Singapore 

13 
organisations 
(various 
industries and 
government 
sectors) 

RCT (4 arm) n = 800 
46% M, 54% F 
 
Age 
IG1: 35.4±8.3 
IG2: 35.5±8.6 
IG3: 35.5±8.4 
CG: 35.6±8.6 
 
Mostly desk-
based 
employees 
(full-time) 
 

Wearable 
activity 
monitor (and 
website) 

Waist-worn Fitbit 
Zip activity monitor 
(Fitbit, USA) and 
associated 
website.    
Monetary 
incentives: 
IG1 = Fitbit only 
IG2 = Fitbit and 
charity donation 
IG3 = Fitbit and 
cash 
Educational 
booklets on PA. 

No activity 
monitor or 
incentives. 
Educational 
booklets on PA 
only. 

PA MVPA bout minutes 
per week 
 
(OB, ActiGraphTM  GT-
3x+ accelerometer) 

Mean daily step count 
% of participants 
meeting 70,000 weekly 
step goal 
Weight 
Systolic BP 
Cardiorespiratory fitness 
Quality of life 
Weekly step count 
Sedentary, light, 
moderate and vigorous 
PA (minutes/week) 
Participants meeting 150 
minutes per week 
moderate PA 
Participants meeting 
10,000 daily step target 

12 months 

Ganesan et 
al. 2016 
 
64 countries 
(majority of 
participants 
from India 

481 
employers 
(private and 
public sector 
organisations) 
in 1481 cities 

Prospective 
cohort (pre- 
and post- 
uncontrolled) 

n = 69,219 
76% M, 24% F 
 
Age 
36.0±8.4 
 

Smartphone 
app 

Non-interactive 
pedometer and 
‘Stepathlon’ 
mobile app (also 
available as 
website). 

No control or 
comparison 
group 

PA + 
SB 

Daily steps 
 
(SR, pedometer data 
entered by 
participants) 

Number of exercise 
days/week 
Exercise duration (<30 
or ≥30 minutes/day) 
Sitting duration 
(hours/day) 
Weight in kilograms 

100 days 
(approx.) 
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(90.2%), 
Australia 
(5%), New 
Zealand 
(1.1%) and 
Singapore 
(0.6%)) 

Adult 
employees 

Gilson et al. 
2016 
(baseline 
data and 
smartphone 
use) 
Gilson et al. 
2017 
(results) 
 
Australia 

Two large 
Australian 
haulage 
companies 

Prospective 
cohort (pre- 
and post- 
uncontrolled 
feasibility 
study) 

n = 44 
100% M, 0% F 
 
Age 47.0±10.1 
 
Truck drivers 

Wearable 
activity 
monitor and 
smartphone 
app 

Wrist-worn 
Jawbone UP 
activity monitor 
(Jawbone, USA) 
used with 
associated 
smartphone app. 
Monetary 
incentives 
(vouchers for 
attaining step 
goals and logging 
diet) 

No control or 
comparison 
group 

PA + 
SB 

Proportions of work 
time and non-work 
time spent physically 
active, sedentary and 
stationary+ (i.e. sitting 
with upper limb 
movement or 
standing) 
 
(OB – GENEActivTM 
wrist accelerometer) 

Workday diet (fruit, 
vegetable, saturated fat 
and sugar intake) 
Engagement with the 
intervention 
Qualitative outcomes 
(interviews) –driver and 
depot manager 
experiences; perceived 
impact of the 
intervention; barriers to 
PA  

28 weeks 
(approx.) 

Gremaud et 
al. 2018 
 
USA 

Academic 
organisation 
(university) 

RCT n = 146 
25% M, 75% F 
 
Age 
IG: 40.6±11.7 
CG: 40.3±11.1 
 
Sedentary 
office workers 
(full-time) 

Wearable 
activity 
monitor and 
smartphone 
app (web-
based) 

Waist-worn Fitbit 
Zip activity monitor 
(Fitbit, USA) used 
with ‘MapTrek’ app 
for gamified 
walking. 

Activity monitor 
only 

PA + 
SB 

Daily steps 
Daily active minutes 
(minutes with ≥100 
steps/min) 
 
(OB – data from Fitbit) 

Bouts of sedentary 
behaviour (consecutive 
minutes with 0 steps) 

10 weeks 

Jones 2016 
 
USA 

Academic 
medical 
centre (Wake 
Forest Baptist 
Health) 

Prospective 
cluster trial 
(with 
asynchronous 
control group) 

n = 47 
18% M, 82% F 
 
Age 
Overall mean 
= 50.8, range 
25 to 74 years 
(SD not 
reported) 
 
Sedentary 
employees 

Wearable 
activity 
monitor (and 
computer 
software) 

Clip-on Fitbit One 
activity monitor 
(Fitbit, USA) and 
associated 
software, with 
wellness 
education. 
IG1 = Fitbit only 
IG2 = Fitbit and 
shared active 
workstations 

Usual treatment 
(blinded activity 
monitors for data 
collection) 

PA + 
SB 

Daily steps 
Daily sedentary time 
BMI 
 
(OB – steps and 
sedentary time from 
Fitbit.  BMI assessed 
objectively) 

Life satisfaction 
Anxiety (state and trait) 
Health-related quality of 
life 
Self-reported sleep 
patterns 

6 months 

Koyle 2013 
 
USA 

Academic 
medical 
centre 

RCT n = 73 
0% M, 100% F 
 

Smartphone 
app with 
integrated 

‘Adidas miCoach’ 
smartphone app to 

Smartphone app 
and educational 
materials (same 

PA Walking distance and 
duration 
 

Walking for exercise 
self-efficacy beliefs 

6 weeks 
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(University of 
Utah Health 
Care) 

Age 
46.5±7.6 
 
Physically 
inactive 
employees 
(<150 minutes 
exercise per 
week) 

accelerometer 
(and 
motivational 
text 
messages) 

track walking 
exercise. 
Educational 
materials on PA. 
Tailored 
motivational text 
messages. 
 

as intervention 
group).  No 
motivational text 
messages. 

(OB – smartphone 
app-integrated 
accelerometer for 
collection of PA data) 

Likeliness of 
participating in other 
forms of PA beyond 
walking 
Height and weight (BMI) 
Resting pulse rate 
Systolic BP 
Qualitative experiences 
of the intervention 
(survey) 

Losina et al. 
2017 
 
USA 

Academic 
medical 
centre 
(Brigham and 
Women’s 
Hospital, 
Boston, 
Massachusett
s) 

Prospective 
cohort (pre- 
and post- 
uncontrolled 
feasibility 
study) 

n = 292 
17% M, 83% F 
 
Age 38±11 
 
Sedentary, 
non-clinician 
hospital 
employees 

Wearable 
activity 
monitor (linked 
with websites) 

Wrist-worn Fitbit 
Flex activity 
monitor (Fitbit, 
USA) used with 
Fitbit website and 
study website for 
monitoring PA and 
progress. 
Monetary 
incentives 
(individual and 
team) for meeting 
PA goals. 

No control or 
comparison 
group 

PA Average weekly 
minutes of MVPA 
Proportion of 
participants meeting 
weekly MVPA goals 
and CDC PA 
guidelines 
 
(OB – step data from 
Fitbit converted to 
weekly minutes of 
MVPA) 

Fitbit wear adherence 
(number of weeks 
wearing Fitbit for ≥10 
hours/day and ≥4 
days/week) 
Participant satisfaction 
with programme 
 

26 weeks 
(including 
two pre-
intervention 
weeks) 

Neil-
Sztramko et 
al. 2017 
 
Canada 

Multiple 
workplaces in 
Greater 
Vancouver 
(nursing, 
emergency 
services, 
casinos and 
airport) 

Prospective 
cohort (pre- 
and post- 
uncontrolled 
feasibility 
study) 

n = 20 
0% M, 100% F 
 
Age 42.2±8.6 
 
Female shift 
workers 

Wearable 
activity 
monitor and 
smartphone 
app (or 
website) 

Wrist-worn Fitbit 
Flex activity 
monitor (Fitbit, 
USA) used with 
Fitbit app and/or 
website. 
Distance-based 
behavioural 
counselling 
(telephone/online) 

No control or 
comparison 
group 

PA MVPA (total 
minutes/week and 
minutes/week bouts 
≥10 mins) 
 
(OB - ActiGraphTM GT-
3x+ accelerometer) 

Daily steps 
Sedentary time 
(minutes/week bouts 
≥10 mins) 
Self-reported PA and 
sedentary time  
Body weight and BMI 
Physical and mental 
health-related QoL 
Sleep quantity and 
quality 
Feasibility outcomes: 
demand (reach and 
recruitment), 
implementation (delivery 
and resources) and 
acceptability (attrition 
and adherence to 
intervention, participant 
satisfaction). 

12 weeks 
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Olsen et al. 
2018 
 
Australia 

Financial 
services 
organisation 
(Brisbane) 

Prospective 
cohort (pre- 
and post- 
uncontrolled 
pilot) 

n = 49 
31% M, 69% 
Fb 
 
Age 39.5±8.7 
 
Flexible 
workers (e.g. 
work from 
home one 
day/week) 

Wearable 
activity 
monitor and 
smartphone 
app 

Wrist-worn 
Jawbone activity 
monitor (Jawbone, 
USA) used with 
associated app. 
Group-based 
action planning 
session. 
Weekly e-mail 
reminders and 
resources. 
Healthy living 
seminar. 

No control or 
comparison 
group 

SB Sitting time (including 
overall and 
occupational, 
minutes/day) 
 
(OB - ActiGraphTM GT-
3x+ accelerometer, 
also self-reported 
sitting time assessed 
using adapted version 
of Workforce Sitting 
Questionnaire) 
 

Light PA and MVPA 
(minutes/day, 
accelerometer-
assessed) 
Self-reported PA 
(minutes/week, 
assessed using adapted 
version of Active 
Australia survey) 
Acceptability of the 
intervention (survey-
assessed) 

6 weeks 

Patel et al. 
2016a  
(study 1) 
 
USA 

Academic 
organisation 
(University of 
Pennsylvania) 

RCT (4 arm) n = 281 (279 
completed 
baseline 
assessment) 
22% M, 78% F 
 
Age 
IG1: 37.1±10.9 
IG2: 40.3±11.2 
IG3: 41.9±11.6 
CG: 39.4±12.2 
 
Overweight 
and obese 
employees 
(BMI ≥27 
kg/m2) 

Smartphone 
app with 
integrated 
accelerometer 

‘Moves’ 
smartphone app 
(Proto Geo Oy, 
Finland) for step 
tracking. 
Daily feedback on 
steps. 
Monetary 
incentives: 
IG1 = gain 
incentive 
IG2 = lottery 
incentive 
IG3 = loss 
incentive 

Smartphone app 
and daily 
feedback (as 
intervention 
group).  No 
financial 
incentives. 

PA Proportion of 
participant-days 7000 
step goal achieved 
during intervention 
 
(OB – smartphone 
app-integrated 
accelerometer) 
 
 

Proportion of participant-
days 7000 step goal 
achieved during follow-
up 
Daily steps – 
intervention and follow-
up 

26 weeks 

Patel et al. 
2016b  
(study 2) 
 
USA 

Health 
insurance 
organisation 
(Independenc
e Blue Cross) 

RCT (4 arm) 
 

n = 304 
23% M, 77% F 
 
Age 
IG1: 39.3±10.2 
IG2: 38.7±10.2 
IG3:41.2±10.8 
CG: 43.2±10.0 
 
Mostly 
sedentary 
employees 

Smartphone 
app with 
integrated 
accelerometer 

‘Moves’ 
smartphone app 
(Proto Geo Oy, 
Finland) for step 
tracking. 
Daily feedback on 
steps. 
Monetary 
incentives: 
IG1 = individual 
IG2 = team 
IG3 = combined 

Smartphone app 
and daily 
feedback (as 
intervention 
group).  No 
financial 
incentives. 

PA Proportion of 
participant-days 7000 
step goal achieved 
during intervention 
 
(OB – smartphone 
app-integrated 
accelerometer) 
 
 

Proportion of participant-
days 7000 step goal 
achieved during follow-
up 
Daily steps – 
intervention and follow-
up 

26 weeks 

Patel et al. 
2018 
 

Academic 
organisation 

RCT (4 arm) n = 209 
23% M, 77% F 
 

Smartphone 
app with 

‘Moves’ 
smartphone app 
(Proto Geo Oy, 

Smartphone app 
and daily 
feedback (as 

PA Proportion of 
participant-days 7000 

Proportion of participant-
days 7000 step goal 

26 weeks 
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USA 
 
 
 

(University of 
Pennsylvania) 

Age 
IG1: 41.2±11.1 
IG2: 40.6±10.5 
IG3: 42.9±10.3 
CG: 40.0±11.0 
 
Overweight 
and obese 
employees 
(BMI ≥27 
kg/m2) 

integrated 
accelerometer 

Finland) for step 
tracking. 
Daily feedback on 
steps. 
Monetary 
incentives: 
IG1 = higher 
frequency, smaller 
reward lottery 
IG2 = jackpot 
lottery 
IG3 = combined 
lottery 

intervention 
group).  No 
financial 
incentives. 

step goal achieved 
during intervention 
 
(OB – smartphone 
app-integrated 
accelerometer) 

achieved during follow-
up 
Daily steps – 
intervention and follow-
up 

Poirier et al. 
2016 
 
USA 

Wellbeing 
improvement 
company 
(Healthways 
Inc) 

RCT n = 265 
34% M, 66% F 
 
Age 
IG: 40.3±11.4 
CG: 39.6±12.0 
 
Headquarter-
based 
employees 

Wearable 
activity 
monitor (linked 
with website, 
and optional 
text 
messages) 

Hip- or shoe-worn 
Pebble+ activity 
monitor (Fitlinxx 
Inc, USA) used 
with ‘Walkadoo’ 
internet-based 
program.  
Electronic 
messaging. 

One week of 
blinded activity 
monitor wear, 
then instructed 
to maintain their 
usual activity 
routine. 

PA Daily steps 
 
(OB – activity monitor 
and website) 

Proportion of 
participants increasing 
steps by 1000/day 
Engagement with 
intervention – wear time, 
e-mail opening and 
website visits  

6 weeks 

Reed et al. 
2018 
 
Canada 

Tertiary care 
cardiovascula
r institute 
(University of 
Ottawa Heart 
Institute) 

Parallel-group 
randomised 
trial (3 arm) 

n = 76 
3% M, 97% F 
 
Age 46.3±10.9 
 
Nurses 

Wearable 
activity 
monitor (linked 
with website) 

Ankle-worn 
Tractivity® activity 
monitor 
(Tractivity®, 
Vancouver, BC) 
linked with website 
for monitoring PA 
and taking part in 
challenges: 
IG1 = individual 
challenge 
IG2 = friend 
challenge 
IG3 = team 
challenge 

No control or 
comparison 
group  

PA MVPA (weekly 
minutes in bouts ≥10 
mins) 
Daily steps 
 
(OB – data from 
Tractivity® activity 
monitor) 

Body mass (kg) 
BMI 
Waist circumference 
Body fat % 
Resting systolic BP 

6 weeks 

Reijonsaari 
et al. 2009 
(protocol) 
Reijonsaari 
et al. 2012 
(results) 
 

Insurance 
company 

RCT n = 544 (521 
included in 
analysis) 
36% M, 64% F 
 
Age 
IG: 43±10.0 

Wearable 
activity 
monitor (linked 
with website) 

Belt-worn ‘AM 200’ 
activity monitor/ 
accelerometer 
(PAM BV, 
Netherlands) used 
with associated 
website. 

Educational 
materials on PA. 
Written results of 
fitness tests. 

PA Weekly MET-minutes 
of total activity 
Work productivity 
Sickness absence 
 
(SR – MET-minutes 
from IPAQ, 

Body weight (kg) 
Waist circumference 
(cm) 
Body fat percentage 
Systolic and diastolic BP 
(mmHg) 

12 months 
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Finland CG: 44±10.0 
 
Mainly clerical 
employees 
(working ≥8 
hours per 
week) 

Educational 
materials on PA. 
Written results of 
fitness tests. 
Distance 
counselling 
(telephone/online) 

productivity from QQ 
instrument but 
objective sickness 
absence data) 
 

Aerobic fitness (maximal 
oxygen uptake, VO2 
max, ml/kg/min) 

Rowe-
Roberts et al. 
2014 
 
Australia 

Private 
healthcare 
and insurance 
company 
(Australian 
Unity group) 

Prospective 
cohort 
(uncontrolled 
pilot) 

n = 212 
38% M, 62% F 
 
Age 
42% under 35 
35% 35-44 
15% 45-54 
8% 55+ 
 
Adult 
employees 

Wearable 
activity 
monitor 

Waist-worn Fitbit 
Ultra activity 
monitor (Fitbit, 
USA) 

No control or 
comparison 
group 

PA Daily steps 
 
(OB – step data from 
Fitbit) 

AUSDRISK (Australian 
Type 2 Diabetes Risk 
Assessment Tool) score 
Engagement with 
intervention (activity 
monitor wear) 
Qualitative outcomes 
(survey and focus 
groups) – experiences, 
engagement and 
activity, preferred 
motivational strategies 

7 months 

Schrager et 
al. 2017 
 
USA 

Academic 
emergency 
medicine 
residency 

Prospective 
cohort (pre- 
and post- 
uncontrolled 
pilot) 

n = 30 
53% M, 47% F 
 
Age 
Median 28 
years (IQR = 
4.0) 
 
Physicians on 
a single site 

Wearable 
activity 
monitor and 
smartphone 
app (or 
website) 

Wrist-worn Fitbit 
Flex activity 
monitor (Fitbit, 
USA) used with 
Fitbit app and/or 
website 

No control or 
comparison 
group 

PA Days per week with 
≥30 minutes PA 
 
(SR) 

Days per week with 
≥10,000 steps or ≥30 
minutes of active time 
(as measured by Fitbit at 
one month) 
Qualitative outcomes 
(survey) – adoption and 
use of device, measures 
of wellness, changes in 
PA behaviour 

6 months 

Simons et al. 
2018a (app 
development 
and 
feasibility) 
Simons et al. 
2018b 
(results of 
RCT) 
 
Belgium 

Multiple 
workplaces in 
Flanders, 
Belgium 
(including 
retail, 
catering, 
social 
employment 
and factories) 

Study 2, 
2018b = 
Cluster RCT 
(study 1, 
2018a was a 
qualitative 
evaluation and 
impact on 
PA/SB not 
reported) 

n = 130 (29 
clusters) 
49% M, 51% F 
 
Age 
IG: 24.8±3.1 
CG: 25.1±3.0 
 
Lower 
educated (i.e. 
no university 
or college 
degree) 
working young 
adults, not 
meeting PA 

Wearable 
activity 
monitor and 
smartphone 
app 

Wrist-worn Fitbit 
Charge activity 
monitor (Fitbit, 
USA) used with 
‘Active Coach’ app 
for monitoring PA 

Educational 
brochure on PA 
only (generic 
information) 

PA Daily minutes of light, 
moderate and 
vigorous intensity PA 
 
(OB - ActiGraphTM  
GT-3x+ 
accelerometer) 
  

Daily steps (from Fitbit) 
Self-reported context-
specific PA (IPAQ) 
Psychosocial variables: 
social support, attitude 
(perceived benefits and 
barriers), self-efficacy, 
knowledge and 
intentions 
Engagement: usage 
statistics  
Process evaluation 
interviews: Opinions on 
Fitbit and app (e.g. 
usability, preferred 
features) 

21 weeks 
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guidelines at 
baseline (<150 
minutes 
MVPA/week) 

 

Skogstad et 
al. 2016 
 
Norway 

Road 
maintenance 
enterprise 

Prospective 
cohort (pre- 
and post- 
uncontrolled) 

n = 121 
64% M, 36% F 
 
Age 
M = 41.8±12.0 
F = 42.6±12.5 
 
24% road 
workers, 76% 
office workers 

Wearable 
activity 
monitor (linked 
with website) 

Wrist-worn 
Tappa® activity 
monitor/ 
accelerometer 
used with 
associated 
website (Dytt®) for 
step tracking.   
Rewards given for 
best 
performances. 

No control or 
comparison 
group 

PA Weekly exercise 
frequency and 
duration 
 
(SR) 

Aerobic fitness (maximal 
oxygen uptake, VO2 
max, ml/kg/min) 
Systolic and diastolic BP 
(mm Hg) 
Resting heart rate 
Lipids (total, HDL and 
LDL cholesterol) 
C-reactive protein (CRP) 
Glycosylated 
haemoglobin (HbA1c) 

8 weeks 
(approx.) 

Slootmaker 
et al. 2009 
 
Netherlands 

8 worksites 
surrounding 
Amsterdam 
(mainly office 
settings) 

RCT n = 102 
40% M, 60% F 
 
Age 
IG: 32.5±3.4 
CG: 31.2±3.5 
 
Mainly office 
workers 

Wearable 
activity 
monitor (linked 
with website) 

Belt-worn ‘AM 101’ 
activity monitor/ 
accelerometer 
(PAM BV, 
Netherlands) used 
with associated 
website (PAM 
COACH). 

Educational 
booklet on PA 
only 

PA + 
SB 

Weekly PA and 
sedentary time – 
weekly minutes of 
light, moderate and 
vigorous intensity 
activity and sedentary 
minutes 
 
(SR – assessed by the 
AQuAA questionnaire) 

Self-reported 
determinants of PA –  
including behavioural 
intention, attitude, social 
influence, self-efficacy, 
knowledge of PA 
recommendations 
Aerobic fitness (maximal 
oxygen uptake, VO2 
max, ml/kg/min) 
Body composition – 
body weight and height 
(BMI), waist and hip 
circumference, skin fold 
thickness (% body fat) 

8 months 

Thorndike et 
al. 2014 
 
USA 

Healthcare 
organisation 
(Massachuset
ts General 
Hospital) 

Phase 1 = 
RCT Phase 2 
= team-based 
prospective 
cohort (pre- 
and post- 
uncontrolled) 

n = 104 
46% M, 54% F 
 
Age 
Mean and 
range (SD not 
reported) 
IG: 29 (23-36) 
CG: 29 (25-
37)  
 
Physicians-in-
training 

Wearable 
activity 
monitor (linked 
with website) 

Fitbit activity 
monitor (Fitbit, 
USA) used with 
Fitbit website. 
Gift card lottery for 
wearing device 
(phase 1) and 
highest steps 
(phase 2). 
Workplace 
initiatives: access 
to fitness centres, 
personal training 
and nutritionists, 

Phase 1 – 
blinded activity 
monitor (no 
access to 
website). 
Gift card lottery 
and workplace 
initiatives (as 
intervention 
group). 
 
Phase 2 – no 
control or 
comparison 
group 

PA Daily step count 
(phase 1 median and 
mean steps/day, 
phase 2 mean 
steps/day) 
 
(OB – step data from 
Fitbit) 

Proportion of days 
activity monitor was 
worn (i.e. compliance) 
Weight 
BMI 
Waist circumference 
Systolic and diastolic BP 
Lipids (total, HDL and 
LDL cholesterol) 
Use/engagement with 
the wider wellness 
programme (e.g. fitness 
centre, nutrition) 

12 weeks 
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weekly healthy 
lunch 

Torquati et 
al. 2018 
 
Australia 
 

Two 
metropolitan 
hospitals in 
Brisbane 
(private and 
public) 

Prospective 
cohort (pre- 
and post- 
uncontrolled 
pilot) 

n = 47 
13% M, 87% F 
 
Age 41.4±12.1 
 
Nurses and 
nursing 
managers 

Smartphone 
app 

Smartphone app 
for PA and diet 
with non-
interactive 
pedometer and 
dedicated 
Facebook group 

No control or 
comparison 
group 

PA + 
SB 

Time spent sedentary 
and in light activity and 
MVPA 
Daily steps 
 
(OB - ActiGraphTM  
GT-3x+ 
accelerometer) 

Diet behaviour: Food 
Frequency 
Questionnaire (FFQ) 
Weight 
BMI 
Waist circumference 
Blood pressure 
Self-rated health 
PA and diet self-efficacy 
Social support 
Feasibility outcomes 
(including qualitative 
interviews): reach, 
adoption (use) and 
implementation 

6 months 

van Dantzig 
et al. 2013 
 
Netherlands 
 

Offices at 
various 
companies in 
Netherlands 
(no further 
detail given)  

Experiment 2 
= RCT 
(experiment 1 
was a small 
qualitative 
evaluation and 
impact on 
PA/SB not 
reported)  

n = 86 
60% M, 40% F 
 
Age 
IG: 44.5±7.9 
CG: 44.3±8.0 
 
Sedentary 
office workers 

Wearable 
activity 
monitor (linked 
with website, 
and 
persuasive 
text 
messages) 

Clip-on 
commercial 
activity monitor 
(tri-axial 
accelerometer, 
model not stated) 
linked with 
personal web 
page for viewing 
PA data. 
Timely persuasive 
text messages on 
smartphones. 

Activity monitor 
only. 
No text 
messages. 

SB Computer activity 
(minutes, proxy for 
SB) 
Physical activity 
(minutes) 
 
(OB – computer 
activity from computer 
software; PA from 
activity monitor) 

Engagement with the 
intervention (proportion 
of text messages read) 

6 weeks 

Yeung et al. 
2017 
 
USA 

Academic 
hospital 
residency 
(Cincinnati, 
Ohio) 

Prospective 
cohort (pre- 
and post- 
uncontrolled 
crossover 
study) 

n = 86 
38% M, 62% 
Fb 
 
Ageb 
62% 21-30 
31% 31-40 
5% 41-50 
 
Internal 
medicine 
residents 

Wearable 
activity 
monitor and 
smartphone 
app (or 
website) 

Wrist-worn Fitbit 
Flex (Fitbit, USA) 
used with Fitbit 
app and/or 
website for 
monitoring steps 
(weeks 1-4 
blinded, weeks 5-8 
unblinded).  
Optional in-app 
activity tracking 
group for weeks 5-
8. 

No control or 
comparison 
group 

PA Daily steps 
(comparison of blinded 
vs. unblinded periods) 
 
(OB – step data from 
Fitbit) 

Proportion of 
participants achieving 
≥10,000 steps/day  

8 weeks 
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Notes: 

M = Male; F = Female; IG = Intervention Group; CG = Control/Comparison Group; FTE = Full Time Equivalent; PA = Physical Activity; SB = Sedentary Behaviour; OB = Objective; SR = Self-Reported; QoL = 

Quality of Life; RCT = Randomised Controlled Trial; ± or SD = Standard Deviation; MVPA = Moderate-to-Vigorous Physical Activity; BP = Blood Pressure; BMI = Body Mass Index; MET = Metabolic 

Equivalent; IPAQ = International Physical Activity Questionnaire; QQ = Quantity and Quality questionnaire; IQR = Interquartile Range; HDL = High Density Lipoprotein; LDL = Low Density Lipoprotein; 

AQuAA = Activity Questionnaire for Adolescents and Adults; CDC = Centers for Disease Control and Prevention 

a Tools may be referred to as activity monitors or trackers in the literature; the term ‘monitor’ is used here for consistency 

b Yeung et al. and Olsen et al. report gender and age of study completers only 
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Table 3 Summary of intervention components 

Study Intervention 
description 
 
Standalone mHealth 
(SA) or multi-

component 
programme (MC)? 

 

Duration of 
intervention 

Frequency of 
intervention 
(if 
applicable) 

Theoretical 
basis of 
intervention 

Behaviour change techniques (BCTs) included (whole intervention) 
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Brakenridge 
et al. 2016a; 
Brakenridge 
et al. 2016b 

Wearable activity 
monitor and 
smartphone app for 
feedback on sitting, 
standing, stepping, 
sitting breaks, posture 
and sleep. 
 
MC: organisational 
support (e-mails, 
educational materials) 

12 months 
(although main 
focus, e.g. e-
mails was in 
the first 12 
weeks) 

Ad lib wear of 
activity 
monitor and 
use of 
smartphone 
app. 
Fortnightly e-
mails for first 
12 weeks. 

None stated ? Y Y Y N N N Y Information on 
where and when to 
perform behaviour 

Finkelstein 
et al. 2015; 
Finkelstein 
et al. 2016 

Wearable activity 
monitor used with 
website including 
social components. 
 
MC: 2 of the 3 
intervention groups 
earned weekly 
incentives for step 
count (cash vs. charity) 
Educational booklets 
on PA. 

6 months Daily wear of 
activity 
monitor. 
Incentives for 
weekly step 
counts 
distributed 
every 4-6 
weeks. 

Economic theory 
and Theory of 
Reasoned 
Action 

Y Y N Y Y Y Y Y  

Ganesan et 
al. 2016 

‘Stepathlon’ mobile 
app (also available as 
website).  Participants 

100 days Daily e-mails 
to encourage 

None stated ? Y Y Y N Y Y Y  
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self-entered daily 
activity data and steps 
from pedometers.  
Included personalised 
tools for self-
monitoring PA and 
dietary intake, quizzes, 
motivational e-mails, 
online community and 
chat for interactive 
advice / expert 
guidance, social 
networking, 
competitions and 
health information.  
Also gamification – 
race around a virtual 
world map. 
 
SA 

daily activity 
data entry. 

Gilson et al. 
2016;  
Gilson et al. 
2017 

Wearable activity 
monitor used with 
associated 
smartphone app for 
monitoring steps and 
diet. 
 
MC: Part of the 
‘Shifting Gears’ 
programme.  Earning 
points and financial 
rewards for attaining 
step goals and logging 
diet. 
Educational materials 
on PA and diet. 
Personalised feedback 
and guidance from 
researchers. 

20 weeks Ad lib wear of 
activity 
monitor and 
use of 
smartphone 
app. 
Personalised 
feedback and 
guidance from 
researcher 
every 4 
weeks. 
Rewards at 
end of 
programme. 

None stated Y Y N Y Y Y N Y Information on 
where and when to 
perform behaviour 
Action planning 
Graded tasks 

Gremaud et 
al. 2018 

Wearable activity 
monitor used with 
‘MapTrek’ app 
(smartphone or web-
based) for gamification 
of walking, including 
virtual ‘avatar’ and 

10 weeks Daily wear of 
activity 
monitor. 
Ad lib use of 
smartphone 
app. 

Cognitive 
evaluation/self-
determination 
theories and 
Social Cognitive 
Theory  

Y Y Y Y Y N Y N  
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races, including a 
social competitive 
element and 
automated text 
messages based on 
PA. 
 
SA 

Jones 2016 Wearable activity 
monitor used with 
software installed on 
work computers.  
Included monitoring 
progress towards step 
and activity goals, 
competing against 
colleagues and 
earning incentives and 
awards for meeting 
step targets. 
 
MC: One intervention 
group used shared 
active workstations.   
Group wellness 
education delivered in 
the workplace. 

6 months Daily wear of 
activity 
monitor.   
Use of active 
desks for at 
least 30 
minutes a day, 
5 days a 
week. Monthly 
wellness 
education. 

Socio-Ecological 
Model 

Y Y N Y Y Y Y Y Environmental 
restructuring 

Koyle 2013 ‘Adidas miCoach’ 
smartphone app with 
integrated 
accelerometer.  
Motivational text 
messages tailored 
based on initial app-
delivered fitness test 
and walking logs. 
 
MC: Part of a health 
promotion programme 
including educational 
materials on PA. 

6 weeks Ad lib use of 
smartphone 
app.  Weekly 
motivational 
text 
messages. 

Self-Efficacy 
Theory (part of 
Social Cognitive 
Theory) 

Y Y Y Y N N N Y Action planning 

Losina et al. 
2017 

Wearable activity 
monitor used with 
websites to monitor 
steps and PA, 

24 weeks Daily wear of 
activity 
monitor. 

Behavioural 
economic theory 

Y Y N Y Y Y N N Graded tasks 
Shaping 
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including individual 
and team progress. 
 
MC: Monetary 
incentives (individual 
and team) for meeting 
PA goals.  
Personalised weekly e-
mails for feedback on 
MVPA. 

Weekly 
financial 
rewards. 
Weekly 
feedback e-
mails. 

Neil-
Sztramko et 
al. 2017 

Wearable activity 
monitor used with 
associated app and/or 
website to monitor 
steps and PA. 
 
MC: Individualised 
behavioural 
counselling 
(telephone/online – all 
participants chose 
telephone). 

12 weeks Ad lib wear of 
activity 
monitor and 
use of 
smartphone 
app. 
8 counselling 
sessions over 
12 weeks. 

Health Action 
Process 
Approach 
(HAPA) 

Y Y N Y N Y N Y Barrier 
identification/proble
m solving 

Olsen et al. 
2018 

Wearable activity 
monitor used with 
associated app for 
self-monitoring, social 
support and prompts to 
reduce SB. 
 
MC: Group-based 
goal-setting, action 
planning and problem 
solving session 
delivered in workplace. 
Weekly e-mail 
reminders and 
information resources. 
Healthy living seminar 
delivered in workplace 
(week 4). 

6 weeks Ad lib wear of 
activity 
monitor and 
use of 
smartphone 
app. 
Weekly e-
mails. 
One group-
based session 
and one 
seminar. 

Social Cognitive 
Theory 

Y Y Y Y N Y Y Y Action planning 
Barrier 
identification/proble
m solving 
Information on 
where and when to 
perform behaviour 
Instruction on how to 
perform behaviour 

Patel et al. 
2016a 

‘Moves’ smartphone 
app with integrated 
accelerometer.  
Feedback on steps. 
 

13 weeks Ad lib use of 
smartphone 
app (instructed 
to carry phone 
when active). 

Behavioural 
economics – 
immediate vs. 
delayed 
gratification, 

Y ? N Y Y N N N Action planning 
Prompt anticipated 
regret 
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MC: The three 
intervention groups 
received differently 
framed financial 
incentives for 
achieving step goals 
(gain, lottery and loss). 

Daily feedback 
and 
incentives. 

prospect theory 
and regret 
aversion. 

Patel et al. 
2016b 

‘Moves’ smartphone 
app with integrated 
accelerometer.  
Feedback on steps. 
 
MC: The three 
intervention groups 
received differently 
framed financial 
incentives for 
achieving step goals 
(individual, team and 
combined). 

13 weeks Ad lib use of 
smartphone 
app (instructed 
to carry phone 
when active). 
Daily feedback 
and 
incentives. 

Behavioural 
economics; 
variable 
reinforcement; 
social behaviour 
change theories 

Y ? N Y Y N Y N Action planning 

Patel et al. 
2018 

‘Moves’ smartphone 
app with integrated 
accelerometer. 
Feedback on steps. 
 
MC: The three 
intervention groups 
received differently 
framed financial 
incentives for 
achieving step goals 
(high frequency small 
reward lottery, jackpot 
lottery and combined 
lottery). 

13 weeks Ad lib use of 
smartphone 
app (instructed 
to carry phone 
when active). 
Daily feedback 
and 
incentives. 

Behavioural 
economics – 
immediate vs. 
delayed 
gratification, 
prospect theory 
and regret 
aversion. 

Y ? N Y Y N N N Action planning 
Prompt anticipated 
regret 

Poirier et al. 
2016 

Wearable activity 
monitor used with 
website (data 
transmitted wirelessly) 
for monitoring steps.  
Tailored goals based 
on activity.  
Motivational electronic 
messages (optional).  
Virtual rewards, social 

6 weeks Daily wear of 
activity 
monitor. 
Messages up 
to 4 times/day 
(optional). 

Tailored, 
adaptive goals 
based on 
behavioural 
economics and 
operant shaping. 

Y Y Y Y Y Y Y N Shaping 
Information about 
others’ approval 
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messaging and 
competitions. 
 
SA 

Reed et al. 
2018 

Wearable activity 
monitor linked with 
website for monitoring 
PA and steps and 
taking part in one of 
three challenges 
(individual, friend or 
team) 
 
SA 

6 weeks Daily wear of 
activity 
monitor. 
Ad lib use of 
website.  

Social behaviour 
change theories 
including self-
presentation 
theory 

? Y N Y N N Y N  

Reijonsaari 
et al. 2009; 
Reijonsaari 
et al. 2012 

Wearable activity 
monitor used with 
website for goal-setting 
and PA monitoring. 
 
MC: Personalised 
distance counselling 
and support (online 
and telephone).  
Written information on 
fitness test results, PA 
and health. 

12 months Daily wear of 
activity 
monitor. 
Phone call or 
message from 
coach if did 
not log on to 
website every 
two weeks to 
upload PA 
data. 

None stated Y Y Y Y N Y N Y  

Rowe-
Roberts et 
al. 2014 

Wearable activity 
monitor for monitoring 
steps.  Participants 
were offered an 
optional additional 
device for 
friends/family midway 
through the 
intervention for social 
support and 
competition. 
 
SA 

7 months Daily wear of 
activity 
monitor. 

None stated 
(although 
mentioned 
Transtheoretical 
Model in 
discussion) 

N Y N N N Y Y N  

Simons et 
al. 2018a; 
Simons et 
al. 2018b  

Wearable activity 
monitor used with 
‘Active Coach’ 
smartphone app for 
goal-setting, self-
monitoring, and 

9 weeks Daily use of 
activity 
monitor and 
app 
encouraged 

Self-
determination 
theory (and 
BCTs identified 
during app 
development) 

Y Y Y Y N Y N Y Barrier 
identification/proble
m solving 
Graded tasks 
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tailored information to 
promote PA 
 
SA 

Information on 
where and when to 
perform behaviour 
Instruction on how to 
perform behaviour 

Skogstad et 
al. 2016 

Wearable activity 
monitor used with 
associated website to 
monitor PA and 
compete against 
colleagues individually 
and in teams.  
Gamification – virtual 
internet mountain 
track. 
 
MC: Part of an 
organised 8-week 
workplace PA 
programme (‘Dytt®’).  
Rewards given for best 
performances. 

8 weeks Daily wear of 
activity 
monitor and 
ad lib use of 
website. 
Weekly PA 
results posted 
on intranet. 
Rewards at 
end of 
programme. 

None stated N Y N N Y N Y N  

Slootmaker 
et al. 2009 

Wearable activity 
monitor used with 
website to monitor PA 
(data uploaded via 
docking station and 
software on work 
computers).  Website 
provided tailored goal-
setting and PA advice.  
Comparison of PA 
scores with peers. 
 
SA 

3 months Daily wear of 
activity 
monitor. 
Ad lib use of 
website. 

None stated Y Y N Y N N Y Y Action planning 
Graded tasks 

Thorndike 
et al. 2014 

Wearable activity 
monitor used with 
website to monitor 
steps, PA, weight and 
diet.  Included 
gamification – virtual 
‘avatar’ on activity 
monitor screen that 
changed size with 

12 weeks 
(phase 1 = 6 
weeks,  
phase 2 = 6 
weeks) 

Daily wear of 
activity 
monitor and 
ad lib use of 
website. 
Weekly e-mail 
reminders to 
charge device 
and with 

None stated N Y N Y Y N Y N  
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varying level of PA / 
SB. 
Phase 1 = individual 
monitoring 
Phase 2 = team-based 
steps competition 
 
 
MC: Part of a 10-week, 
team-based worksite 
wellness programme 
(‘BeFit’) – included 
access to personal 
training and 
nutritionists. 
Lottery to reward 
device wear and 
attainments (highest 
steps). 

details of gift 
card lottery. 
 

Torquati et 
al. 2018 

Smartphone app for 
PA and diet (goal-
setting) with non-
interactive pedometer 
(self-monitoring) and 
dedicated Facebook 
group (social support) 
 
SA 

3 months Ad lib use of 
smartphone 
app and 
Facebook 
group 

Social Cognitive 
Theory, goal-
setting theory 
and control 
theory 

Y Y N N N Y Y N  

van Dantzig 
et al. 2013 

Wearable activity 
monitor linked with 
personal web page to 
monitor activity 
patterns.  Timely, 
persuasive text 
messages on 
smartphone during 
prolonged periods of 
sitting (detected by 
computer software). 
 
SA 

6 weeks Daily wear of 
activity 
monitor. 
Text 
messages 
sent every 30 
minutes of 
uninterrupted 
computer 
activity (up to 
a maximum of 
three 
messages/ 
day). 

Intervention 
based on four of 
six social 
influence 
strategies 
(Cialdini, 2001) 
– authority, 
commitment, 
consensus and 
scarcity 

N Y Y Y N N N N  
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Notes: 

BCT = Behaviour Change Technique; SA = Standalone mHealth; MC = Multi-Component programme; Y = Yes, included in intervention; N = No, not included in intervention; ? = unclear or difficult to 

determine whether included from available intervention description; PA = Physical Activity; SB = Sedentary Behaviour; MVPA = Moderate-to-Vigorous Physical Activity 

 

 

 

 

 

 

 

 

 

 

 

Yeung et al. 
2017 

Wearable activity 
monitor used with 
associated app and/or 
website for monitoring 
steps (weeks 1-4 
blinded, weeks 5-8 
unblinded).  Optional 
resident-only activity 
tracking group to 
‘connect and compete’ 
with peers for weeks 5-
8. 
 
SA 

8 weeks Daily wear of 
activity 
monitor. 
Ad lib use of 
app/website. 

None stated Y Y N Y N N Y 
optional 

N Action planning 
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Study quality 

A summary of the risk of bias and quality assessment for the included studies is 

presented in Table 4.  Using the EPHPP tool, only one study was judged as ‘strong’ 

quality (Thorndike et al., 2014).  Nine studies were assigned a ‘moderate’ quality 

rating (Finkelstein et al., 2015, Finkelstein et al., 2016, Koyle, 2013, Patel et al., 

2016a, Poirier et al., 2016, Slootmaker et al., 2009, Gremaud et al., 2018, Patel et 

al., 2018, Reed et al., 2018, Simons et al., 2018b) and 15 studies were given a 

‘weak’ rating (Brakenridge et al., 2016a, Brakenridge et al., 2016b, Ganesan et al., 

2016, Jones, 2016, Patel et al., 2016b, Reijonsaari et al., 2009, Reijonsaari et al., 

2012, Rowe-Roberts et al., 2014, Schrager et al., 2017, Skogstad et al., 2016, van 

Dantzig et al., 2013, Gilson et al., 2016, Gilson et al., 2017, Losina et al., 2017, Neil-

Sztramko et al., 2017, Yeung et al., 2017, Olsen et al., 2018, Torquati et al., 2018).  

All except two studies (Schrager et al., 2017, Thorndike et al., 2014) were judged as 

‘weak’ in terms of selection bias; participants were typically self-selected employees 

who volunteered to take part in a wellness programme.  Representativeness and 

level of participation were unclear in many of the included studies. 

All 25 studies used robust experimental or quasi-experimental designs.  Of the 25 

studies, 15 reported controlling for important confounders in their design and/or 

analysis.  Ten studies were assigned a ‘weak’ rating in this domain due to lack of 

reporting or poor control of confounders in analysis (Jones, 2016, Patel et al., 2016b, 

Rowe-Roberts et al., 2014, Schrager et al., 2017, Gilson et al., 2017, Losina et al., 

2017, Neil-Sztramko et al., 2017, Yeung et al., 2017, Olsen et al., 2018, Torquati et 

al., 2018).  No studies received a ‘strong’ rating for blinding due to the difficulty and 

impracticality in blinding participants to this type of mHealth intervention.  Blinding of 

outcome assessors was often not described, and two studies were rated as ‘weak’ in 

this domain as outcome assessors were reported to be unblinded (Brakenridge et 

al., 2016a, Brakenridge et al., 2016b, Reijonsaari et al., 2009, Reijonsaari et al., 

2012). 

A ‘strong’ data collection method for the main PA/SB outcome was used by 14 

studies; this included research-grade accelerometers (e.g. activPAL™, Actigraph™, 

GENEActiv™) (Brakenridge et al., 2016a, Brakenridge et al., 2016b, Finkelstein et 

al., 2015, Finkelstein et al., 2016, Gilson et al., 2016, Gilson et al., 2017, Neil-
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Sztramko et al., 2017, Olsen et al., 2018, Simons et al., 2018b, Torquati et al., 2018) 

and commercial activity monitors with high validity and reliability for the particular 

measure (e.g. Fitbit® used to monitor steps) (Evenson et al., 2015) (Jones, 2016, 

Poirier et al., 2016, Rowe-Roberts et al., 2014, Thorndike et al., 2014, Yeung et al., 

2017, Gremaud et al., 2018), and the International Physical Activity Questionnaire 

(IPAQ) with reasonable validity and reliability (Craig et al., 2003) (Reijonsaari et al., 

2009, Reijonsaari et al., 2012).  Eight studies used ‘moderate’ data collection tools 

with either acceptable validity or reliability, including smartphone-integrated 

accelerometers (Koyle, 2013, Patel et al., 2016a, Patel et al., 2016b, Patel et al., 

2018), the Activity Questionnaire for Adolescents and Adults (AQuAA) (Chinapaw et 

al., 2009) (Slootmaker et al., 2009), the Tractivity® activity monitor (Reed et al., 

2018), self-entered pedometer data (Ganesan et al., 2016) and step data from the 

Fitbit® converted to MVPA (Losina et al., 2017).  Two studies used self-reported data 

in non-validated questionnaires (Schrager et al., 2017, Skogstad et al., 2016), and 

one study used computer software and an activity monitor with unreported validity 

and reliability (van Dantzig et al., 2013); these were therefore given a ‘weak’ data 

collection rating. 

Withdrawals and dropouts were reported by the majority of studies (n = 24).  

Definitions of attrition varied between studies but it was possible to calculate attrition 

rates based on the number of participants failing to provide data at the final follow-

up, which ranged from 0% to 74%.  Only four studies (Brakenridge et al., 2016b, 

Ganesan et al., 2016, Gilson et al., 2017, Torquati et al., 2018) were rated as ‘weak’ 

in this domain due to having particularly high attrition rates of greater than 40%. 

Regarding intervention integrity, most studies reported the proportion of participants 

receiving the allocated intervention, which was most frequently in the range of 80 to 

100%.  Approximately two thirds of studies reported measuring consistency of 

delivery or use of the intervention, with outcomes such as device wear time and 

interaction with technology.  In the majority of studies, it was judged to be possible 

that participants had received an unintended intervention or this could not be 

determined from the reports. 

Data analysis methods were generally deemed appropriate.  Eight of the 13 RCTs 

used intention-to-treat analysis (Brakenridge et al., 2016a, Brakenridge et al., 2016b, 
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Finkelstein et al., 2015, Finkelstein et al., 2016, Patel et al., 2016a, Patel et al., 

2016b, Slootmaker et al., 2009, Thorndike et al., 2014, Gremaud et al., 2018, Patel 

et al., 2018).
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Table 4 Summary of risk of bias assessment 
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 Attrition rateb 
 

Global rating 

Brakenridge et al. 2016a; Brakenridge et al. 2016b W S S W S W IG: 62%  CG: 47%  Overall: 54% Weak 

Finkelstein et al. 2015; Finkelstein et al. 2016 W S S M S S IG1: 21%, IG2: 24%, IG3: 14%  CG: 17%  Overall: 19% Moderate 

Ganesan et al. 2016 W M S M M W IG: 47% Weak 

Gilson et al. 2016; Gilson et al. 2017  W M W M S W IG: 57% Weak 

Gremaud et al. 2018 W S S M S S IG: 0%  CG: 1%  Overall: 1% Moderate 

Jones 2016 W M W M S M IG1: 32%, IG2: 16%  CG: 25%  Overall: 24% Weak 

Koyle 2013 W S S M M S IG: 17%  CG: 11%  Overall: 14% Moderate 

Losina et al. 2017 W M W M M S IG: 3% Weak 

Neil-Sztramko et al. 2017 W M W M S S IG: 0% Weak 

Olsen et al. 2018 W M W M S M IG: 39% Weak 

Patel et al. 2016a W S S M M S IG1: 3%, IG2: 8%, IG3: 4%  CG: 4%  Overall: 5% Moderate 

Patel et al. 2016b W S W M M S IG1: 3%, IG2: 4%, IG3: 3%  CG: 6%  Overall: 4% Weak 

Patel et al. 2018 W S S M M S IG1: 5%, IG2: 5%, IG3: 7%  CG: 8%  Overall: 6% Moderate 

Poirier et al. 2016 W S S M S S IG: 20%  CG: 17%  Overall: 18% Moderate 

Reed et al. 2018 W S S M M S IG1: 8%, IG2: 0%, IG3: 4%  Overall: 4% Moderate 
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 Attrition rateb 
 

Global rating 

Reijonsaari et al. 2009; Reijonsaari et al. 2012 W S S W S M IG: 35%  CG: 32%  Overall: 33% Weak 

Rowe-Roberts et al. 2014 W M W M S M IG: 34% Weak 

Schrager et al. 2017 M M W M W M IG: 35% Weak 

Simons et al. 2018a; Simons et al. 2018b W S S M S S IG: 12%  CG: 19%  Overall: 15% Moderate 

Skogstad et al. 2016 W M S M W S IG: 15% Weak 

Slootmaker et al. 2009 W S S M M M IG: 26%  CG: 18%  Overall: 22% Moderate 

Thorndike et al. 2014 S M S M S S Phase 1 IG: 4%  CG: 6%  Phase 2 IG: 8%  Whole trial: 13% Strong 

Torquati et al. 2018 W M W M S W IG: 74% Weak 

van Dantzig et al. 2013 W S S M W S Attrition not reported but 85/86 participants appear to have 
completed the trial based on final data (i.e. 1.2% attrition). 

Weak 

Yeung et al. 2017 W M W M S S IG: 14% Weak 

 

Notes: 

S = strong; M = moderate; W = weak; IG = Intervention Group; CG = Control/Comparison Group 

a Validity and reliability of primary outcome.  For data collection method, studies were rated as ‘strong’ if the measure had known validity and reliability, ‘moderate’ if the measure had reasonable 

validity or reliability, and ‘weak’ if validity and reliability were unknown. 

b % of participants failing to provide data at final follow-up (to nearest whole percentage) 
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Behaviour change techniques (BCTs) 

Due to the relatively small number of studies and BCTs identified, it was not possible 

to determine which techniques were associated with intervention efficacy.  In many 

cases it was difficult to determine intervention content and specific BCTs used from 

the available descriptions.  The most frequently identified BCTs (or categories of 

BCTs) are shown in Table 3.  These included self-monitoring of the behaviour or 

outcome (n = 22, 88% of studies), provision of feedback on the behaviour or 

outcome (n = 21, 84%), goal-setting for the behaviour or outcome (n = 17, 68%), 

social comparison (n = 14, 56%), social support (n = 12, 48%), rewards and 

incentives contingent on progress towards or achieving the behaviour (n = 11, 44%), 

and provision of information on consequences of PA and SB to the individual or in 

general (n = 11, 44%).  Prompts and cues (n = 9, 36%) were also a common 

intervention component.  Action planning was identified in eight studies (32%), 

graded tasks were described by four studies (16%), information on where and when 

to perform the behaviour was given in four studies (16%), and barrier 

identification/problem solving was used in three studies (12%).  Instruction on how to 

perform the behaviour, shaping, and prompting anticipated regret were each used in 

two studies (8%).  Information about others’ approval and environmental 

restructuring were each found in only one study (4%).  Individual or team 

competitions, and various types of gamification (such as virtual avatars and racing 

around a virtual landscape) were not part of the CALO-RE taxonomy but were used 

in several studies with smartphone apps and websites.  Sixteen of the 40 BCTs 

listed in the CALO-RE taxonomy were not identified in any of the coded 

interventions. 

Prompts and cues were used more frequently in interventions for SB; these were 

found in five of nine studies (56%) that aimed to reduce SB compared with six of 22 

(27%) aiming to promote PA.  Rewards and incentives were more frequently part of 

interventions targeting PA (11/22 studies, 50%) compared with three of nine (33%) 

studies that aimed to reduce SB.   
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Effects of interventions 

Statistical methods of combining the results were not considered feasible for several 

reasons.  There was high methodological heterogeneity with a range of different 

study designs, outcome measures (particularly for PA) and outcome time points.  

Incomplete reporting of outcome data and standard deviations precluded the 

calculation of reliable effect sizes.  Some studies reported change in PA while others 

reported absolute values.  In addition, several studies were either uncontrolled or did 

not have a ‘true’ control group (i.e. the comparison group received an mHealth 

intervention) which would have resulted in an underestimation of effect sizes.  The 

data were therefore summarised narratively and visually.  A summary of the main 

results for each included study is shown in Table 5.  Impact on PA, SB and health 

and other related outcomes is reported separately.   

 

Impact on physical activity 

A significant increase in one or more measures of PA, over time or relative to the 

control or comparison group, was reported by 14 of the 25 studies (56%) 

(Brakenridge et al., 2016b, Finkelstein et al., 2016, Ganesan et al., 2016, Koyle, 

2013, Patel et al., 2016a, Patel et al., 2016b, Poirier et al., 2016, Schrager et al., 

2017, Skogstad et al., 2016, Thorndike et al., 2014, Neil-Sztramko et al., 2017, 

Yeung et al., 2017, Gremaud et al., 2018, Patel et al., 2018).  These outcomes 

included mean (or median) daily steps, frequency and/or duration of activity, and 

odds of meeting step goals.  Schrager and colleagues reported a significant impact 

of the intervention only in participants with a low baseline activity level (Schrager et 

al., 2017).  Six studies (24%) reported no significant impact on any PA outcome 

(Jones, 2016, Reijonsaari et al., 2012, van Dantzig et al., 2013, Gilson et al., 2017, 

Olsen et al., 2018, Simons et al., 2018b).  Three studies (12%) reported reductions 

in PA; two uncontrolled studies reported reductions in daily steps (Reed et al., 2018), 

and MVPA (Torquati et al., 2018) over time, and one RCT found a reduction in light 

intensity PA relative to the control group, but only in a highly educated subgroup 

(Slootmaker et al., 2009).  It was not possible to determine the impact of the 

intervention in two studies; in one the pre- to post- change in PA was unclear (Rowe-

Roberts et al., 2014), and another (a feasibility study) did not report the statistical 
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significance of changes as there was no reliable baseline measure of PA (Losina et 

al., 2017).  It should be noted that five of the 14 studies that found a relative increase 

in PA did not have a true (i.e. non-mHealth) control group (see Table 5); the results 

suggested that one or more mHealth or complementary components had contributed 

to this increase, including a smartphone app (Gremaud et al., 2018), motivational 

text messages (Koyle, 2013) and financial incentives (Patel et al., 2016a, Patel et al., 

2016b, Patel et al., 2018). 

Of the 10 studies rated as ‘high’ or ‘moderate’ quality, seven (70%) reported a 

significant impact of the intervention on PA (Finkelstein et al., 2016, Koyle, 2013, 

Patel et al., 2016a, Poirier et al., 2016, Thorndike et al., 2014, Gremaud et al., 2018, 

Patel et al., 2018).  Only four of the 11 studies (36%) using a wearable activity 

monitor as a single mHealth tool reported a significant absolute or relative increase 

in PA, compared with 10 of the 14 studies (71%) using smartphone apps or activity 

monitors combined with apps.  Nine of the 14 studies (64%) using multi-component 

interventions reported a significant impact on PA (Brakenridge et al., 2016b, 

Finkelstein et al., 2016, Koyle, 2013, Patel et al., 2016a, Patel et al., 2016b, 

Skogstad et al., 2016, Thorndike et al., 2014, Neil-Sztramko et al., 2017, Patel et al., 

2018) compared with five of the 11 studies (45%) that assessed standalone mHealth 

interventions (Ganesan et al., 2016, Poirier et al., 2016, Schrager et al., 2017, Yeung 

et al., 2017, Gremaud et al., 2018).  There were no other discernible associations 

between type or length of intervention, type of workplace and impact on PA. 

Significant effects on PA were reported from one month to 12 months after beginning 

the intervention, although only three studies reported a significant increase in PA at a 

time point of six months or later (Brakenridge et al., 2016b, Finkelstein et al., 2016, 

Schrager et al., 2017).  In some cases an initial increase in PA was not sustained at 

later follow-up (Patel et al., 2016a, Patel et al., 2016b, Patel et al., 2018, Reed et al., 

2018).  In contrast, Brakenridge and colleagues reported a significant impact of the 

intervention at 12 months but not three months (Brakenridge et al., 2016b). 

There was wide variation in effect sizes.  For example, for studies reporting a 

significant positive impact of the intervention on mean daily step count, this ranged 

from a between-group difference of around 847 (95% CI 68 to 1625) (Brakenridge et 

al., 2016b) to 2183 (95% CI 992 to 3344) (Gremaud et al., 2018) steps per day.  The 
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large international cohort study reported the largest effect, with a mean pre-post 

increase of 3519 (95% CI 3484 to 3553) steps per day (Ganesan et al., 2016). 

 

Impact on sedentary behaviour 

Of the 10 studies reporting the impact of their intervention on sedentary time, only 

four (40%) found a significant reduction; these were a short-term wearable activity 

monitor and text messaging intervention in the workplace (van Dantzig et al., 2013), 

an activity monitor and smartphone app intervention (Gremaud et al., 2018), an 

activity monitor, app and behavioural counselling intervention (Neil-Sztramko et al., 

2017), and a standalone smartphone app intervention (Ganesan et al., 2016).  Van 

Dantzig and colleagues found a mean between-group difference in reduction in 

computer activity (a proxy for sedentary time) of 4.1 minutes, 30 minutes before and 

after receiving a persuasive text message (van Dantzig et al., 2013).  Gremaud et al. 

reported a reduction of 26.6 minutes (95% CI -70.9 to -17.3) in the mean longest 

sedentary time in those with an activity monitor and app compared with the activity 

monitor only group (Gremaud et al., 2018).  Neil-Sztramko et al. found a mean 

reduction in both objective and self-reported weekly sedentary time of 405.5 and 

425.3 minutes respectively, from baseline to 12 weeks post-intervention (Neil-

Sztramko et al., 2017).  Ganesan and colleagues reported a mean reduction in self-

reported daily sitting duration of 0.74 (95% CI 0.78 to 0.71) hours after 100 days of 

the smartphone app intervention (Ganesan et al., 2016). 

Two studies using objective measures of sedentary time showed no significant 

impact of a smartphone app, pedometer and social media intervention (Torquati et 

al., 2018) and a multi-component programme including an activity monitor and 

smartphone app combined with group-based action planning and a healthy living 

seminar (Olsen et al., 2018).  Another study found no impact of an activity monitor on 

self-reported sedentary time at either three or eight months follow-up (Slootmaker et 

al., 2009).  A further two studies using objective measures showed significantly 

higher daily standing time (Brakenridge et al., 2016b) and lower daily sedentary time 

(Jones, 2016) in controls relative to the intervention group.  Another study using 

accelerometer data reported a significant increase in the mean proportion of time 

spent sedentary from baseline to follow-up, but only in workday non-work time (there 
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was a slight reduction in proportion of work time spent sedentary) (Gilson et al., 

2017).  

 

Impact on other outcomes 

Of the 25 studies, 16 (64%) assessed the impact of the mHealth intervention on 

secondary outcomes including health and fitness, wellbeing and determinants of PA 

(Brakenridge et al., 2016a, Brakenridge et al., 2016b, Finkelstein et al., 2015, 

Finkelstein et al., 2016, Ganesan et al., 2016, Jones, 2016, Koyle, 2013, Reijonsaari 

et al., 2009, Reijonsaari et al., 2012, Rowe-Roberts et al., 2014, Schrager et al., 

2017, Skogstad et al., 2016, Slootmaker et al., 2009, Thorndike et al., 2014, Gilson 

et al., 2016, Gilson et al., 2017, Neil-Sztramko et al., 2017, Reed et al., 2018, 

Simons et al., 2018b, Torquati et al., 2018).  Eleven of these studies (69%) found an 

improvement in at least one outcome over time or relative to the control or 

comparison group (Ganesan et al., 2016, Koyle, 2013, Rowe-Roberts et al., 2014, 

Schrager et al., 2017, Skogstad et al., 2016, Slootmaker et al., 2009, Thorndike et 

al., 2014, Gilson et al., 2017, Neil-Sztramko et al., 2017, Reed et al., 2018, Torquati 

et al., 2018).  Significant beneficial effects included weight or BMI reduction 

(Ganesan et al., 2016, Neil-Sztramko et al., 2017), reduced body fat percentage 

(Reed et al., 2018), reduced systolic blood pressure (Thorndike et al., 2014) (Reed 

et al., 2018), reduced resting pulse rate (Koyle, 2013), reduced total and low density 

lipoprotein (LDL) cholesterol (Skogstad et al., 2016) and increased high density 

lipoprotein (HDL) cholesterol (Thorndike et al., 2014), improved ‘AUSDRISK’ 

(Australian Type 2 Diabetes Risk) score (Rowe-Roberts et al., 2014), improved diet 

(Gilson et al., 2017, Torquati et al., 2018), improved aerobic fitness (Skogstad et al., 

2016), improved self-reported health (Torquati et al., 2018) or wellness (Schrager et 

al., 2017), greater self-reported energy and emotional wellbeing (Neil-Sztramko et 

al., 2017), reduced sleep disturbance (Neil-Sztramko et al., 2017) and improved self-

efficacy for walking (Koyle, 2013).  However, the study by Skogstad and colleagues 

could not attribute the changes in aerobic fitness and cholesterol levels to changes in 

individual PA levels (Skogstad et al., 2016).   

Slootmaker and colleagues reported a significant impact on secondary outcomes in 

subgroups only.  This included increased awareness of PA level in overweight 



   75 
 

participants only (after three months) and reduced body weight in lower educated 

participants only (after eight months) (Slootmaker et al., 2009).  Four studies found 

no impact on any secondary outcomes (Brakenridge et al., 2016b, Finkelstein et al., 

2016, Jones, 2016, Simons et al., 2018b), and one RCT found a significant between-

group difference in weight loss and percentage body fat, but in favour of the control 

group (Reijonsaari et al., 2012).  Only two studies assessed work-related outcomes 

including work productivity and sickness absence (Reijonsaari et al., 2012) and job 

performance, job control and work satisfaction (Brakenridge et al., 2016b); there was 

no significant effect on these outcomes in the short or long term.  

 

Subgroup findings 

The most important subgroup and sensitivity findings (where applicable) for each 

study are reported in Table 5.  Potential effect modifiers associated with intervention 

effectiveness were low baseline activity level (Finkelstein et al., 2016, Poirier et al., 

2016, Schrager et al., 2017), lower education level (Slootmaker et al., 2009), African 

American ethnicity (Losina et al., 2017), non-obesity (Losina et al., 2017) and high 

risk of diabetes (Rowe-Roberts et al., 2014). 

 

Feasibility and acceptability / additional findings 

Four studies were primarily designed to assess feasibility of the intervention and/or 

trial methods, including measures of engagement, acceptability, attrition, demand 

(i.e. reach and recruitment) and implementation (i.e. delivery of the intervention) 

(Gilson et al., 2016, Gilson et al., 2017, Losina et al., 2017, Neil-Sztramko et al., 

2017, Torquati et al., 2018).  Many effectiveness studies also reported some of these 

outcomes, with engagement and attrition measured most frequently.  Definitions of 

engagement and acceptability were variable.  Engagement with interventions tended 

to be measured quantitatively using outcomes such as activity monitor wear time, 

usage time for apps, features used or proportion of text messages read.  

Acceptability was a broader concept incorporating both quantitative and qualitative 

measures such as participant satisfaction, perceived usability, perceived 

effectiveness and usefulness of the intervention (for PA/SB/other outcomes), 
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preferred components, intentions to continue technology use, barriers to 

use/engagement, and adverse events.  Only a small number of studies assessed 

qualitative experiences as reported by the participants as a measure of acceptability.  

For example, Rowe-Roberts and colleagues used focus groups to gain further insight 

into employee experiences of using the activity monitor (Rowe-Roberts et al., 2014) 

while Gilson and colleagues interviewed drivers and depot managers to capture 

experiences, insights into perceived impact of the intervention and barriers to PA 

(Gilson et al., 2016, Gilson et al., 2017) . 

The main findings in relation to engagement, acceptability and attrition are 

summarised in Table 5.  A clear decline in technology usage and engagement over 

time was reported by all longer duration studies (i.e. more than 12 weeks) that 

assessed these outcomes.  Schrager and colleagues reported that only 33% of 

participants used their activity monitor after six months (Schrager et al., 2017), 

Brakenridge and colleagues reported that activity monitor use had ceased in all 

participants by 12 months (Brakenridge et al., 2016b), and Finkelstein and 

colleagues found that only around 10% of participants still wore their activity monitor 

after 12 months (Finkelstein et al., 2016).  Common reasons for lack of engagement 

were broken or lost devices (Rowe-Roberts et al., 2014, Yeung et al., 2017), 

forgotten devices (Rowe-Roberts et al., 2014, Schrager et al., 2017, Simons et al., 

2018b), lack of interest or boredom (Schrager et al., 2017, Slootmaker et al., 2009), 

beliefs the device was not accurate (Schrager et al., 2017), technical issues 

(Schrager et al., 2017, Gremaud et al., 2018, Simons et al., 2018b), fashion 

(Schrager et al., 2017), privacy concerns (Gilson et al., 2017), data usage costs 

(Gilson et al., 2017) and usability issues such as difficulty navigating the website 

(Slootmaker et al., 2009). 

Overall, participant satisfaction was high, and employees perceived wearable activity 

monitor and smartphone app interventions to be an acceptable and useful method to 

improve PA.  Of the studies aiming to reduce SB, only two included qualitative 

measures of acceptability (Gilson et al., 2017, Torquati et al., 2018).  In one study, 

the activity monitor and smartphone app were perceived by drivers and depot 

managers as feasible, acceptable and as having a positive impact on PA and SB 

(Gilson et al., 2017).  In contrast, a study of a smartphone app for improving diet and 

PA (and reducing SB) in nurses found low perceived usefulness, and interviews 
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revealed difficulties in changing more than one behaviour at a time, and the desire 

for a workplace champion to implement the intervention (Torquati et al., 2018).  

Additional findings in relation to acceptability included individual differences in 

preferred motivational strategies according to levels of activity and engagement 

(Rowe-Roberts et al., 2014) and higher compliance with activity monitor wear with 

team-based competition as opposed to individual monitoring (Thorndike et al., 2014).  

It is also important to consider adverse events associated with technology use; in 

one study around 27% of participants reported at least one adverse event, typically 

related to reactions to wearing the activity monitor or accelerometer (Brakenridge et 

al., 2016b).  Due to the relatively small number of studies reporting measures of 

acceptability, and the heterogeneity of interventions and outcomes, no associations 

between acceptability and intervention type or length or type of workplace were 

evident. 

Attrition rates ranged from 0% to 74%.  Predictors of loss to follow-up included 

female gender (Finkelstein et al., 2016), younger age (Skogstad et al., 2016) and 

ethnicity with lower attrition in Chinese participants (Finkelstein et al., 2016). 
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Table 5 Summary of main results 

Study Key findings Subgroup findings and 
sensitivity analyses a (if 

applicable) 

Feasibility and additional findings 
(including engagement, attrition and 
acceptability) 

Impact on PA / SBa 

 
Impact on related health / 
other outcomes 

Impact on 
PA / SB 

Impact on 
other 
outcomes 

Brakenridge 
et al. 2016a; 
Brakenridge 
et al. 2016b 

No significant between-group difference in 
PA or SB at 3 months (although the 
organisational support group only showed an 
increase in overall standing time, +14.6 
minutes/day, 95% CI 2.5 to 26.8, p = 0.018). 
 
Significant between-group adjusted mean 
difference (MD) in overall daily stepping time 
(+20.6 minutes, 95% CI 3.1 to 38.1, p = 
0.021) and number of daily steps (+846.5 
steps, 95% CI 67.8 to 1625.2, p = 0.033) at 
12 months – favouring the intervention 
group. 

No significant within- or 
between-group findings for 
any health or work-related 
outcomes. 

↑ PA 
 
↑ SB 
(favoured 
control) 

0 Sensitivity analysis: study 
completers were more likely to 
show larger and statistically 
significant changes in activity 
at 3 months (bias from dropout 
of healthy participants?). 

Engagement: 70.5% of participants 
provided with the activity monitor used it 
in the first 12 weeks, with mean usage of 
12.1±11.6 days.  Use had ceased by 12 
months in all intervention participants. 
 
Acceptability: 41/153 (26.8%) 
participants reported at least one 
adverse event (e.g. reactions to activity 
monitor or accelerometer wear). 
 

Finkelstein 
et al. 2015; 
Finkelstein 
et al. 2016 

No between-group difference in MVPA (p = 
0.0854) or steps (p = 0.1362) between the 
Fitbit only and control groups at 6 months.  
Cash and charity incentive groups showed 
higher MVPA compared with control at 6 
months (cash group MD = +29 MVPA bout 
mins/week, 95% CI 10 to 47, p = 0.0024; 
charity group MD = +21 MVPA bout 
mins/week, 95% CI 2 to 39, p = 0.0310). 
 
At 12 months, the Fitbit and charity groups 
showed higher MVPA than the control (Fitbit 
group MD = +37 MVPA bout mins/week, 
95% CI 19 to 56, p = 0.0001; charity group 
MD = +32 MVPA bout mins/week, 95% CI 
12 to 51, p = 0.0013).  The cash incentive 
group did not differ from the control (p = 
0.1363).  The only significant within-group 
increase in MVPA at 12 months was for the 
Fitbit only group (+16 mins/week, 95% CI 2 
to 30, p = 0.0301). 
 

No evidence for improvement 
in health outcomes - all 
intervention groups showed 
improvement in 
cardiorespiratory fitness (NET-
FVO2 max) at 6 and 12 
months, but control group 
showed improvement at 12 
months. 

↑ PA 
 

0 
(improved 
aerobic 
fitness in 
control and 
intervention 
groups) 

Subgroup analysis by baseline 
activity level found some 
differences – e.g. those in the 
cash and charity groups who 
were insufficiently active at 
baseline showed a significant 
increase in MVPA from 
baseline to 6 months (+22 
mins/week, 95% CI 5 to 38, p 
= 0.0096 and +17 mins/week, 
95% CI 2 to 32, p = 0.0231 
respectively).  For those who 
were sufficiently active at 
baseline, changes in MPVA 
were non-significant in both 
groups. 
 
 

Engagement: 40% abandoned the Fitbit 
within 6 months, and by month 12 only 
around 10% of all participants in the 
intervention groups were still wearing the 
device. 
 
Attrition: predictors of loss to follow-up at 
12 months included gender (higher 
attrition in females) and ethnicity (lower 
attrition in Chinese).  Higher adherence 
was seen in the cash incentive group 
compared with the other groups 
(particularly at 6 months). 
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The only significant between-group 
differences in mean daily steps were for the 
cash vs. control group at 6 months (+1050 
steps, 95% CI 600 to 1490, p<0.0001) and 
12 months (+500 steps, 95% CI 50 to 960, p 
= 0.0289). 

Ganesan et 
al. 2016 

Significant increase pre- to post-intervention 
in mean daily steps (+3519 steps, 95% CI 
3484 to 3553, p<0.0001), exercise 
days/week (+0.89 days, 95% CI 0.87 to 
0.92, p<0.0001) and odds of exercising ≥30 
minutes/day (1.65, 95% CI 1.61 to 1.68, 
p<0.0001).   
 
Significant decrease pre- to post-intervention 
in mean sitting duration (-0.74 hours/day, 
95% CI   -0.78 to -0.71, p<0.0001). 

Significant pre- to post-
intervention reduction in 
weight (-1.45kg, 95% CI -1.53 
to -1.38, p<0.0001). 

↑ PA 
 
↓ SB 

↓ weight Subgroup analysis by gender, 
year cohort, geographic region 
and income group – no 
significant differences for any 
of the main outcomes. 
 
Men showed greater weight 
loss than women (-1.63kg, 
95% CI -1.72 to -1.54 
compared with         -0.74kg, 
95% CI -0.91 to -0.57). 
 
Predictors of weight loss 
included increase in step 
count, increase in exercise 
days and decrease in sitting 
duration. 

 

Gilson et al. 
2016; 
Gilson et al. 
2017 

Non-significant increase in mean proportions 
of work time spent physically active from 
baseline to post-intervention and follow-up 
(+1%, 7 minutes/day).  Non-significant 
decrease in mean proportions of work time 
spent sedentary at post-intervention (-6%) 
and follow-up (-9%). 
 
Significant increase in mean proportion of 
workday non-work time spent sedentary 
baseline to follow-up (p = 0.007) and 
decrease in mean proportion of workday 
non-work time stationary+ baseline to post-
intervention (p = 0.037) and follow-up 
(p<0.033). 
 
65% of participants showed positive 
changes in PA (and at least one dietary 
choice) at follow-up. 

Significant increase in 
workday fruit (p = 0.023) and 
vegetable (p= 0.024) 
consumption by one 
serving/day at end of 
programme. 

0 PA 
 
↑ SB 
(workday 
non-work 
time only) 

↑ diet  
(fruit and 
vegetable 
intake) 

N/A Engagement: 26/44 (59%) participants 
used the activity monitor.  Use for step 
count monitoring remained constant but 
dietary logging significantly declined 
from baseline to study completion. 
 
Attrition: moderately high - only 19/44 
(43%) participants completed the study.   
 
Acceptability: Barriers to technology use 
included technical issues, data usage 
costs and privacy concerns.  From 
qualitative interviews, the overall 
intervention was perceived as feasible, 
acceptable and as having positive 
impact on PA by drivers and depot 
managers.  The mHealth component 
was perceived to have a greater impact 
on behaviour than financial incentives. 

Gremaud et 
al. 2018 

Relative to control (Fitbit-only group) after 
the start of the intervention, the smartphone 
app users showed an immediate increase in 

Not studied ↑ PA 
 
↓ SB 

Not studied Sensitivity analyses 
accounting for wear 
compliance, and excluding 

Engagement: compliance with Fitbit 
wear declined over time, but app users 



   80 
 

mean daily steps of 2183 (95% CI 992 to 
3344).  Daily active minutes similarly 
increased by 12.8 (95% CI 6.3 to 19.3).  
However, participants’ steps declined during 
the study period overall. 
 
The mean longest bouts of sedentary time 
decreased by 26.6 minutes (95% CI -70.9 to  
-17.3) in the intervention group relative to 
control. 

 
(but control 
group 
received 
mHealth 
intervention) 

data collected following a bug 
in the app platform did not 
alter the significance of the 
findings. 

were more likely to wear the Fitbit daily 
than the Fitbit-only group. 
 
Low attrition: 144/146 (99%) participants 
provided follow-up data (although short-
term study). 
 
Acceptability: participants rated the app 
as easy and enjoyable to use and useful 
for increasing PA.  The main reported 
barrier to technology use was Fitbit 
battery issues (8/48, 17% of 
respondents).  

Jones 2016 Between-group difference in % change in 
mean daily steps neared significance: 
IG1 (activity monitor only) = +9% 
IG2 (activity monitor and active desk) = -
17%  
CG = -15%  
(p = 0.06, favouring the activity monitor only 
group) 
 
Significant increase in sedentary time in 
intervention groups compared with control:  
IG1 = +255.5 minutes/day, 95% CI 127.5 to 
383.5 
IG2 = +353.2 minutes/day, 95% CI 219.1 to 
487.3 
CG = 0 minutes/day, 95% CI -58.6 to 58.5 
(p<0.0001) 

No significant within- or 
between-group findings for 
BMI, sleep or any 
psychosocial outcomes. 

0 PA 
 
↑ SB 
(favoured 
control) 

0 N/A Engagement: participants reporting 
follow-up data wore the Fitbit activity 
monitor for a mean of 177 of 210 days 
(84% adherence).  
 
Attrition: dropouts were similar to study 
completers in terms of baseline activity, 
weight, gender and ethnicity. 

Koyle 2013 The ‘control’ group showed a significant 
within-group reduction in mean weekly 
walking duration from week 1 to week 6 (-
50.3 minutes, p<0.001).  The reduction in 
the intervention group was non-significant (-
20.8 minutes/week, p = 0.99). 
 
After controlling for baseline activity level, 
the intervention group walked more minutes 
than the control but a significant difference 
was found only at week 6 (β = 38.21, p = 
0.03). 
 

Significant pre- to post-
intervention increase in self-
efficacy beliefs (walking self-
efficacy scale) for both groups: 
Intervention 85.6±12.1 to 
90.0±10.8 (p = 0.0003) and 
control 78.3±14.7 to 87.3±11.6 
(p = 0.0288). 
 
Significant decrease in resting 
mean pulse rate for 
intervention group only: 
70.0±11.0 to 63.2±10.2 (p = 
0.038). 
 

↑ PA 
(but control 
group 
received 
mHealth 
intervention) 

↑ self-
efficacy 
 
↓ resting 
pulse rate 

N/A Acceptability: Participants in both groups 
commented positively on their 
experiences of taking part and found the 
study motivating.  Text messages were 
reported as helpful.   
Many participants felt stronger and/or 
reported having lost weight as a result of 
taking part.   
At the end of the trial, all but one person 
chose to continue using the app. 
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No increase in likeliness to 
participate in other PA. 
 
No significant within- or 
between-group findings for 
weight, BMI or systolic BP. 

Losina et al. 
2017 

Average weekly duration of MVPA increased 
from 54±64 minutes in two weeks pre-
intervention to 62±89 minutes post-
intervention (statistical significance of 
changes not reported). 
 
86% of participants met either their weekly 
PA goal or CDC PA guidelines for ≥6/24 
weeks.  52% met either their PA goal or 
CDC guidelines for ≥12/24 weeks. 
 

Not studied ?  
(statistical 
significance 
of PA 
changes not 
reported and 
pre-
intervention 
measure was 
contaminated 
by use of 
Fitbit) 

Not studied Subgroup analysis by baseline 
physical ability, ethnicity and 
obesity found some 
differences.  Those able to 
walk a mile at baseline (vs. 
those unable, p = 0.010), 
African Americans (vs. all 
other ethnicities, p = 0.016) 
and non-obese participants 
(vs. obese, p = 0.018) met PA 
guidelines more consistently 
throughout the programme. 

Engagement: 63% of participants were 
classed as adherent Fitbit wearers (i.e. 
wearing Fitbit ≥4 days/week for ≥20 
weeks).  Wear declined over time (e.g. 
94% adherent wearers after one month 
vs. 62% after 6 months). 
 
Acceptability: two thirds of participants 
were satisfied with the programme; 79% 
indicated they would participate again. 

Neil-
Sztramko et 
al. 2017 

Significant increase in mean total MVPA 
(+110.3 minutes/week, p<0.01) and 
significant increase in mean daily steps 
(+1488.7, p<0.01) from baseline to post-
intervention. 
 
Significant reductions in objective mean 
sedentary time (-405.5 minutes/week, bouts 
≥10 mins, p = 0.02) and self-reported mean 
sedentary time (-425.3 minutes/week, 
p<0.01) from baseline to post-intervention. 

Significant pre- to post-
intervention reductions in 
weight (mean change -0.9kg, 
p = 0.03) and BMI (mean 
change -0.3kg/m2, p = 0.04). 
 
Significant improvements in 
some domains of health-
related quality of life: 
energy/fatigue (p = 0.01) and 
emotional wellbeing (p = 0.04). 
 
Significant improvements in 
sleep disturbances (p = 0.04) 
and day dysfunction due to 
sleepiness (p = 0.04). 

↑ PA 
 
↓ SB 

↓ weight 
and BMI 
 
↑energy / 
fatigue and 
emotional 
wellbeing 
score 
 
↓ sleep 
disturbance 
and day 
dysfunction 
due to 
sleepiness 

N/A High engagement with Fitbit: all 
participants reported using the Fitbit.  Of 
the 18 who provided Fitbit data, the 
device was worn 94.5% of the total study 
period. 
 
Attrition: all participants completed the 
study. 
 
High acceptability: 16/19 (84.2%) 
participants were very or somewhat 
satisfied with the intervention. 
 
Demand: high demand for participation.  
Recruitment to time and target was 
exceeded. 
 
Implementation: technical issues were 
common; 5 (25%) Fitbits were returned.  
A further two devices were lost. 

Olsen et al. 
2018 

No significant changes in sedentary time 
from pre- to post-intervention: 
Mean change in accelerometer-assessed 
sedentary minutes/day +0.08 (95% CI -30 to 
+30). 
Mean change in total self-reported sitting 
time in office -56 mins/day (95% CI -128.5 to 

Not studied 0 PA 
 
0 SB 

Not studied N/A Moderate attrition: only 30 of the 49 
(61%) recruited participants provided 
some post-intervention data. 
 
Acceptability: overall acceptability of the 
intervention was high.  90% of 
participants were satisfied or very 
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+17.0) and when working at home +20.5 
(95% CI -64.5 to 105.5). 
 
No significant changes in accelerometer-
assessed or self-reported PA. 

satisfied with the programme and 83% 
agreed that the tracker was a useful tool 
for behaviour change. 

Patel et al. 
2016a 

No significant between-group differences in 
mean daily steps (within-group changes not 
reported). 
 
Proportion of participant-days 7000 step goal 
was achieved was significantly higher for 
loss incentive group compared with control 
for the 13 week intervention period (MD = 
+0.16, 95% CI 0.06 to 0.26, p = 0.001).  This 
effect was not sustained at follow-up after 
incentives were removed. 

Not studied ↑ PA  
(but control 
group 
received 
mHealth 
intervention) 

Not studied Sensitivity analysis: adjusting 
for device and different 
methods of accounting for 
missing data did not affect the 
significance of the findings. 

Low attrition: only 5% of participants did 
not complete the study. 

Patel et al. 
2016b 

Compared with control during the 
intervention period, the mean proportion 
achieving the 7000 step goal was 
significantly higher for the combined 
incentive group only (MD = +0.17, 95% CI 
0.07 to 0.28, p<0.001).  The combined 
incentive group also had higher mean daily 
steps than the control at the end of the 
intervention period (MD = +1446 steps, 95% 
CI 448 to 2444, p = 0.005). 
 
No significant differences were sustained at 
follow-up. 

Not studied ↑ PA 
(but control 
group 
received 
mHealth 
intervention) 

Not studied Sensitivity analysis: adjusting 
for device and missing data 
did not affect the significance 
of the findings. 

Low attrition: only 4% of participants 
failed to complete the study. 

Poirier et al. 
2016 

Mean daily steps pre- to post-intervention 
increased for the intervention group (+309 
steps/day, ±1874) and decreased for the 
control group (-661 steps/day, ±1824).  MD 
= 970 steps/day, p<0.001. 
 
The proportion of participants achieving an 
increase of 1000 steps/day was significantly 
greater in the intervention group (29.9%) 
than the control (16.4%), p = 0.018. 
 

Not studied ↑ PA 
 

Not studied Subgroup analysis by baseline 
activity level: 
Sedentary group (<5000 
steps/day): Mean change 
+594±1558 steps/day in 
intervention group vs. 
+47±1299 steps/day in control 
group, p = 0.04. 
Low-to-somewhat active group 
(5000 to 9999 steps/day): 
Mean change of -110±2106 
steps/day in intervention group 
vs. -1286±1783 steps/day in 
control group, p = 0.004.  
 

High engagement with intervention: 
Participants wore the activity monitor on 
78.6% of days (33/42) on average; e-
mails were opened on 21.9% of days 
(9.2/42); website visits occurred every 
3.6 days (11.8/42). 
130/133 (97.7%) intervention 
participants still wore the activity 
monitor, opened e-mails and/or visited 
the website after 6 weeks. 
 
Attrition: moderately low (around 82% 
provided complete follow-up data) 
although short term study.  Participants 
with complete outcome data were similar 



   83 
 

Sensitivity analysis: included 
some study non-completers – 
statistically significant 
between-group difference in 
mean daily steps remained 
(p<0.001). 

to those without in terms of baseline PA 
level, ethnicity, income and education. 
 

Patel et al. 
2018 

Compared with control during the 
intervention period, the (unadjusted) mean 
proportion achieving the 7000 step goal was 
significantly higher for the combined lottery 
incentive group only (0.38 vs. 0.26).  The 
adjusted odds ratio for achieving the goal 
(combined vs. control) was 3.00 (95% CI 
1.28-7.02, p = 0.012). 
 
No significant differences were sustained at 
follow-up, after incentives were removed. 
 
No significant between-group differences in 
mean daily steps (within-group changes not 
reported). 

Not studied ↑ PA 
(but control 
group 
received 
mHealth 
intervention) 

Not studied Sensitivity analysis: adjusting 
for device and missing data 
did not change the 
significance of the findings. 

Low attrition: only 6% of participants did 
not complete the study. 

Reed et al. 
2018 

Initial increase in MVPA but significant 
decline from week 2 to week 6 (i.e. post-
intervention), p<0.05.  Significant decline in 
daily steps from baseline to week 6 
(p<0.05). 
 
There were no significant between-group 
differences in either MVPA (p = 0.292) or 
steps (p = 0.333). 

Within-group significant 
reductions in % body fat                   
(-0.8±4.8, p = 0.015) and 
resting systolic BP (-2.6±8.8 
mm Hg, p = 0.019). 
 
No significant within- or 
between-group changes in 
body mass, BMI or waist 
circumference. 

↓ PA  
(steps only, 
and no 
control 
group) 

↓ % body 
fat 
 
↓ systolic 
BP 
 

N/A Engagement: Participants wore the 
activity monitor for at least 10 hours/day 
for 31/42 intervention days on average 
(overall compliance rate 74%).  Wear 
declined over time (e.g. average of 
6.0±1.9 days per week at baseline 
compared with 3.5±3.0 days in week 6). 
 
Low attrition: 72/75 (96%) participants 
completed the study. 

Reijonsaari 
et al. 2009; 
Reijonsaari 
et al. 2012 

No significant within- or between-group 
differences in PA: 6-month between-group 
adjusted MD = -365 weekly MET-minutes, 
95% CI -733 to 3; 12-month between-group 
adjusted MD = -207 weekly MET-minutes, 
95% CI -531 to 116 (negative values favour 
control). 

No significant between-group 
difference in productivity 
(adjusted MD in QQ score at 6 
months = 1.3, 95% CI -2.0 to 
4.7 and adjusted MD at 12 
months = -1.1, 95% CI -4.9 to 
2.8). 
 
Between-group difference for 
change in weight and % body 
fat favoured control (adjusted 
MD for weight change at 12 
months =          -0.5kg, 95% CI 
-1.0 to 0.0; adjusted MD for 

0 PA ↑ weight 
(favoured 
control) 
 
↑ % body 
fat 
(favoured 
control) 

Subgroup analyses by gender, 
job characteristics, age, self-
rated baseline PA level and 
sickness absence days in the 
past year did not modify the 
results. 
 
Adherence to the intervention 
did not mediate sickness 
absence (MD between 
adhering and non-adhering 
subgroups was 0.0 days, 95% 
CI -1.2 to 0.9). 
 

Engagement: decline in engagement 
(use of website, communication with 
coaches) over time, particularly in the 
last 6 months. 
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change in % body fat = -0.6%, 
95% CI -1.0 to    -0.2). 

Sensitivity analysis: adjusting 
for missing data did not affect 
the results. 

Rowe-
Roberts et 
al. 2014 

Findings only reported descriptively.  
Average daily steps reported by AUSDRISK 
score at beginning and end of trial; ‘high’ 
baseline score participants that moved to 
‘low’ risk at the end of the study had the 
highest average daily steps at the end of the 
study (12,294).  Average overall daily steps 
were: 
High risk group: 8588 
Medium risk group: 7836 
Low risk group: 7878 

23% of participants reduced 
their AUSDRISK score over 7 
months. 

?  
(pre- to post- 
change in PA 
unclear and 
no control 
group) 

↓ 
AUSDRISK 
score 

Results stratified by 
AUSDRISK score – device 
seemed more effective for 
those at high risk of diabetes 
(see left). 

Engagement: overall low engagement 
with the activity monitor – average 
monthly dropout rate was 15% and only 
36% of participants were still using the 
device at the end of the study. 
High baseline diabetes risk participants 
showed the highest level of 
engagement: Mean number of months 
engaged with the activity monitor = 5.7 
for high risk; 4.4 for medium risk; 4.2 for 
low risk 
 
Acceptability: low engagement was 
predominantly driven by device issues, 
e.g. broken, lost, forgotten devices. 
Individual differences in preferred 
motivational strategies, e.g. 
inactive/unengaged participants 
preferred games whereas 
active/engaged participants preferred 
‘goal-oriented functionalities’, e.g. smart 
reminders and normative information 
about appropriate PA levels. 

Schrager et 
al. 2017 

No significant overall change in PA level.  
Self-reported median (IQR) days/week of 
≥30 minutes PA: 
Baseline 2.5 (1.9) 
1 month 2.8 (1.5) 
6 months 3.0 (2.0) 
(p = 0.67 for change baseline to 1 month; p 
= 0.36 for change baseline to 6 months) 
 
PA monitor-measured median (IQR) 
days/week ≥10,000 steps or ≥30 minutes 
PA: 
Baseline 2.5 (1.9) 
1 month 2.5 (2.7)  
(p = 0.69 for change baseline to 1 month) 
 
 

18/30 (60%) participants 
described a positive impact on 
their wellness after one month 
of activity monitor use. 

↑ PA 
(low baseline 
activity level 
only) 

↑ wellness 
(qualitative 
report only) 

Subgroup analysis by baseline 
activity level and device use. 
Significant increase in self-
reported median (IQR) 
days/week of ≥30 minutes PA 
for the most inactive (n = 10): 
Baseline 1.5 (0.9) 
1 month 2.4 (1.2) 
6 months 2.0 (2.0) 
(p = 0.04 for change baseline 
to 1 month; p = 0.04 change 
baseline to 6 months) 
 
No significant between- or 
within-group differences in PA 
level for those who used the 
activity monitor for 6 months 
and those who discontinued 
use prior to the study end. 

Engagement: decline in engagement 
over time - 67% continued to use the 
device after one month, but only 33% 
still used their device after 6 months.   
 
Acceptability: barriers to use included 
forgetfulness, not wanting to wear the 
device, boredom, beliefs it was not 
accurate, technical issues and fashion. 
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Simons et 
al. 2018a; 
Simons et 
al. 2018b 

No significant between-group differences in 
any of the objective or self-reported PA 
outcomes at post-intervention or follow-up 
(PA decreased over time in the intervention 
and control groups).  
 
 

No significant impact on any 
self-reported psychosocial 
variables.  

0 PA 0 (improved 
knowledge 
of PA 
guidelines 
in control 
and 
intervention 
groups) 

N/A Engagement: Decline in engagement 
over time, with significant reductions in 
Fitbit wear, viewing graphs in the app 
and reading notifications. 
 
Attrition: 110/130 (85%) participants 
provided primary outcome data at follow-
up. 
 
Acceptability: The majority of 
participants rated the Fitbit and app as 
self-explanatory (36/51, 71%), user 
friendly (40/51, 78%), and interesting 
(34/51, 67%), but few found the tips and 
facts motivating (10/41, 24%), used 
them to be physically active (8/41, 20%) 
and believed they were tailored to their 
lifestyle (7/41, 17%). 
Barriers to technology use included 
technical problems and forgetting to 
wear or charge the Fitbit. 

Skogstad et 
al. 2016 

Significant increase in self-reported 
frequency of PA from baseline to follow-up 
(p = 0.001). 
% exercising at baseline:  
37% ≤ 1 day/week 
47% 2-3 times/week 
15% ≥ 4 times/week 
% exercising at follow-up: 
13% ≤ 1 day/week 
58% 2-3 times/week 
28% ≥ 4 times/week 
 
Half of participants reported increased PA 
frequency at follow-up. 
 
Mean increase in daily low intensity PA (e.g. 
walking): 
13.7±29.4 minutes for men 
13.7±17.2 minutes for women. 
 
Mean increase in daily high intensity PA 
(e.g. jogging: 
8.3±18.2 minutes for men 
8.6±14.6 minutes for women 

Significant improvement in 
maximal oxygen uptake (+2.8 
ml/kg/min, 95% CI 1.4 to 4.3, 
p = 0.00022). 
Significant reduction in total 
cholesterol (-0.12 mmol/L, 
95% CI   -0.22 to -0.01, p = 
0.032) and LDL cholesterol (-
0.13 mmol/L, 95% CI -0.22 to -
0.04, p = 0.0034). 
Significant increase in diastolic 
BP (+1.67 mm Hg, 95% CI 
0.23 to 3.12, p = 0.024).  
 
Despite the significant 
improvements in health 
outcomes (aerobic fitness, 
total and LDL cholesterol), 
further analysis could not 
attribute these to the change 
in individual PA levels.  

↑ PA ↑ aerobic 
fitness 
 
↓ total 
cholesterol 
 
↓ LDL 
cholesterol 
 
↑ diastolic 
BP 

Subgroup analysis by 
education.  Education was an 
effect modifier for diastolic BP, 
total and LDL cholesterol: 
Only workers with low 
education showed a significant 
increase in diastolic BP (+4.4 
mm Hg, 95% CI 2.03 to 6.86, 
p = 0.0004). 
Only workers with high 
education showed a significant 
decrease in total cholesterol (-
0.21 mmol/L, 95% CI -0.08 to -
0.34, p = 0.0015) and LDL 
cholesterol (-0.22 mmol/L, 
95% CI -0.12 to -0.32, p = 
0.0001). 
 
 
 
 
 
 

 

Attrition: Participants lost to follow-up 
differed from study completers – 
younger, lower HDL and higher CRP 
(and mostly men and blue collar 
workers). 
 
Acceptability: perceived impact on other 
outcomes - 12 participants reported 
improved nutritional habits at follow-up, 
3 increased quality of sleeping, 4 
reduced or quit smoking and 2 reduced 
alcohol intake. 
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Slootmaker 
et al. 2009 

No overall significant between-group 
difference in sedentary time or PA 
(mins/week) at 3 months or 8 months follow-
up. 
3 month between-group difference (adjusted 
for gender, age, education and BMI), β and 
95% CI: 
Sedentary time: 10 (-435 to 455) 
Light intensity PA: -129 (-337 to 79) 
Moderate intensity PA: -13 (-89 to 63) 
Vigorous intensity PA: -6 (-75 to 62) 

No overall significant 
intervention effect on any 
secondary outcomes (aerobic 
fitness, determinants of PA 
and body composition) at 3 or 
8 months. 

↓ PA 
(light-
intensity, 
highly 
educated 
only)  
 
0 SB 

↑ 
awareness 
of PA level 
(overweight 
only) 
 
↓ body 
weight 
(lower 
educated 
only) 

Subgroup analysis by 
education, adherence to 
programme and BMI.  
Education was an effect 
modifier for PA; higher 
educated intervention 
participants showed a 
significant reduction in light 
intensity PA at 3 months 
compared with control: 
adjusted difference in 
mins/week, β and 95% CI = -
349 (-632 to -66), p = 0.02. 
 
The proportion of participants 
aware of their adherence to 
PA recommendations 
increased among overweight 
participants in the intervention 
group compared with control 
at 3 months (adjusted OR = 
16.4, 95% CI 1.3 to 214, p = 
0.02). 
 
There was a reduction in body 
weight among the lower 
educated intervention 
participants compared with 
control at 3 months (adjusted 
difference, β = -1.6kg, 95% CI 
-2.8 to -0.4, p = 0.01). 
 
Higher 
engagement/adherence to the 
programme did not result in 
increased PA. 

Engagement: majority of participants 
engaged with the intervention; 73% wore 
the activity monitor regularly and the 
website was used almost once a week.  
 
Acceptability: barriers to technology use 
included lack of interest and difficulty 
finding items on the website.   
74% of activity monitor users read the 
tailored advice, of whom 39% found it 
unappealing.  

Thorndike et 
al. 2014 

At the end of phase 1, there was no 
significant difference between the 
intervention and control groups in median 
daily steps overall (intervention 6369 vs. 
control 6063, p = 0.16) or mean daily steps 
on days the monitor was worn (intervention 
7886±3622 vs. control 7600±3492, p = 
0.63). 
 

Significant overall reduction in 
systolic BP from baseline to 
end of study: 121±15.4 mm Hg 
to 117±12.6 mm Hg (p = 
0.004). 
 
Significant overall increase in 
HDL cholesterol from baseline 
to end of study: 57±14.7 

↑ PA  
(team-based 
competition 
only) 

↓ systolic 
BP 
 
↑ HDL 
cholesterol 
 

The authors compared mean 
daily steps during inpatient 
rotations with outpatient 
rotations during the whole 
study; physicians were 
significantly more active during 
outpatient rotations (difference 
of 648 steps, p<0.001). 

Engagement: compliance with wearing 
the activity monitor was significantly 
higher in phase 2 than phase 1: 77% vs. 
60%, p<0.001. 
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Mean daily steps were significantly higher in 
phase 2 (team competition) than phase 1 
(individual monitoring) for those assigned to 
the control group in phase 1 (7971 vs. 7567, 
p = 0.002) but not for those in the 
intervention group (7832 vs. 7739, p = 0.13). 

mg/dL to 61±15.7 mg/dL 
(p<0.001). 
 
No significant change in 
diastolic BP, weight, BMI, 
waist circumference, total or 
LDL cholesterol. 

Torquati et 
al. 2018 

Significant reduction in daily MVPA from 
baseline to 3 months, median (IQR): 19.1 
(24.6) to 13.3 (13.9) minutes/day (p = 0.01). 
Near significant reduction in daily MVPA 
from 3 months to 6 months: median (IQR): 
13.3 (13.9) to 12.5 (13.4) minutes/day (p = 
0.07). 
Significant reduction in mean daily steps 
from baseline to 3 months (8,496±2,528 to 
8,136±2,395, p = 0.04). 
 
No significant changes in sedentary time 
from baseline to 3 months (p = 0.17) or from 
3 months to 6 months (p = 0.64). 

Significant increase in daily 
fruit and vegetable intake from 
baseline to 3 months (p = 
0.04). 
 
Significant improvement in 
self-rated health from month 3 
to month 6 (p<0.05). 
 
No significant changes in 
weight, BMI, waist 
circumference, blood 
pressure, PA or diet self-
efficacy or social support. 
 

↓ PA 
 
0 SB 

↑ diet  
(fruit and 
vegetable 
intake) 
 
↑ self-rated 
health 

Subgroup analysis with 
participants with complete 
data only did not change the 
significance of the findings 
(although MVPA increased at 
month 6 following an initial 
reduction). 

Engagement: Low engagement with the 
smartphone app, with 68.4% using it 
less than once per month or never.  PA 
goals were set infrequently, and social 
components were not used. 
 
Attrition was high, with only 12/47 (26%) 
attending the 6 month follow-up. 
 
Acceptability: Participants reported that 
changing both PA and diet at the same 
time was challenging.  Interviews 
revealed low perceived usefulness of the 
smartphone app. 
 
Overall reach was poor (13% of potential 
participants were reached and 9.4% 
were willing to take part). 
 
Implementation: Participants required 
more frequent contacts with researchers 
or a workplace champion.  

van Dantzig 
et al. 2013 

A significantly higher reduction in computer 
activity (mean minutes of activity, 30 minutes 
before and after receiving (virtual) text 
message) was observed in the intervention 
group compared with control: 
Intervention group reduction of 10 minutes 
vs. control group reduction of 5.9 minutes, 
p<0.001. 
 
Non-significant within- or between-group 
change in PA (average value during 5 
minute interval before and after a message) 
(p-value not reported). 

Not studied 0 PA 
 
↓ SB 
 
(but control 
group 
received 
mHealth 
intervention) 

Not studied Engagement with the 
intervention was explored with 
subgroup analysis.  There was 
no significant impact of 
proportion of text messages 
read on computer activity 
(p>0.10) and no significant 
interaction between proportion 
read and time (p>0.10), i.e. 
receiving messages led to 
breaks but content was not 
important. 

Engagement: an average of 46% (SD = 
34.6) of the total number of text 
messages sent were read. 

Yeung et al. 
2017 

Significant increase in median daily steps 
from blinded to unblinded intervention period 
(p = 0.001): 

Not studied ↑ PA Not studied Subgroup analysis by 
occupation.  Surgical residents 
had significantly higher steps 

Moderate engagement with Fitbit: device 
wear ranged from 91% in those 
volunteering for the activity tracking 
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Notes: 

IG = Intervention Group; CG = Control/Comparison Group; PA = Physical Activity; SB = Sedentary Behaviour; MVPA = Moderate-to-Vigorous Physical Activity; MD = Mean Difference; BMI = Body Mass 

Index; BP = Blood Pressure; ± = Standard Deviation; N/A = Non-Applicable; AUSDRISK = Australian Type 2 Diabetes Risk Assessment Tool; IQR = Interquartile Range; LDL = Low Density Lipoprotein; HDL 

= High Density Lipoprotein; CRP = C-Reactive Protein; OR = Odds Ratio; CDC = Centers for Disease Control 

↑ = significant increase in outcome  ↓ = significant decrease in outcome  0 = no significant change in outcome (between-group or within-group) 

a Significant p-values (where reported in included papers) are in bold 

 

 

 

 

 

 

 

 

 

Median (IQR) 
Weeks 1-4 (blinded): 7260 (2410) steps/day 
Weeks 5-8 (unblinded): 8266 (3306) 
steps/day 
 
Significant increase in number of participants 
achieving an average of ≥10,000 steps/day 
(p = 0.04): 
Weeks 1-4 (blinded): n = 9 (12%) 
Weeks 5-8 (unblinded): n = 17 (23%) 

than non-surgical residents (p 
= 0.018), however differential 
impact of the intervention was 
unclear.  
 
Participants who elected to 
join the activity tracking group 
had higher median daily steps 
than those who did not (7938 
vs. 7442, p = 0.042), however 
the direction of the effect is 
unclear (may be due to prior 
increased motivation). 

group to 51% in those not volunteering 
(unblinded period).  A decline in 
engagement was seen over the 12 
weeks in the latter group only. 
 
Attrition: high adherence with 74/86 
(86%) participants completing the study.   
 
Acceptability: The most common barrier 
to participation was loss of the Fitbit 
(7/86, 8%). 
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DISCUSSION 

While the methodological quality of many of the included studies was weak, 

based on this review there is reasonable evidence that mHealth interventions in 

workplace settings are a potentially effective and feasible method for increasing 

PA.  There is some evidence that they may also be effective in reducing SB.  

However, findings are mixed and effect sizes are small, particularly for the 

impact on SB and in the longer term. 

A significant increase in PA, either over time or relative to the control or 

comparison group, was observed in 56% (14/25) of studies, and in a higher 

proportion of studies rated as ‘high’ or ‘moderate’ quality (7/10, 70%).  The 

findings in relation to SB were less clear, with only 40% (4/10) of studies 

reporting a significant reduction in sedentary time, and a further three studies 

reporting relative increases in certain measures of sedentary time.  It may be 

that reducing sedentary time at work leads to corresponding increases in time 

spent sedentary outside of work; this demonstrates the importance of holistic 

interventions that take both work and non-work contexts into account (Gilson et 

al., 2017). 

It is important to assess feasibility in addition to effectiveness of complex 

interventions such as mHealth (Craig et al., 2008, Bowen et al., 2009).  Many 

studies included measures of engagement with the intervention, and the vast 

majority showed a decline in engagement over time.  It is not yet clear whether 

this disengagement from the technology is detrimental to behaviour change or if 

sustained behaviour change can be achieved without continued used of the 

mHealth tool.  Future studies could draw comparisons with, and learn from, 

eHealth interventions to reduce SB and increase PA in the workplace, such as 

the studies by Mainsbridge et al. (2014) (Mainsbridge et al., 2014), Pedersen et 

al. (2014) (Pedersen et al., 2014) and Irvine et al. (2011) (Irvine et al., 2011).  

Only a small number of studies included qualitative measures of acceptability 

such as interviews to explore participants’ experiences, mechanisms of 

behaviour change and reasons for the decline in engagement.  Future studies 

should focus on these areas.  There also appears to be a need for more 

standardised definitions, assessment and reporting of engagement and 

acceptability in the field of mHealth (McCallum et al., 2018). 
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The findings generally concur with the existing evidence for potential 

effectiveness and acceptability, most prominent in the short term, reported in 

reviews of mHealth interventions for PA and SB in non-workplace contexts 

(Fanning et al., 2012, Bort-Roig et al., 2014, Muntaner et al., 2016, Schoeppe et 

al., 2016, Direito et al., 2017).  Due to considerable heterogeneity and the small 

number of high quality studies, it was not possible to draw any definitive 

conclusions on the relative effectiveness or acceptability of different types of 

interventions, although there was some evidence that wearable activity monitors 

alone, and standalone mHealth interventions with no additional ‘offline’ 

components, were less likely to result in increased PA.  Similarly, previous 

reviews have suggested that multi-component interventions may be more 

effective than standalone mHealth interventions (Schoeppe et al., 2016, Nuffield 

Health, 2018). 

This review is the first to focus on mHealth technology for the promotion of PA 

and reduction of SB in workplace interventions.  A recent systematic review by 

Stephenson and colleagues which assessed the impact of computer-based, 

mobile and wearable technologies on SB suggested that the effects of 

workplace interventions may be more prominent than non-workplace 

interventions at medium term follow-up (Stephenson et al., 2017).  While there 

was insufficient data to test this hypothesis in the present review, this highlights 

the potential importance of setting and the possibility of differential results. 

There was a small amount of evidence to suggest that mHealth for PA and SB 

may be more effective for more sedentary employees (Finkelstein et al., 2016, 

Poirier et al., 2016, Schrager et al., 2017) and those with lower levels of 

education (Slootmaker et al., 2009).  There may also be differential 

effectiveness according to health status at baseline (Rowe-Roberts et al., 

2014), BMI and ethnicity (Losina et al., 2017).  Future studies should aim to 

clarify which subgroups are likely to benefit most from workplace mHealth 

interventions.  The acceptability and impact of mHealth for underrepresented 

groups such as shift workers, who experience unique barriers to PA and may 

have an elevated risk of cardiovascular disease (Puttonen et al., 2010), 

diabetes (Gan et al., 2015) and obesity (Sun et al., 2018), should also be 

explored further. 
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The review found some evidence for a positive impact on health and wellbeing 

outcomes (physiological and psychological) of mHealth interventions for PA and 

SB.  It is recommended that future studies investigate the wider impact on 

health and wellbeing in addition to measures of ‘organisational wellness’ such 

as productivity, sickness absence and economic analyses, which were included 

as outcomes in only a small minority of studies.  Most studies included in this 

review focused on workplaces in developed countries, with many based in 

academic and healthcare organisations.  There will be a need for more diverse 

samples in a greater range of workplace settings as mHealth becomes more 

prevalent. 

A ‘weak’ quality rating was assigned to a high proportion (15/25, 60%) of 

studies.  Selection bias and lack of blinding were the weakest areas overall, 

although these are common issues in workplace and mHealth interventions 

(Cancelliere et al., 2011, Muntaner et al., 2016).  Many studies lacked a true 

control group or did not include a reliable measure of baseline activity.  Studies 

were highly heterogeneous in terms of methodology and outcomes, and some 

studies used data collection methods for the primary PA or SB outcome with 

below satisfactory validity and reliability.  The mHealth tool itself may be an 

efficient method for data collection, for example most commercial activity 

monitors provide a real-time, objective, valid and reliable measure of step count 

(Evenson et al., 2015).  This will be an important advance for studies that 

currently rely on self-reported data.  There is also a need for improved reporting 

and consistent use of outcome measures to facilitate future synthesis of findings 

and meta-analyses.  Combined with the relatively small number of included 

studies and mostly small sample sizes, these factors make it difficult to draw 

definitive conclusions regarding the impact of mHealth on PA and SB. 

The most frequently used mHealth interventions were wearable activity 

monitors or trackers and/or smartphone apps.  However, interventions were 

highly heterogeneous in terms of both mHealth and additional content, 

frequency, duration and mode of delivery.  Similar to previous reviews of 

mHealth for PA and SB, the most commonly identified BCTs included self-

monitoring, feedback, goal-setting and social comparison (Stephenson et al., 

2017, Schoeppe et al., 2016, Sullivan and Lachman, 2016).  Several studies 

incorporated rewards (virtual or real) and social support in their interventions.  
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Prompts and cues were more frequently used to target SB; this BCT was also 

frequent in the workplace interventions reviewed by Stephenson et al., 

compared with non-workplace interventions (Stephenson et al., 2017).  

However, descriptions of interventions and BCTs were unclear or incomplete in 

many cases and it was not possible to determine with confidence which specific 

techniques were incorporated.   

Future studies should aim for more transparent reporting of intervention content 

and specification of embedded BCTs, to facilitate identification of the most 

impactful and acceptable intervention components.  There may also be a need 

for new behaviour change taxonomies specifically for mHealth interventions, for 

example to include in-app competitions, various types of gamification, virtual 

avatars, and to distinguish between virtual and real rewards.  It was also 

apparent that many interventions did not have a strong theoretical or evidence 

basis.  It has been suggested that new behaviour change models and theories 

may be needed to account for the interactive, dynamic and adaptive nature of 

mHealth interventions (Riley et al., 2011). 

Long-term impact and acceptability of mHealth technology is still unclear.  

There is a need for studies with longer duration of follow-up, further qualitative 

investigation of reasons for the substantial decline in engagement over time and 

subsequently how engagement may be maximised.  Mixed methods studies will 

be particularly valuable to elucidate the feasibility and acceptability of mHealth 

to promote PA and reduce SB in a workplace setting, as well as determining the 

longer term impact on outcomes. 

 

Strengths and limitations 

Strengths of this review are that it was conducted in accordance with PRISMA 

guidelines (Moher et al., 2009), the robust nature of the search strategy, study 

selection and data extraction process, and the systematic assessment of study 

quality using the EPHPP tool (Thomas et al., 2004).  The review 

comprehensively included a range of study types, with a combination of 

quantitative and mixed methods studies.  This enabled synthesis of findings 

related to acceptability and engagement in addition to intervention 

effectiveness.  The identification of BCTs using an established taxonomy will 
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facilitate comparison of interventions and possible future replication.  The 

review is the first to consider studies of mHealth for PA and SB that were 

conducted in a workplace setting. 

The main limitations are that meta-analysis could not be performed due to the 

relatively small number of included studies, heterogeneity of methods and 

outcomes and incomplete reporting.  The high proportion of studies rated ‘weak’ 

for methodological quality limits confidence in the findings.  Furthermore, the 

possibility of publication bias should be recognised. 

 

Summary of recommendations for future research 

According to the findings of this review, it is recommended that future studies: 

 Use larger samples in more diverse workplace settings (outside of 

academia and healthcare), include underrepresented groups such as 

shift workers, and consider behaviour both within and outside of the 

workplace 

 Report more fully intervention components (including the identification of 

BCTs using established taxonomies such as CALO-RE) and outcomes 

 Focus on SB in addition to PA, and use objective and efficient data 

collection methods (including the mHealth tool itself) to capture this data 

 Where practicable, include a no-intervention control (experimental 

studies) or at least a reliable baseline measure of PA/SB (for quasi-

experimental studies) 

 Consider the wider impact on health and wellbeing, and work-related 

outcomes such as productivity and sickness absence 

 Use mixed and qualitative methods to explore short- and long-term 

impact, feasibility and acceptability, including participants’ experiences, 

reasons for the decline in engagement with mHealth technology, 

mechanisms of behaviour change, and the relationship between 

engagement and intervention effectiveness 

 Capture data on adverse events associated with mHealth technology use 
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 Explore further the relative impact and feasibility of standalone mHealth 

and multi-component interventions, including those combined with other 

online and offline components 

 Explore subgroup differences, including which interventions and 

components/BCTs are most acceptable and impactful, and for whom 

 

CONCLUSION 

There is reasonable evidence to support the use of mHealth in the promotion of 

PA in workplace interventions.  Despite low methodological quality, early 

studies have demonstrated feasibility, acceptability and potential effectiveness 

of mHealth based interventions in a workplace context.  The longer term impact, 

and the impact on SB, are less clear.  There is a clear need for new high 

quality, mixed methods studies with better reporting of interventions and 

outcomes, in order to explore the reasons for decline in engagement over time 

and the longer term potential of mHealth in workplace interventions for 

promoting PA and reducing SB. 

 

Abbreviations 

BCT = Behaviour Change Technique 
EPHPP = Effective Public Health Practice Project 
mHealth = mobile health 
MET = Metabolic Equivalent 
MVPA = Moderate-to-Vigorous Physical Activity 
PA = Physical Activity 
RCT = Randomised Controlled Trial 
SB = Sedentary Behaviour 
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2.4 Summary 

This systematic review of 25 experimental and quasi-experimental studies 

found evidence to support the use of mHealth technology (wearable activity 

monitors and smartphone apps) to promote PA in workplace settings.  This was 

the first published review of mHealth for PA and SB in this context.  In 

accordance with the evidence from existing reviews of mHealth in non-

workplace contexts (Fanning et al., 2012, Bort-Roig et al., 2014, Muntaner et 

al., 2016, Schoeppe et al., 2016, Direito et al., 2017), there was reasonable 

evidence that mHealth interventions are feasible, acceptable and potentially 

effective in increasing PA, at least in the short term.  This review contributed a 

more comprehensive synthesis than earlier reviews, incorporating evidence 

from a range of study designs and considering not only effectiveness of 

interventions, but also findings in relation to feasibility and acceptability, 

including factors such as engagement, attrition and participant satisfaction.  

Behaviour change techniques (BCTs) were coded using the CALO-RE 

taxonomy (Michie et al., 2011b) to systematically characterise interventions with 

minimal bias. 

The review also revealed remaining gaps in evidence in this field.  There was 

insufficient evidence to draw any firm conclusions on long-term impact and 

acceptability, although most longer-term studies found a decline in engagement 

with mHealth technology over time.  There was also limited and inconsistent 

evidence for the impact of mHealth on SB in workplace settings.  Few studies 

had qualitatively assessed feasibility and acceptability, and the wider impact on 

health, wellbeing and productivity was unclear.  The included studies were 

predominantly set in universities and healthcare organisations and there were 

no studies of mHealth interventions for PA or SB in the police force.  The gaps 

identified were used to help to define the specific research questions for the 

PAW-Force study, which are given in Chapter 1. 

Many of the included studies were of weak methodological quality according to 

the EPHPP quality assessment tool.  It was recognised that some of the 

aspects of study quality were universal and unavoidable issues, such as 

potential selection bias resulting from recruitment of volunteers in the 

workplace, and the infeasibility of blinding participants to the mHealth 
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interventions.  Nevertheless, the EPHPP assessment criteria were considered 

in the design of the PAW-Force study, and the limitations of the studies 

identified in the review were considered and used to guide methodology for the 

study.  The intervention was clearly defined and reported with coding of BCTs, 

and outcomes were comprehensively reported to facilitate meta-analysis for 

future systematic reviewers.  A valid and reliable primary outcome was 

selected, with a reliable baseline measure.  In addition, potential confounders 

were considered in analysis of the results (i.e. capture of data on factors 

influencing PA levels).  The next chapter will include a description of the 

intervention and methods. 
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CHAPTER 3 THE PAW-FORCE STUDY: INTERVENTION AND METHODS 

 

In this chapter, the methods used in the PAW-Force study are outlined.  This 

includes a description of the study design, setting and recruitment, the 

intervention, data collection and outcomes, and data analysis methods. 

 

3.1  Study design 

3.1.1 Overview and rationale for study design 

While the intervention was decided by the Devon and Cornwall Police, the study 

design was developed in consultation with academics and key stakeholders in 

the police force.  Decisions were made based on the existing evidence base in 

addition to strategic and practical considerations for the police force.  After 

extensive discussion, a quasi-experimental single group pre- and post- pilot 

study design was considered more appropriate than an experimental approach 

(e.g. a randomised controlled trial, RCT), for the following reasons: 

 Based on gaps in existing evidence, it was deemed necessary to 

consider a range of aspects including feasibility and acceptability of both 

the intervention and study methods.  It was agreed that a feasibility or 

pilot study design was most appropriate to meet this need.  A key aim 

was to explore the feasibility of outcomes and potential impact, rather 

than definitive effectiveness. 

 Organisational leaders had already taken the decision to promote the 

Bupa Boost app widely across the police forces involved.  This was an 

issue resulting from the ‘real-world’ nature of the study, which made 

controlling which individuals did and did not receive the intervention 

infeasible.  In addition, randomising between sites would not have been 

feasible as the sites (Plymouth Basic Command Unit (BCU) and North 

Dorset territorial region) were diverse socio-demographically and 

geographically.  Randomising within sites raised the issue of possible 

contamination; officers and staff could be partially exposed to the 

intervention and encouraged by their colleagues. 

 There was a need for a consistent, objective measure of physical activity 

(PA) for all participants.  If a control group had worn a Fitbit® activity 

monitor they would be receiving some degree of intervention.  There was 
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questionable value in including a comparison or control group that was 

not a ‘true’ control group, as several previous workplace mobile health 

(mHealth) intervention studies had done (such as Gremaud et al., 2018, 

Patel et al., 2016a, Patel et al., 2016b, Patel et al., 2018, and van 

Dantzig et al., 2013).  The use of accelerometers was considered for 

capturing PA and sedentary time, but this posed logistical issues and 

was considered burdensome for police officers, who already had to wear 

the Fitbit® in addition to the policing uniform and equipment. 

 Non-RCT designs are increasingly being advocated for mHealth studies; 

these are considered more appropriate and efficient given the rapidly 

changing and complex nature of mHealth technology (Dallery et al., 

2013, Pham et al., 2016, McCallum et al., 2018, Arigo et al., 2019). 

 

3.1.2 Why and how mixed methods were used 

A mixed methods approach is recommended by the UK Medical Research 

Council (MRC) for the evaluation of complex interventions (Moore et al., 2014) 

and is considered important when assessing feasibility (Bowen et al., 2009).  

This approach was taken to capture quantitative outcomes in relation to impact 

of the technology, and more qualitative aspects such as feasibility and 

acceptability of the intervention.  A fuller picture and more comprehensive 

understanding was produced through the incorporation of both quantitative and 

qualitative data. 

The key dimensions of mixed methods designs include timing of methods 

(simultaneous or sequential), importance or priority, when quantitative and 

qualitative data are integrated, and function of integration (Bryman, 2006).  In 

the present study, a simultaneous design was used with quantitative and 

qualitative data collected concurrently, and equal importance was given to the 

two types of data.  Quantitative and qualitative data were integrated at the 

individual participant level during framework analysis, and to a greater extent at 

the dataset level during interpretation of overall findings (described in section 

3.5.3).  There were multiple functions of integration.  Quantitative data were 

used to inform sampling for subsequent qualitative interviews, for example to 

ensure that participants with a range of baseline activity levels (and those who 

had shown varying degrees of engagement with the intervention and behaviour 
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change) were represented.  Qualitative data were used to expand on, explain, 

and triangulate with quantitative findings.  The two main types of triangulation, 

confirmation and complementarity (Small, 2011), were used (see section 

3.5.3). 

 

3.1.3 Ethical approval and study registration 

Ethical approval for the PAW-Force study was granted by the University of 

Exeter Medical School Research Ethics Committee in March 2017 (Ref. 

Mar17/B/116).  

The study protocol was registered with ClincalTrials.gov in May 2017 (Ref. 

NCT03169179). 

 

3.2  Setting, recruitment and sampling 

3.2.1 Setting 

The study was conducted in two sites - Plymouth BCU, Devon and Cornwall 

Police (an urban site) and North Dorset territorial region, Dorset Police (a more 

rural site).  Most police officers and staff who worked at Plymouth BCU were 

based at one of four sub-sites (Crownhill, Charles Cross, Devonport and 

Plympton/Plymstock).  The main work streams within Plymouth BCU included 

local investigation, local/neighbourhood policing and response policing.  There 

were several additional work teams within the BCU including intelligence, 

communications and administration.  North Dorset was composed of four main 

sub-sites (Blandford, Gillingham, Shaftesbury and Sturminster Newton).  The 

policing functions covered by these sites included local/neighbourhood policing 

and response policing. 

 

3.2.2 Recruitment  

Recruitment took place from April to May 2017.  The study was advertised using 

a range of methods, including: 

 posters in the workplace; 

 the Devon & Cornwall and Dorset Police intranets; 

https://clinicaltrials.gov/show/NCT03169179
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 e-mails throughout the organisations; and 

 staff bulletins. 

Special constables, who did not have access to the company intranet, received 

information on the study via the ‘DutySheet’ software program.  Targeted e-

mails were also sent via the organisations’ ‘admin hubs’ to ensure police staff 

were included.  The relevant Communications teams for the Devon and 

Cornwall and Dorset Police forces assisted in promoting the study during the 

recruitment phase.  Officers and staff who were interested in participating 

expressed their interest to the researcher (via telephone or e-mail), and were 

provided with an information sheet (see Appendix 4a) and a link to complete 

the online screening and consent forms (see Appendix 4b).  

All participants were volunteers.  Sampling methods used were a combination 

of initial opportunistic sampling (participants were selected on a ‘first come first 

served’ basis) and later purposive maximal variation sampling to ensure 

representation of the various occupational groups (police officers, police staff, 

Police Community Support Officers or PCSOs, and special constables).  

Snowballing via word of mouth was also used to complement the maximal 

variation sampling method. 

Inclusion criteria were those who expected to be employed within the police 

force for the duration of the study, and who owned (or had access to) a 

smartphone or tablet that was compatible with the Bupa Boost app (Apple or 

Android 4.0.3 or higher), with Bluetooth and internet access.  The only exclusion 

criterion was severe limited mobility, i.e. those who would be physically unable 

to increase their step count over the duration of the study. 

Following completion of screening and consent forms, eligible participants were 

contacted with further details and information on when and where to collect the 

Fitbit® device.  Those who were ineligible (or who failed to provide consent) 

were informed of this and thanked for their interest. 

 

3.2.3 Sample size calculation 

It is important to justify sample size in feasibility and pilot trials (Billingham et al., 

2013).  The number of participants to be recruited was based on feasibility and 
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availability of resources, the sample size required for statistical significance, and 

estimated attrition.  Although the aim of the study was not to establish 

effectiveness, power calculations were performed as a starting point to 

determine an appropriate sample size.  Power calculations were based on 

effect sizes reported in similar existing studies (see Appendix 3 for details of 

calculations).  The expected effect sizes for the primary quantitative outcome 

variable (mean daily step count) and key secondary outcomes (weekly minutes 

of moderate-to-vigorous physical activity (MVPA) and SF-12 Health Survey 

score) were considered and the largest calculated sample size was taken.  

Sample size calculations were performed in Stata version 14.0 (StataCorp, 

2015) using the paired t-test comparing two correlated means.  Calculations 

were based on 80% power and the 5% significance level (p = 0.05). 

A sample size of 128 was shown to be sufficient to detect a mean increase in 

daily step count of 300 (standard deviation, SD = 1000, correlation 0.3) or 500 

(SD = 2000, correlation 0.5).  This was also sufficient to detect changes in the 

secondary outcomes being considered.  It was difficult to predict the expected 

attrition rate, as dropout rates in existing mHealth studies in the workplace have 

been highly variable, ranging from 0% to 74% (Buckingham et al., 2019).  A 

minimum target sample size of 150 was initially specified to allow for 15% 

attrition.  Due to higher than expected interest in the study and an ample supply 

of Fitbit® devices, the sample size was further increased to approximately 180 

(allowing for 25 to 30% attrition). 

Of the 190 participants screened for eligibility, 182 began the study.  Further 

detail on the numbers of participants recruited is given in Chapter 4. 

 

3.2.4 Sampling of interviewees 

Potential participants indicated their willingness to be interviewed on the 

consent form for the main study (see Appendix 4b).  Of the 182 eligible 

participants who began the study, 175 (96%) provided consent to be 

interviewed.  A purposive sample from this group was selected for baseline 

interviews, with maximal variation according to age, gender and occupation.  

Both sites (Plymouth BCU and North Dorset) were represented.  Participants 

interviewed at baseline (n = 10) were invited to take part in subsequent 
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interviews (post-intervention and follow-up).  However, due to reasons of 

availability, a need to ensure representation of those with a range of activity 

levels, and a need to ensure representation of those who had shown various 

levels of engagement with the intervention and behaviour change, some 

additional interviewees were purposively selected for later interviews.  In total, 

32 interviews were conducted with 16 participants.  Further detail on the 

number and characteristics of interviewees is given in Chapter 4.  As described 

in section 3.1.2, quantitative data were used to help to ensure a varied sample 

for qualitative data collection.  The quantitative data included baseline step 

count, step changes through the study and usage data (including Fitbit® wear 

time and use of the Bupa Boost app).   

 

3.3  The intervention and study procedures 

3.3.1 Overview of the intervention and study process  

As illustrated in Figure 2, participants received a 12-week intervention with 8 

months to follow-up.  Following collection of their Fitbit Charge 2® activity 

monitor from the relevant administrative office at each site, participants were 

instructed to wear the device on their wrist for seven consecutive days at 

baseline (week 0) while continuing to maintain their usual activity levels.  The 

screen was covered by a sticker during this baseline week, and participants 

were asked not to log in to the Fitbit® app during this time; this helped to ensure 

a valid pre-intervention measure of the primary quantitative outcome (daily step 

count). 

Following completion of the first (baseline) questionnaire, participants entered 

the intervention phase, where they began to use the Fitbit® (with the screen 

uncovered) together with the Bupa Boost app.  The 12-week intervention was 

divided into an ‘individual’ and a ‘social’ phase.  During weeks 1 to 6, 

participants were instructed to only use the ‘individual’ features of the Fitbit® and 

Bupa Boost app.  These included: 

 goal-setting (to increase their daily step count and any other PA goals 

that were important to them); 

 self-monitoring;  

 receiving feedback on progress via the app;  
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 earning virtual rewards for their achievements (wellness points and 

badges); and 

 access to the ‘Bupa library’ within Bupa Boost, for self-help information 

on maintaining a healthy lifestyle. 

During weeks 7-12, participants entered the ‘social’ phase, where they were 

encouraged to link up with their colleagues within the Bupa Boost app.  In 

addition to the ‘individual’ features, they were able to: 

 compare themselves with their colleagues via a social feed; 

 compete with their colleagues (in individual challenges and/or working 

as part of a team in company challenges); and 

 give and receive social support through virtual ‘likes’ and messages.   

 

While participants were also able to use the Fitbit® app in the intervention 

phase, they were encouraged to only use the Bupa Boost app for the social 

features.  At the end of the 12 weeks, there was a five month ‘maintenance 

phase’ during which participants continued to use the Fitbit® and Bupa Boost 

app as and when they desired.  A detailed description of the intervention 

(including component features and inherent behaviour change techniques or 

BCTs) is provided in section 3.3.3. 

As shown in Figure 2, step data were collected at four time points – baseline 

(week 0), mid-intervention (week 6), post-intervention (week 12) and follow-up 

(month 8).  Participants were asked to complete an online survey at the same 

four time points; this captured data on self-reported PA and sedentary time, 

physical and mental health-related quality of life, perceived stress and 

perceived productivity.  The surveys also included quantitative and qualitative 

outcomes in relation to engagement and acceptability of the intervention (such 

as perceived usability and usefulness).  Step data were downloaded by 

participants and uploaded to the survey or e-mailed to the researcher.  

Outcomes are described fully in section 3.4.3. 

Interviews were conducted at three time points – baseline (week 0), post-

intervention (week 12) and follow-up (month 8).  Interview methods are 

described in detail in section 3.4.4. 
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Figure 2 Overview of the PAW-Force study process 
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3.3.2 Study management 

The study was managed remotely, with regular written instructions sent via e-

mail by the researcher.  These included details of how to register, wear and 

charge the Fitbit®, how to obtain and upload step count data, how to use the 

Bupa Boost app and how to connect it to the Fitbit®, and where to find further 

information or support with technical issues.  Participants also received written 

guidance on setting ‘SMART’ goals (Specific, Measurable, Achievable, Relevant 

and Time-bound).  Details of instructions sent at various time points are 

included in Appendix 4e. 

While there were no formal ‘facilitators’ in the study, at times when the 

researcher was unavailable, participants were signposted to a designated 

health and wellbeing champion at each site (a police inspector in Plymouth BCU 

and a PCSO in North Dorset), who provided assistance and support with 

queries.  Queries included those related to study participation and technical 

issues with the Fitbit® device or Bupa Boost app.  A supply of spare Fitbits®, 

chargers and straps was also available from the administrative offices at each 

site; these were distributed to individuals as and when needed.  It is important 

to note that the researcher and health and wellbeing champions had a 

supportive role only, and did not play an active role in delivering the 

intervention.  The PAW-Force intervention was intended as a self-directed and 

standalone mHealth intervention, delivered with minimal in-person input, as this 

was the least resource-intensive and most practical approach. 

 

3.3.3 The PAW-Force intervention: Description and theoretical basis 

3.3.3.1 Description and coding of the intervention 

Systematic reviews of mHealth studies in workplace and non-workplace settings 

have reported that interventions are often poorly described (Direito et al., 2017, 

Howarth et al., 2018, Buckingham et al., 2019) and frequently lack a clear 

theoretical basis (Fanning et al., 2012, Bort-Roig et al., 2014).  Explicit reporting 

of complex interventions and their theoretical components is a key 

recommendation of the MRC and the National Institute for Health and Care 

Excellence (NICE) (National Institute for Health and Care Excellence, 2007, 

Craig et al., 2008).  This is necessary to understand which components of the 
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intervention may be most impactful, to enable comparison and replication of 

interventions, and to facilitate further development and evaluation of 

interventions and theories (Craig et al., 2008, Abraham and Michie, 2008). 

The PAW-Force intervention (i.e. the Fitbit® and Bupa Boost app) was ‘ready-

made’, that is provided by the Devon and Cornwall Police Force in conjunction 

with Bupa rather than designed or developed by the research team, and 

therefore was not based on any particular overarching theory.  Despite this, 

care was taken to ensure that its behavioural components were clearly 

identified and reported. 

The intervention was coded according to Michie and colleagues’ ‘Coventry, 

Aberdeen and London – Refined’ (CALO-RE) taxonomy, a standardised 

classification system of BCTs for PA and healthy eating behaviours (Michie et 

al., 2011b).  A BCT is defined as a theory-based component that is designed to 

change behaviour.  The CALO-RE taxonomy was selected as it was specifically 

designed for PA and healthy eating behaviours, and has been used widely 

including in interventions of smartphone apps and wearable activity monitors 

(Conroy et al., 2014, Mercer et al., 2016).  The CALO-RE taxonomy also 

contains a relatively small number of BCTs (n = 40), which were felt to be more 

relevant compared with other available taxonomies, such as the Behaviour 

Change Taxonomy version 1, which contained 93 more generic BCTs (Michie et 

al., 2013).  Furthermore, the CALO-RE taxonomy had been used to code 

interventions in the systematic review (see Chapter 2). 

The subjective nature of the coding process was an important consideration.  

Although clear definitions of BCTs are given by Michie and colleagues, some 

subjectivity in judgement cannot be avoided.  Other researchers have noted that 

the identification and coding of BCTs in wearable activity monitors may depend 

on how the user experiences the device and which features are discovered 

(Mercer et al., 2016).  To minimise subjective biases, the PAW-Force 

intervention was independently coded by two researchers (S. Buckingham and 

A.J. Williams) who were trained in the Behaviour Change Taxonomy version 1 

(no separate training programme exists for the CALO-RE taxonomy) and who 

had used both the Fitbit® and Bupa Boost app.  For the small number of BCTs 

where disagreement existed, consensus was reached through discussion.  The 
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specific BCTs identified within the Fitbit® and Bupa Boost app and the 

associated components or features are detailed in Table 6. 
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Table 6 Coded BCTs and intervention components within the Fitbit® activity monitor and 
Bupa Boost app 

Specific behaviour 
change technique (BCT, 

CALO-RE taxonomy) 

Included in 
Fitbit®? 

(S = Social 
phase 
only) 

 

Component or 
feature 

Included in 
Bupa Boost 

app? 
(S = Social 
phase only) 

Component or 
feature 

1. Provide information on 
consequences of 
behaviour in general 

N  Y Self-help information 
on PA and health 
(Bupa library) 

2. Provide information on 
consequences of 
behaviour to the 
individual 

N  N  

3. Provide information 
about others’ approval 

Y* (S) Messaging with 
friends (approval or 
disapproval). 

Y (S) Messaging with 
colleagues (approval 
or disapproval).   
‘Likes’ for others’ 
achievements. 

4. Provide normative 
information about 
others’ behaviour 

Y* (S) Compare weekly 
steps and 
achievements with 
friends within app.   

Y (S) Social feed – compare 
daily PA and goals 
achieved with 
colleagues.   
Leader board – 
compare wellness 
points and 
achievements with 
colleagues (weekly, 
monthly, all time). 
 

5. Goal setting 
(behaviour) 

Y Set activity goals in 
app, e.g. 10,000 
daily steps, 30 daily 
active minutes, 250 
steps per hour. 

Y Set general or specific 
PA/fitness goals 
(choose from 
suggested list or 
custom, e.g. walk to 
work).  Also nutrition, 
mindfulness and 
relaxation (if desired). 

6. Goal setting (outcome) Y Set weight goals in 
app (if desired) 

N  

7. Action planning Y Activity goals 
specified in terms of 
context, frequency, 
duration or intensity 
– e.g. 10,000 daily 
steps. 

Y Set specific activity 
goals in app – e.g. 
walk to work on three 
days per week. 

8. Barrier identification / 
problem solving 

N  N  

9. Set graded tasks Y Small goals of 250 
steps per hour – 
helps to meet overall 
daily step goal. 

N  

10. Prompt review of 
behavioural goals 

Y Detail of goals 
achieved given in 
app.  Goals can be 
edited at any time. 

Y Tick off goals in app 
when achieved.  Goals 
achieved are listed in 
‘activity feed’.  Goals 
can be edited at any 
time. 

11. Prompt review of 
outcome goals 

Y Weight goals may be 
reviewed and edited 

N  
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Specific behaviour 
change technique (BCT, 

CALO-RE taxonomy) 

Included in 
Fitbit®? 

(S = Social 
phase 
only) 

 

Component or 
feature 

Included in 
Bupa Boost 

app? 
(S = Social 
phase only) 

Component or 
feature 

at any time (if 
desired) 

12. Provide rewards 
contingent on effort or 
progress towards 
behaviour 

Y Virtual badges for PA 
progress and ‘lifetime 
achievements’ (e.g. 
the ‘London 
Underground’ badge 
for walking 402 
kilometres in total) 

Y Earn wellness points 
for progress towards 
behaviour (e.g. earn 
more points for higher 
daily steps).  Virtual 
badges for PA 
progress and ‘lifetime 
achievements’. 

13. Provide rewards 
contingent on 
successful behaviour 

Y Virtual badges and 
trophies for achieving 
goals. 

Y Wellness points and 
virtual badges for 
goals achieved (and 
goal streaks). 

14. Shaping Y Graded (virtual) 
rewards for greater 
achievements over 
time. Goal streaks 
within challenges* 

Y Graded (virtual) 
rewards for greater 
achievements over 
time.  Goal streaks. 

15. Prompting 
generalisation of a 
target behaviour 

N  N  

16. Prompt self-monitoring 
of behaviour 

Y Monitoring of steps, 
distance, calories 
burned, floors 
climbed, active 
minutes (also 
biofeedback - sleep 
and heart rate) 

Y Monitoring of steps 
and activity duration 
(via data from Fitbit®) 

17. Prompt self-monitoring 
of behavioural outcome 

Y Monitoring of resting 
heart rate and weight 
(if desired) 

N  

18. Prompting focus on 
past success1 

N  N  

19. Provide feedback on 
performance 

Y Feedback on 
progress towards 
goals and goals 
achieved (in-app and 
notifications).  
Includes visual 
feedback – colour 
changes to green 
when activity goals 
are met.  Feedback 
is real-time and 
personalised.  Can 
also review past 
reports of PA and 
sedentary time in 
app (also heart rate 
and sleep if desired) 

Y Feedback on progress 
towards goals and 
goals achieved (in-app 
and notifications).  
Real-time and 
personalised.  View 
past reports of PA, 
goals achieved, and 
previous wellness 
points and badges. 

20. Provide information on 
where and when to 
perform the behaviour 

N  N  
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Specific behaviour 
change technique (BCT, 

CALO-RE taxonomy) 

Included in 
Fitbit®? 

(S = Social 
phase 
only) 

 

Component or 
feature 

Included in 
Bupa Boost 

app? 
(S = Social 
phase only) 

Component or 
feature 

21. Provide instruction on 
how to perform the 
behaviour 

N  N  

22. Model / demonstrate 
the behaviour 

N  N  

23. Teach to use prompts / 
cues 

Y Smart notifications 
for PA and SB, e.g. 
reminders to move 
when 250 steps per 
hour not reached 

Y Prompts/notifications 
to remind the 
individual when a goal 
has not been 
achieved. 

24. Environmental 
restructuring 

N  N  

25. Agree behavioural 
contract 

N  N  

26. Prompt practice N  N  

27. Use of follow-up 
prompts 

N (Prompts are 
consistent in 
frequency throughout 
the intervention and 
maintenance phase) 

N (Prompts are 
consistent in frequency 
throughout the 
intervention and 
maintenance phase) 

28. Facilitate social 
comparison 

Y* (S) Compare weekly 
steps and 
achievements with 
friends within app.  
Social challenges. 

Y (S) Social feed. 
Leader board. 
Individual and group 
competitions / 
challenges. 

29. Plan social support / 
social change 

Y* (S) Supportive 
messaging with 
friends. 

Y (S) Supportive messaging 
with colleagues.  
‘Likes’ for others’ 
achievements. 

30. Prompt identification as 
role model / position 
advocate 

N  N  

31. Prompt anticipated 
regret 

N  N  

32. Fear arousal N  N  

33. Prompt self-talk N  N  

34. Prompt use of imagery N  N  

35. Relapse prevention / 
coping planning 

N  N  

36. Stress management / 
emotional control 
training 

Y Relaxation exercises 
within the Fitbit® 
(guided breathing) 

N  

37. Motivational 
interviewing 

N  N  

38. Time management N  N  

39. General communication 
skills training 

N  N  

40. Stimulate anticipation 
of future rewards 

Y User is aware from 
the outset that 
(virtual) rewards will 
be given for progress 
and achievements. 

Y View available badges 
and achievements / 
activities needed to 
earn them. 

* = minimal use in this intervention (participants were encouraged to focus on the Bupa Boost app for 

these behaviour change techniques)  1 Review of past reports of PA and sedentary time is not classed as 

focus on past success as this BCT relates to behaviour preceding the intervention according to the CALO-

RE taxonomy 
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In summary, the intervention included 20 of a possible 40 unique BCTs 

according to the CALO-RE taxonomy.  Five BCTs were included in the Fitbit® 

(or Fitbit® app) only; these were: goal-setting for outcome; set graded tasks; 

prompt review of outcome goals; prompt self-monitoring of outcome; 

stress management training.  One BCT (provision of information on 

consequences of behaviour in general) was included in the Bupa Boost app 

only.  A further 14 BCTs were included in both the Fitbit® and Bupa Boost app: 

 Provide information about others’ approval (social phase only) 

 Provide normative information about others’ behaviour (social 

phase only) 

 Goal-setting (behaviour) 

 Action planning 

 Prompt review of behavioural goals 

 Provide rewards contingent on effort or progress towards 

behaviour 

 Provide rewards contingent on successful behaviour 

 Shaping 

 Prompt self-monitoring of behaviour 

 Provide feedback on performance 

 Teach to use prompts / cues 

 Facilitate social comparison (social phase only) 

 Plan social support / social change (social phase only) 

 Stimulate anticipation of future rewards 

 

Participants were encouraged to use the Fitbit® with the Bupa Boost app.  The 

Fitbit® app and Bupa Boost app were linked via a tick box within Bupa Boost, 

which enabled data on steps and activity duration to be automatically extracted 

and included in an ‘activity feed’ in the Bupa Boost app.  It was necessary to 

download the Fitbit® app to set up the Fitbit®, link it to Bupa Boost, access help 

features etc., but participants were encouraged to focus mainly on using the 

Bupa Boost app, particularly for the social phase in weeks 7 to 12.  This was to 

maximise consistency of the intervention received between participants.  

Similarly, participants logged on to the Fitbit® website to download their step 

data files but received no intervention content through the website. 
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3.3.3.2 Basis for ‘individual and ‘social’ phases 

The ‘individual’ and ‘social’ phases (described in section 3.3.1) had a practical 

and theoretical basis.  While it was initially planned to explore the various 

intervention components in a larger number of groups or phases, this was not 

feasible as access to specific features could not be restricted within the Bupa 

Boost app.  Social influence theories emphasise the effects of social factors on 

behaviour, for example Bandura’s social cognitive theory states that learning 

and behaviour change occur as a direct result of observing others (Bandura, 

1997).  It was therefore hypothesised that the ‘social’ app features, which 

included social support, competition and comparison in addition to all of the 

‘individual’ features, would have a greater perceived and observed impact on 

PA than the individual features alone.  The Socio-Ecological Model (described 

in Chapter 4) also proposes that the more layers that are targeted by an 

intervention, the more likely behaviour change is to occur, i.e. targeting both the 

individual and interpersonal layers will have a greater impact than the individual 

layer alone (Bronfenbrenner, 1989, Stokols, 1996, Robinson, 2008).  A number 

of previous studies had provided support for the power of social processes in 

mHealth for behaviour change.  For example, King and colleagues found that a 

socially framed app (including social support, modelling, normative feedback 

and competition) was associated with greater increases in PA and greater 

reductions in sedentary time than an analytically framed app and an affectively 

framed app with no social features (King et al., 2016).  However, other studies 

had found no differences in PA between app-based individual and social 

feedback (Harries et al., 2016).  In the PAW-Force study, it was feasible for 

participants to experience all of the individual features within the Bupa Boost 

app (weeks 1 to 6) before linking up with their colleagues within the app, which 

automatically gave them access to all of the social features (weeks 7 to 12). 

 

3.3.3.3 Proposed logic model for the intervention 

The MRC recommends producing a logic model to improve conceptualisation 

and understanding of complex interventions and their causal pathways (Moore 

et al., 2014).  It is recommended that the logic model should capture the core 
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components of process evaluation and how they interact with each other, 

including implementation (what is delivered and how), mechanisms of impact 

(how the intervention works, including participant responses, mediators and 

consequences), outcomes (short, intermediate and longer term), and the wider 

context in which the intervention is delivered (Moore et al., 2014). 

Prior to the start of the PAW-Force study, a logic model was developed and is 

shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    
 

Figure 3 Logic  
model of the  
intervention  
(pre-study) 
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In this logic model, mechanisms may apply to more than one intervention 

component and vice versa.  For example, self-efficacy may be enhanced 

through both goal-setting and feedback.  Similarly, goal-setting and self-

monitoring may lead to improved knowledge and awareness and greater self-

efficacy.  We aimed to clarify the preferred and most impactful intervention 

components and associated mechanisms of impact in this study. 

It is important to consider barriers and facilitators related to engagement with 

the intervention (which will inhibit or facilitate the mechanisms of impact, for 

example lack of technological skills may prevent use) and barriers and 

facilitators for PA within the police force, both within and outside of the 

workplace (which may impact on mechanisms and outcomes, and potentially 

also implementation).  These may be at individual, social and organisational 

levels.  We aimed to elucidate these barriers and facilitators and develop a 

deeper understanding of behaviour change mechanisms in this context.  

Contextual factors, i.e. anything external to the intervention such as individual 

socio-demographics, organisational policy, or geographical site, may impact on 

(or be impacted by) implementation, mechanisms and outcomes.  We aimed to 

improve understanding of the wider context of PA and sedentary behaviour (SB) 

in the police force, and the impact of context on the success (or failure) of the 

intervention. 

Some outcomes may be directly influenced through the intervention (for 

example reduced stress through setting mindfulness and relaxation goals in the 

Bupa Boost app) or indirectly influenced through increased PA (Emerson et al., 

2017).  There is a proposed negative association between PA and sedentary 

time – as PA increases, sedentary time is expected to reduce and vice versa.  It 

was proposed that there will be a similar negative association between health 

and wellbeing and stress, and that these outcomes would in turn lead to 

improved productivity (Guo et al., 2015) and reduced sickness absence 

(Baicker et al., 2010).  It was hypothesised that reduced sickness absence may 

include both fewer sickness episodes and shorter durations of absence.  It was 

proposed that a positive reinforcing loop between the outcomes of PA and 

sedentary time and health and wellbeing and reduced stress may become 

apparent in the longer term.  It was postulated that longer-term behaviour 

change mechanisms may include improved self-efficacy, habit formation and 
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intrinsic motivation.  Outcomes in the short and longer term were explored 

quantitatively and qualitatively. 

Key assumptions of this model were that there was a need to improve PA levels 

and reduce SB within the police force, that the infrastructure and resources 

available would be sufficient to run a pilot study of the intervention, and that it 

would be feasible to recruit participants to the study to explore these processes. 

A revised logic model based on the study findings is presented in Chapter 8. 

 

3.4 Data collection and outcomes 

3.4.1 Overview of research questions and data sources 

The research questions and methods used in the process and outcome 

evaluation of the PAW-Force study are shown in Figure 4.  The six main 

research questions were each addressed using a combination of quantitative 

and qualitative data sources, including objectively measured step count, data 

from online surveys, participant interviews, a separate survey with police 

managers, commissioners and occupational health staff, and sickness absence 

data.  Each of these data sources is presented below.  



 
 

Data collected on study process outcomes (e.g. 

reach and recruitment, adherence and attrition, 

outcome completion and acceptability) 

CONCLUSION BASED ON ALL ABOVE METHODS  

Q2. Is mHealth and fitness technology (Fitbit 

and Bupa Boost app) a feasible and 

acceptable intervention in the police force? 

(M, I, C) 

Q3. Does the intervention assist police 

officers and staff in increasing physical 

activity and reducing sedentary time?  If so, 

who is likely to benefit most? (M, O) 

Q4. Which intervention components are 

preferred and potentially most likely to 

result in behaviour change? (M, O) 

Q5. Are there any wider benefits in terms of 

improved health and wellbeing, reduced 

stress, improved productivity and reduced 

sickness absence? (M, O) 

Q6. Will a future larger scale effectiveness 

trial be feasible and acceptable in this 

context? (I, C) 

Q1. What is the context (prevalence, 

opportunities, barriers, facilitators) of 

physical activity and sedentary behaviour in 

the police force? (C) 

Participant survey: perceived usability and 

usefulness, preferred phase, engagement (self-

reported Fitbit® wear time and app usage) 

Participant survey: qualitative responses (e.g. 

reasons for lack of engagement) 

Participant interviews  

Survey with managers, commissioners and 

occupational health staff  

Objective physical activity data (Fitbit®) 

Self-reported data on physical activity and 

sedentary time (IPAQ survey) 

Self-reported health and wellbeing (SF-12 survey), 

perceived stress (PSS-4) and productivity: 

absenteeism, presenteeism and combined 

productivity score (HPQ) 

Objective sickness absence data (staff records) 

C = Context 

M = Mechanisms 

I = Implementation 

O = Outcomes 

Figure 4 Principal research questions and methods in the PAW-Force study: Process and outcome evaluation 
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3.4.2 Objective physical activity data (Fitbit®)  

The primary quantitative outcome was (change in) mean daily step count as 

recorded by the Fitbit®.  This objective measure was selected for its known validity 

and reliability.  Evidence from systematic reviews indicates that Fitbit® activity 

monitors have high validity for the outcome of step count when compared with 

research-grade accelerometers in both laboratory and ‘free-living’ situations 

(Evenson et al., 2015, Feehan et al., 2018).  High inter-device reliability for recording 

of steps has also been indicated (Evenson et al., 2015, Dontje et al., 2015). 

Step data were collected at baseline (week 0), mid-intervention (week 6), post-

intervention (week 12) and follow-up (month 8).  Participants were instructed to use 

the Fitbit® website to download their step data from the previous seven days 

(automatically collected by the activity monitor) at each time point.  They then either 

uploaded their step data (as a CSV or Excel file) to the online survey or sent it 

directly via e-mail to the researcher.  Mean daily step count from the previous seven 

days was calculated by the researcher for each participant (see section 3.5.1.1). 

 

3.4.3 Online surveys 

At the same time as uploading their step count data (in week 0, week 6, week 12 and 

month 8), participants were asked to complete an online questionnaire relating to 

their PA levels, sedentary time, health-related quality of life, perceived stress and 

self-perceived productivity.  Surveys were administered and managed using 

LimeSurvey (Limesurvey GmbH, 2003), an open source online survey application.  

Data were transferred securely to the researcher using a unique study ID. 

Before being administered to participants, the survey was piloted with 10 non-

participants (friends and colleagues of the researcher).  The purpose of this was to 

obtain feedback on questionnaire content and structure (which was used to make 

some small improvements to readability and format), and to estimate the time it 

would take each participant to complete the questionnaire (approximately 10-15 

minutes). 

The baseline questionnaire was available for only five days to ensure a timely and 

simultaneous start of the study for all participants, whereas each subsequent 
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questionnaire was available for approximately 10 days.  A maximum of two 

reminders at each data collection point was sent to participants who had not 

completed the survey. 

The following questionnaires and data/outcomes were included: 

 International Physical Activity Questionnaire (IPAQ) short version (week 0, 

week 6, week 12, month 8) 

The need to capture activities in addition to step count, and also sedentary 

time, was recognised.  Despite providing an accurate measure of steps, 

studies had shown that Fitbit® activity monitors had unknown or poor validity 

for other types of PA and may overestimate moderate and vigorous PA while 

underestimating sedentary time (Reid et al., 2017, Dominick et al., 2016).  

The IPAQ was selected to capture self-reported PA and sedentary time.  The 

questionnaire has known validity and reliability in a range of populations 

internationally (Craig et al., 2003).  The IPAQ captured data on PA during the 

previous seven days which coincided with the data collection period for steps.  

Clear definitions and visual examples of moderate and vigorous activities 

were given, based on Ainsworth’s compendium of physical activities 

(Ainsworth et al., 2011), to assist participants with completion.  The IPAQ 

outcomes included: 

o Total PA (in minutes/week and MET-minutes/week*)  

o Moderate-to-vigorous PA or MVPA (MET-minutes/week*) 

o Sedentary time (estimated hours spent sedentary on a typical 

weekday)   

o The IPAQ also provided a categorical outcome for ‘low’, ‘moderate’ or 

‘high’ activity level based on the other outcomes (definitions are given 

in Chapter 4). 

*Note: MET-minutes/week is the usual outcome from the IPAQ (Craig et 

al., 2003).  The scoring spread sheet used (Cheng, 2016) did not allow 

calculation of minutes/week of MVPA. 
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 SF-12 Health Survey (week 0, week 6, week 12, month 8) 

The SF-12 Health Survey (Ware et al., 1996) was used to assess generic 

health and wellbeing including physical and mental health-related quality of 

life.  The SF-12 was selected for its concise nature, suitability for use in a 

healthy population, and known validity (Okonkwo et al., 2010).  In this 12-item 

questionnaire, participants were asked to recall and report how they felt 

physically and emotionally during the previous four weeks. 

The outcomes included: 

o Physical Component Score (scale of 0-100*) 

o Mental Component Score (scale of 0-100*) 

*Note: Higher scores indicate higher health-related quality of life 

 Perceived Stress Scale (PSS-4) (week 0, week 6, week 12, month 8) 

The 4-item version of the Perceived Stress Scale (PSS-4) was selected as it 

has been widely used with known validity and reliability (Cohen et al., 1983, 

Cohen and Williamson, 1988, Warttig et al., 2013).  The PSS was designed 

as a measure of perceived stress in community samples and has been 

previously used in the police force, for example to study the impact of a 

resilience training intervention in an urban police department (Ramey et al., 

2016).  Study participants provided Likert-scale responses based on how they 

had felt during the previous four weeks.  The outcome was a single stress 

score on a scale of 0 to 16 (higher scores indicate higher perceived stress). 

 Self-perceived productivity from the absenteeism and presenteeism questions 

of the World Health Organisation (WHO) Health and Work Performance 

Questionnaire (HPQ) (week 0, week 6, week 12, month 8) 

The absenteeism and presenteeism questions of the WHO’s Health and Work 

Performance Questionnaire (HPQ) provided summary measures of perceived 

productivity in the workplace.  The HPQ has been validated in a range of 

occupations (Kessler et al., 2003) and has been reported to have excellent 

validity, reliability and sensitivity to change (Kessler et al., 2004).  Participants 

were asked to report their absenteeism and presenteeism (i.e. working whilst 

unwell) during the previous four weeks.  The outcomes included: 
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o Absolute absenteeism (hours lost per month) 

o Relative absenteeism (absenteeism relative to expected hours of work) 

o Absolute presenteeism (self-rated work performance) 

o Relative presenteeism (self-rated work performance relative to 

colleagues) 

o Combined productivity score (relative absenteeism and relative 

presenteeism) 

 Socio-demographic, occupational and health data (week 0 only) 

The following data were collected at baseline: 

o Age (years) 

o Gender 

o Ethnicity 

o Marital status 

o Living circumstances (e.g. living alone) and children 

o Dog ownership (known to be an important independent determinant of 

PA and SB and therefore an important variable to include and control for 

in PA trials (Dall et al., 2017))  

o Postcode and urban/rural residence 

o Education 

o Occupational details including: 

 Organisation, site and work team 

 Occupation/rank 

 Whether role is mainly active/sedentary/equally active and 

sedentary 

 Years of service in the police force 

 Working hours and shift work 

 Income category (pro-rata if part-time) 

o Smoking status 

o Alcohol use 

o Presence/absence of a chronic health condition (and name of condition) 

o Previous use of a wearable activity monitor and/or health or fitness app 
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 Engagement with the intervention (week 6, week 12 and month 8, with wear 

and usage questions additionally included in week 0) 

o Wear time for Fitbit® device (self-reported frequency and duration) 

o Usage time for Bupa Boost app (self-reported frequency and duration) 

o Reasons for disengagement with the Fitbit® and/or Bupa Boost app 

o Goals set (including whether goals were set and details of goals set) 

o Which features of the Bupa Boost app were used 

o Perceived usability and usefulness of the Fitbit® and Bupa Boost app 

(Likert scale responses, week 6 and week 12 only) 

 Reporting of whether any specific events impacted on activity levels during the 

previous week, and specification of these (e.g. illness, annual leave) (week 0, 

week 6, week 12, month 8) 

 Details of participation in any new PA schemes or activities run by the police 

force since the beginning of the study (i.e. possible co-interventions) (month 8 

only) 

 

A copy of all surveys used in the study is included in Appendix 5.  

 

3.4.4 Participant interviews 

Semi-structured interviews were conducted at three time points – prior to the 

intervention (week 0) to build an understanding of participants’ expectations, and at 

post-intervention (week 12) and follow-up (month 8) to gain more in-depth 

information on experiences throughout the study.  Thirty-two interviews were 

conducted with 16 participants (see section 3.2.4 for details of selection of 

interviewees and Chapter 4 for full numbers and characteristics).  A theory-based 

topic guide was developed for each interview (see Appendix 6).  As qualitative 

research is an iterative process (Dicicco-Bloom and Crabtree, 2006), earlier 

interviews were used to inform the topic guide for subsequent interviews.  The 

interviews at each time point had a different purpose, although some overlapping 

themes were explored through all three interviews.  The key themes explored in 

each interview are shown in Table 7. 
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Table 7 Interviews and key themes explored 

Interview Themes 

Pre-intervention 
(week 0) 

Prior experiences and expectations of mHealth / fitness technology 

Post-intervention 
(week 12) 

Short-term engagement with the intervention 
 
Experiences and short-term behaviour change 
 

Follow-up 
(month 8) 

Longer-term engagement and experiences 
 
Maintenance of PA levels 
 
Experience of study participation 
 

All interviews Wider context of PA and SB in the police force (including workplace 
PA initiatives, use, barriers and suggestions) 
 
Barriers and facilitators for PA 
 
Barriers and facilitators for technology use 

 

With the exception of one face-to-face interview, all interviews were conducted via 

telephone.  This was the most practical method for reasons of convenience for 

interviewees; most interviews took place during work time and could easily be 

rearranged at short notice.  Telephone interviews were also more feasible for the 

interviewer, as participants were based in geographically dispersed and remote 

locations.  There is evidence that well designed and planned telephone interviews 

can yield useful and high quality data, of the same quantity, nature and depth as 

face-to-face interviews (Taylor et al., 1998, Sturges and Hanrahan, 2004).  All 

interviews were audio-recorded and transcribed verbatim, with consent given before 

the interview began.  Field notes were taken during or immediately after each 

interview and used to guide analysis.  The number of interviews was based on data 

saturation; when no new themes were apparent at each time point, no further 

interviews were conducted.  Interviews ranged from 10 to 27 minutes’ duration. 

For reasons of availability of resources and to ensure consistency, all interviews 

were conducted by a single researcher.  Reflexivity and transparency are essential in 

qualitative research interviews (Dicicco-Bloom and Crabtree, 2006), as the 

characteristics of the researcher and his or her relationship with participants may 

influence study conduct and interpretation of findings (Tong et al., 2007).  In the 

PAW-Force study, the interviewer was a white female PhD student from a health 
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research background, with some knowledge but little experience of the policing 

occupation.  Prior to interviews being conducted, interviewees were personally 

unknown to the researcher, and all contact had been via e-mail or telephone.  

Interviewees were fully aware of the purpose of the research, and participated 

voluntarily.  While subjectivity is unavoidable in qualitative research, bias was 

minimised by avoiding leading questions, maintaining a neutral stance, and only 

answering questions about the findings of the research at the end of the follow-up 

interview.  To ensure a reliable understanding of interview content, verbal summaries 

were given by the interviewer during and at the end of interviews, and confirmed with 

interviewees. 

 

3.4.5 Survey with managers, commissioners and occupational health staff 

Workplace interventions are more likely to be successful with support from staff at all 

organisational levels including higher-level managers (Hendriksen et al., 2016b, 

Brand et al., 2017).  A separate short online survey (also administered using 

LimeSurvey) was conducted with a sample of managers, commissioners and 

occupational health and wellbeing staff within the Devon and Cornwall and Dorset 

Police forces.  The aim of this survey was to explore the perceived feasibility, 

acceptability and cost-effectiveness of the intervention for the wider workforce. 

Potential participants were identified from the Devon and Cornwall and Dorset Police 

web pages and through key contacts made during the study.  A purposive sample 

was selected to ensure representation of a range of occupations and sites.  

Participants were approached via e-mail, given an information sheet (see Appendix 

4c) and asked to complete the online consent form and survey (see Appendix 4d 

and Appendix 5e) if they agreed to take part.  Twenty-three individuals were invited 

to take part in the survey; of these, there were 10 respondents. 

The survey contained mainly open-ended questions relating to perceived usefulness 

of mHealth and fitness technology in the police force, perceived benefits for 

individual staff and the organisation, perceived cost-effectiveness, and (in keeping 

with the theme of context) other recommendations for policies or strategies to 

encourage PA and reduce SB in the police force.  Survey respondents were asked to 

disclose their organisation and occupational role but demographic data such as age 
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and gender were not collected as this was felt to be less relevant for this part of the 

study. 

 

3.4.6 Sickness absence data 

As part of the consent form for the PAW-Force study (see Appendix 4b), 

participants indicated whether they agreed to allow their individual sickness absence 

records to be accessed for the purpose of the research.  Consent was provided by 

180 of the 182 eligible participants who began the study (99%).  The data for those 

who had provided consent were requested from the Performance and Analysis 

teams of the Devon and Cornwall and Dorset Police forces.  Data were requested for 

recorded sickness absence for each individual during two time periods – pre-

intervention (June 2016 to May 2017) and post-intervention (June 2017 to May 

2018).  Details of total days lost (the total duration of illness) and duty days lost (work 

days lost due to illness) were provided for each sickness episode.  These were used 

to calculate three main quantitative outcomes, first for each individual then at an 

aggregate level for all participants.  The outcomes were total days lost, duty days 

lost and total number of sickness episodes (pre-intervention and post-intervention).  

Reasons for sickness absence were also collected and aggregated.  Due to issues 

of data quality and completeness, sickness absence data were only available for the 

Plymouth BCU site.  

 

3.4.7 Feasibility of study methods 

To answer research question 6 (Will a future larger scale effectiveness trial be 

feasible and acceptable in this context?) (see Figure 4, section 3.4.1), the following 

outcomes were assessed quantitatively and qualitatively: 

 Reach and recruitment, including: 

o Reach and recruitment as perceived by interviewees 

o Actual numbers recruited to time and target 

o Representativeness of the sample (occupation, age, gender and 

ethnicity) compared with the wider police forces using organisational 

data 
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 Adherence and attrition 

o Percentage of participants who did not complete the study.  Attrition 

was defined as the percentage of participants who consented to 

participate and began the intervention but failed to provide any data at 

8 month follow-up. 

o Participant-reported reasons for dropout 

 Comparison of study completers and non-completers 

o Study completers (i.e. those who provided data for one or more 

outcomes at the 8-month follow-up) were compared with non-

completers (i.e. those providing no data at 8-month follow-up).  

Independent samples t-tests and Chi-squared tests were used to 

compare the two groups by socio-demographic and occupational 

characteristics, health, and baseline measures of quantitative 

outcomes (objective and self-reported PA, sedentary time, physical and 

mental health-related quality of life, perceived stress and productivity). 

 Feasibility and acceptability of data collection procedures and outcomes 

o Proportions/percentages of participants providing data on objective and 

self-reported PA 

o Acceptability of data collection methods (including burden of 

questionnaire completion) as perceived by interviewees 

o Feasibility of collection of secondary data (i.e. sickness absence data) 

 Acceptability of study participation 

o Any other general or specific views on study participation (as perceived 

by interviewees) 

 

3.4.8 Additional feasibility data 

A consideration of unexpected mechanisms or consequences is recommended as 

part of process evaluation and feasibility (Moore et al., 2014).  Such outcomes have 

been underreported in the mHealth literature.  Although not considered major  

outcomes (and therefore not included in Figure 4), participants were asked to report 

any adverse events or issues experienced with the Fitbit® and Bupa Boost app 

during the study.  This included negative physical and psychological consequences, 
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and issues such as malfunctioning Fitbit® devices.  These were recorded on a 

spread sheet and contributed to the assessment of feasibility of the intervention. 

 

3.5 Data analysis 

3.5.1 Quantitative analysis 

A statistical analysis plan was produced prior to the start of the study.  A combination 

of descriptive and inferential analysis was used to explore the context of PA and SB 

in the police force at baseline (Q1), to assess the impact on PA, sedentary time and 

secondary outcomes (Q3 and Q5), and to examine which intervention components 

(individual versus social) were preferred and potentially most impactful (Q4).  

Descriptive analysis was also used to quantitatively explore aspects such as use of 

or engagement with the Fitbit® and Bupa Boost app (part of Q2). 

Where inferential analysis was used, the estimated effects (e.g. means or mean 

differences) were reported with standard deviations, 95% confidence intervals and p-

values.  A p-value <0.05 was considered statistically significant and all tests were 

two-tailed.  Quantitative analysis was performed using Microsoft Excel and Stata 

version 15.0 (StataCorp, 2017). 

 

3.5.1.1 Preparation of data for analysis 

Mean daily step count was calculated for each participant at each outcome 

assessment point (week 0, week 6, week 12 and month 8).  As previous researchers 

had done (Wang et al., 2016, Poirier et al., 2016), a minimum wear criterion was 

applied so that mean daily steps were only calculated for participants who had worn 

the Fitbit® for five or more of the previous seven days including at least one weekend 

day, and where more than 500 steps per day were recorded.  Adjusted averages 

were calculated for some participants; where they stated there had been a specific 

event (such as illness) impacting on their activity level for a particular day, this day 

was excluded from analysis.  If baseline step data were unavailable, subsequent 

step data were excluded from analysis. 

Scoring protocols were followed for all validated questionnaires (IPAQ, SF-12, PSS-

4 and HPQ).  IPAQ outcomes were calculated using a pre-designed Excel spread 
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sheet (Cheng, 2016).  Spread sheets were created by the researcher for scoring of 

the SF-12, PSS-4 and HPQ. 

 

3.5.1.2 Baseline data analysis 

Descriptive analysis (including mean, standard deviation, range and 

proportions/percentages) was used for key demographics and baseline values of all 

primary and secondary outcomes.  Tabular and graphical summaries (histograms, 

bar charts, box plots) were produced for key variables to assess their distribution. 

Subgroup differences were explored in baseline mean daily step count, self-reported 

PA and sedentary time, in addition to secondary outcomes including health-related 

quality of life, perceived stress and perceived productivity.  Independent samples t-

tests were used for binary variables (e.g. gender) and one-way analysis of variance 

(ANOVA) was used for variables with more than two categories (e.g. age group, 

occupation).  Where the results of the ANOVA were significant, Tukey post-hoc t-

tests were performed for each group (only significant values were reported for Tukey 

comparisons).  The following assumptions were met for t-tests and the one-way 

ANOVA: continuous dependent variable; independent observations; two or more 

categories for the independent variable; approximate normal distribution of the 

dependent variable for each category with no significant outliers; and approximately 

equal variance between groups (checked using Bartlett’s test for equal variances). 

Correlations between baseline values of all continuous outcomes were explored.  

Associations between mean daily steps and self-reported PA and sedentary time 

were explored, in addition to correlations between mean daily steps and secondary 

outcomes (health-related quality of life, perceived stress and perceived productivity).  

The assumptions for the parametric Pearson’s product-moment correlation were 

met, including related pairs and no significant outliers.  Linearity and 

homoscedasticity were checked using scatterplots.  All variables followed an 

approximately normal distribution.  The Pearson’s r correlation coefficients for the 

sample were reported, and were interpreted according to Cohen’s guidance; a 

correlation coefficient of 0.1 was considered small, 0.3 moderate, and 0.5 large 

(Cohen, 1988). 
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3.5.1.3 Assessment of impact of the intervention 

Changes in primary and secondary outcomes from baseline (week 0) to mid-

intervention (week 6), post-intervention (week 12) and follow-up (month 8) were 

explored using paired t-tests, correlations and regression. 

Paired t-tests were used to compare baseline values of primary outcomes (mean 

daily steps, self-reported PA and sedentary time) and secondary outcomes (health-

related quality of life, perceived stress and perceived productivity) with mid-

intervention, post-intervention, and follow-up values.  The assumptions for paired t-

tests were met, including continuous dependent variables and independent 

observations.  The normality of the distribution for changes in steps, self-reported PA 

and sedentary time (and also for changes in secondary outcomes) was explored 

visually using histograms and box plots.  Each variable of interest was approximately 

normally distributed, thus allowing parametric paired t-tests to be used.  The steps 

change from baseline to mid-intervention appeared to follow a less normal 

distribution, so the non-parametric Wilcoxon matched-paired signed rank test was 

also used; however as the p-values were very similar (and applying the central limit 

theorem to assume that the variable is approximately normally distributed), only the 

results for the parametric tests were reported. 

Subgroup analysis was performed to explore differences in changes in mean daily 

steps, self-reported PA and sedentary time, and some secondary outcomes, by 

baseline activity level (<10,000 vs. ≥10,000 steps/day), age, gender and occupation.  

A sensitivity analysis was carried out to control for external factors that might have 

affected participants’ activity levels throughout the study.  This analysis was 

performed with the mean daily steps outcome only, and included only participants 

who reported that no specific events had affected their PA level in the week prior to 

completing the survey. 

Correlations were used to explore associations of changes in mean daily steps with 

changes in self-reported PA and sedentary time, and with changes in secondary 

outcomes (health-related quality of life, perceived stress and perceived productivity).  

The procedures and assumptions for correlation analysis as described in section 

3.5.1.2 were followed.  Correlations were explored separately for participants with a 

baseline daily step count of <10,000 and ≥10,000. 
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Exploratory regression was carried out to investigate which participant 

characteristics may be associated with potential intervention effectiveness in both 

the short and longer term.  Both linear and logistic regressions were used with 

change in mean daily steps as the dependent variable.  Linear regression was first 

carried out with change in steps as a continuous outcome.  All assumptions were 

met; normal distribution and homoscedasticity of residuals (or error terms) were 

checked using histograms of residuals and plots of residuals against fitted values.  

For logistic regression, the dependent variable was dichotomised to increase in 

steps (1) and decrease or no change (0).  The assumptions of independent 

observations and low multicollinearity of predictor variables were met.  All predictor 

variables were also dichotomised for ease of interpretation of odds ratios.   

Regression models were developed using a forward selection process.  The 

relationships between predictor and dependent variables were checked using 

univariate regression (for linear regression) and Chi-squared tests (for logistic 

regression).  All variables with a p-value <0.2 were included in the model.  All 

potential interactions between predictor variables were considered.  Gender and 

police force were included even when not significant predictors of the change in 

steps as they were important control variables (and gender was significantly 

associated with steps at baseline).  As the results of the linear and logistic 

regressions were similar in terms of significance, only the logistic regression models 

were reported. 

To assess differences in the relative impact of the individual and social phase, the 

change in PA outcomes (mean daily step count, self-reported PA and sedentary 

time) between week 0 and week 6 was compared with the change in these outcomes 

between week 0 and week 12 using paired t-tests.  Subgroup differences (baseline 

activity level, age, gender and occupation) were again explored.  Differences in 

preferred phase by baseline activity level, age, gender, occupation and education 

were explored using Chi-squared tests. 

Multiple hypothesis testing was considered as a potential issue in analysis; however 

given the relatively small sample size and exploratory nature of the study, Bonferroni 

correction was not felt to be appropriate.  There are also problems with such 

corrections in that the likelihood of type 2 errors is also increased (Perneger, 1998). 
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3.5.1.4 Missing data 

It was assumed that missing data in the PAW-Force study were missing at random, 

i.e. systematic differences in missing and observed values may be explained by 

differences in observed data (Sterne et al., 2009).  Available case analysis or 

pairwise deletion was used and was a preferred method to listwise deletion to 

maximise the amount of data available for analysis.  Imputation methods were 

considered unnecessary for a study of this type (exploratory/feasibility).  Multiple 

imputation is a time- and resource-intensive procedure that requires the support of a 

statistician and would be considered more important in an effectiveness trial, while 

single imputation methods (such as last observation carried forward) may be 

unreliable, subject to various biases and may result in an underestimation of 

variability (Sterne et al., 2009). 

Participants who had withdrawn from the study before the 8-month follow-up 

assessment were asked for consent to use the data collected to date, and were 

included in analysis (if consent was given). 

 

3.5.1.5 Sickness absence data 

Analysis of sickness absence data (Plymouth BCU only) was performed in Excel.  

Descriptive statistics on number of sickness episodes, total days lost and duty days 

lost were produced for the study sample.  A comparison was made between one 

year pre-intervention (June 2016 to May 2017) and one year post-intervention (June 

2017 to May 2018), with the calculation of differences in frequency and percentage 

changes between the two time periods.  A Chi-squared test was used to statistically 

explore the numbers of participants with one or more sickness episodes versus no 

sickness episodes by time period.  Frequencies were calculated for categories of 

reasons for sickness absence (e.g. respiratory disorders, psychological disorders) 

and differences and percentage differences were compared pre- to post-intervention.  

Participants who had not been employed by Devon and Cornwall Police for the 

whole two-year period June 2016 to May 2018 were excluded from analysis.  

Participants who had withdrawn from the study were included (with consent) 
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provided they were still employed by Devon and Cornwall Police at the end of May 

2018. 

 

3.5.2 Qualitative analysis 

3.5.2.1 Participant interviews 

Interviews were analysed thematically using the Framework Method.  The 

Framework Method was developed by Ritchie and Spencer (Ritchie and Spencer, 

1994) and is an increasingly popular, systematic method for the management and 

analysis of qualitative interview data (Gale et al., 2013).  The defining feature of the 

Framework Method is the matrix output consisting of rows (participants or cases), 

columns (codes) and cells containing summaries of data.  The Framework Method 

has many advantages including its clearly defined, logical procedure, rigour and 

transparency, and flexibility to incorporate additional data such as quantitative data 

and field notes (Gale et al., 2013).  Field notes included information on participants’ 

background and occupation, the interviewer’s initial summary of the interview and 

early perceptions of themes, in addition to questions or topics for exploration. 

The Framework Method was selected for the PAW-Force study as it provided an at-

a-glance summary of findings and key quotes for each participant, facilitated 

comparisons between participants by theme (e.g. barriers to PA), and also allowed 

assessment of changes over time (by participant and by theme).  As the Framework 

Method is not associated with a specific epistemological or theoretical approach, it 

allowed interview data to be analysed both inductively (data-driven) and deductively 

(theory-driven).  For example, for the theme of perceived impact of the intervention 

on PA and sedentary time, analysis was deductively guided by the COM-B model of 

behaviour change (Michie et al., 2011a).  In contrast, other themes (or sub-themes) 

were inductively identified from the data, for example many interviewees talked 

about the impact of stress and sleep on their wellbeing. 

Analysis was carried out in NVivo version 11 (QSR International, 2015), with 

framework matrices imported into Excel for editing.  The main stages of analysis 

included: 
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1. Transcription of each interview.  All interviews were transcribed verbatim.  

Some interviews were transcribed directly by the researcher (S. Buckingham) 

while others were transcribed by an external company (GoTranscript®).  All 

transcripts were double-checked for accuracy by the researcher and 

corrections made as necessary. 

2. Familiarisation with the interview.  Transcripts were read and re-read in 

conjunction with field notes. 

3. Coding – working through each interview in turn, interesting content (words, 

short phrases, sentences or paragraphs) was assigned a descriptive or 

conceptual label.  The manual coding method in NVivo was used for this 

process. 

4. Developing a working analytical framework.  Based on coding of the first few 

transcripts, the resulting codes were used to form a working analytical 

framework in the structure of a ‘tree diagram’ in NVivo.  This was an iterative 

process, with refinements made based on coding of subsequent interviews 

until no new codes were generated.  Codes were reordered and grouped into 

categories during this process.  An example of an analytical framework (for 

baseline interviews) is given in Figure 5. 

5. Applying the analytical framework.  The remaining transcripts were indexed, 

i.e. content was coded according to the existing categories and codes. 

6. Charting data into the analytical framework.  A framework matrix based on the 

content of interview transcripts was produced in NVivo before being imported 

into Excel.  Each code was a separate column, and each participant formed a 

separate row.  The cells of the matrix were filled with summaries of the data 

(including interview content and field notes) and key quotations from 

interviews.  As previous researchers had done (Heath et al., 2012), quotes 

were underlined and assigned a rating based on usefulness (Q/QQ/QQQ).  

Some quantitative participant data were included in the framework matrix (see 

section 3.5.3).  Socio-demographic data (age, gender, occupation) were also 

included to facilitate exploration of potential subgroup differences.  As an 

example, a section of the framework matrix for the 8-month follow-up 

interviews is shown in Figure 6. 

7. Interpreting the data.  The matrix was reviewed with comparisons being made 

between participants (or cases) by codes, and within participants across 
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codes.  The codes were used to produce sub-themes, followed by broader 

themes.  This process was influenced by theory (deductive) and concepts 

generated from the data (inductive).   

 

Figure 5 Analytical framework of codes/categories for baseline interviews 
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Figure 6 Section of framework matrix for 8-month follow-up interviews 

 A : Continued engagement and 
use of Fitbit 

B : Continued engagement and 
use of Bupa Boost 

5 : DO10. Follow-up (first 
interview) 

 
  Phase = 3 

  Gender = Male 
  Age = 40+ 

  Occupation = Police officer 
 
7938 steps, moderately 
active, 931 weekly MET-
mins, 10 hours sedentary 
(increase in steps, activity 
unchanged, slight increase 
in sedentary time since 
baseline) 

Still highly engaged with Fitbit, 
wearing 24/7: 
"I've pretty much had the Fitbit 
attached to my wrist from the 
beginning. It's only left my wrist 
to charge for about an hour or 
so. It's on there pretty much 
permanently. It's a great bit of 
kit." QQQ 
 
Plans to continue to wear after 
study. 
 
Mainly uses to monitor steps 
and sleep. 

Still using Bupa Boost daily, 
particularly motivated by the 
social features: 
"I'm updating the Bupa Boost 
pretty much every day. We've 
got a good little group going in 
[site] which just keeps 
everybody motivated.  We've got 
some folks in there that are of all 
different sort of ranges and 
abilities."QQ 
 
Engagement with Bupa Boost 
improved over time: 
"It took a while to get used to.  
I'd probably say a couple of 
weeks just to understand the 
bits that I like."QQ 

8 : PL73. Follow-up 
 

  Phase = 3 
  Gender = Female 

 Age = 18-39 
Occupation = Police staff 

 
11535 steps, moderately 
active, 2026 weekly MET-
mins, 9 hours sedentary 
(large increase in steps, 
increase in activity, and 
reduction in sedentary time 
since baseline) 

Still wearing Fitbit 24/7 - "every 
day, all the time". 
 
Plans to continue using Fitbit 
and associated app.  Now uses 
the run function (i.e. exercise 
tool in addition to daily wear): 
"It's quite good because I could 
record how far I’m going, how 
fast I'm going and compare it to 
the last time I went so that's 
quite useful."Q 
 
Competes with friends (rather 
than colleagues) within Fitbit 
app. 

No longer uses Bupa Boost app, 
prefers social features of Fitbit 
app and competes against 
friends rather than colleagues. 

 

A different framework matrix was produced for each time point (baseline, post-

intervention and 8-month follow-up), but matrices were cross-referenced during 

analysis.  As only six individuals took part in all three interviews (for reasons of 

participant availability), detailed longitudinal analysis at an individual participant level 

was not carried out.  However, factors such as changes in levels of engagement with 

the intervention and PA behaviours over time were considered for all interviewees 

using available qualitative and/or quantitative data. 

Each interview had a specific purpose (as shown in Table 7, section 3.4.4); baseline 

interviews assessed expectations, post-intervention interviews explored short-term 

behaviour change, and follow-up interviews focused on longer-term engagement and 
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maintenance of PA.  Some themes (or sub-themes) were therefore unique at a 

particular time point (for example, long-term engagement in the 8-month follow-up 

interview only) while others were common themes across different interviews (for 

example, workplace PA initiatives including use, barriers and suggestions). 

While sufficient resources were not available to enable coding by two or more 

researchers, the framework matrices and themes generated were checked by an 

independent researcher (Dr. C. Guell).  This is one of the recommended ways to 

improve rigour in qualitative research (Tong et al., 2007). 

 

3.5.2.2 Survey responses 

In addition to interview data, some qualitative questions were included in the 

participant surveys and the survey with managers, commissioners and occupational 

health staff.  Responses to these questions were analysed thematically, following the 

guidance of Braun and Clarke (Braun and Clarke, 2006).  As with framework 

analysis, themes were identified both inductively and deductively.  Some content 

analysis was undertaken, for example reasons for disengagement with the Fitbit® 

and Bupa Boost app were categorised and frequencies reported.  For the managers’ 

survey, results were reported according to the survey questions with themes 

identified within each question. 

 

3.5.3 Mixed methods analysis  

Quantitative and qualitative data were collected and analysed concurrently 

throughout the study.  The stages at which quantitative and qualitative data may be 

integrated in a mixed methods study (design, data collection, analysis and 

interpretation) and three key techniques for integrating data (mixed methods matrix, 

following a thread and the triangulation protocol) are shown in Figure 7 (O'Cathain et 

al., 2010).  In the PAW-Force study, data were integrated at the analysis phase at an 

individual participant level within the framework matrix, and at the interpretation 

phase at the level of the dataset with triangulation of findings.  
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Figure 7 Stages and techniques for integrating data in mixed methods research (adapted from 
O'Cathain et al., 2010) 

 

 

 

 

 

 

 

 

 

      = Technique used in the PAW-Force study 

 

At an individual participant level, quantitative data for each individual interviewee 

were integrated into the framework matrix.  Mean daily step count, self-reported PA 

and sedentary time, and quantitative changes in activity levels over time, were 

included.  This integration of quantitative outcomes with the qualitative themes 

enabled a more detailed and comprehensive analysis and produced a more 

complete picture.  For example, the mixed methods matrix showed that those who 

were less active at baseline generally showed higher engagement with the 

intervention and higher PA levels in the short and longer term. 

Quantitative and qualitative data were also integrated at the level of the dataset, with 

key themes interpreted from both types of data together.  Qualitative findings were 

used to expand on, explain, and triangulate with (confirm and/or complement) 

quantitative data.  An example of expansion was for the theme of perceived usability 

and usefulness of the Fitbit® and Bupa Boost app, where in addition to the 

quantitative survey ratings, interviews provided in-depth views on specific positive 

and negative aspects of the technology.  As an example of explanation, interviews 

helped to explain the quantitative observation that self-reported PA increased 

significantly for study participants overall while daily steps did not significantly 

change (participants focused on a range of activities which would not necessarily 

have been recorded by the Fitbit® as steps).  Confirmation involves the use of 

multiple data sources to explore a phenomenon, to verify the findings from one type 
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of data with those from another (Small, 2011).  In the PAW-Force study, qualitative 

data on perceived impact on PA confirmed the quantitative finding that the 

intervention seemed to be of greatest benefit to those who were less active at 

baseline.  Complementarity is the use of mixed methods to explore related but 

different facets of a phenomenon, to yield an enriched understanding (Greene et al., 

1989).  An example of complementarity was for the theme of feasibility of study 

methods, where quantitative and qualitative data provided complementary 

information on different aspects of feasibility such as recruitment rates and perceived 

reach. 

As part of the triangulation process, discrepancies between the quantitative and 

qualitative findings were considered.  There was one main instance where the 

findings did not appear to agree (the apparent discrepancy between survey-

assessed and interview-reported health and wellbeing outcomes).  The findings were 

reconciled or reinterpreted and alternative explanations were sought.  It was also 

recognised that further research may be required to explore such complex 

phenomena. 

The interpretation of quantitative and qualitative findings together was also checked 

by a second researcher to improve rigour.  A summary of integrated quantitative and 

qualitative findings according to the six overarching research questions is given in 

Chapter 8. 

 

3.6 Summary 

The PAW-Force intervention and study methods were fully described in this chapter.  

Although the intervention (Fitbit® and Bupa Boost app) was not designed by the 

research team, 20 evidence-based behaviour change techniques were identified.  A 

mixed methods approach was adopted for the study, combining a range of 

quantitative (both objective and self-reported) and qualitative data sources to answer 

six key research questions.  The study findings will be presented in the following 

chapters. 
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CHAPTER 4 PARTICIPANTS, KEY BASELINE FINDINGS AND CONTEXT 

 

4.1  Introduction 

The aims of this chapter are to fully describe the study sample in terms of socio-

demographic and occupational characteristics, physical activity (PA) and sedentary 

behaviour (SB) (both within and outside of the workplace), and health and wellbeing 

at baseline, and to build a comprehensive picture of the context of the research.  The 

chapter includes quantitative and qualitative survey data in addition to qualitative 

data from interviews. 

An understanding of context is critical in complex interventions and is one of the 

three key components of process evaluation together with implementation and 

mechanisms of impact (Craig et al., 2008, Moore et al., 2014, Moore et al., 2015).  

Context includes “anything external to the intervention that may act as a barrier or 

facilitator to its implementation, or its effects” (Moore et al., 2015, p2).  Context may 

also influence mechanisms of impact and can explain why the intervention may work 

differently (or have differing levels of acceptability) for different individuals or in 

different settings.  Ease of interpretation and generalisability of findings will also 

result from a good understanding of context (Moore et al., 2015). 

The importance of context and external factors are also recognised in several 

influential behaviour change theories.  For example, the ‘COM-B model’ (described 

in Chapter 6) includes physical and social opportunity as determinants of behaviour 

(Michie et al., 2011a), and the organisational and community environment are 

important influences on behaviour in the Socio-Ecological Model (Bronfenbrenner, 

1989, Stokols, 1996, Lee et al., 2017).  As specified in the logic model for the PAW-

Force intervention (Figure 3), contextual influences may include the wider 

ActivAte2020 programme and organisational policy surrounding PA, health and 

wellbeing in the police force, barriers and facilitators to PA, differences by socio-

demographics or worksite (Plymouth BCU or North Dorset territorial region), and 

geographical, community or cultural factors. 

The next three sections of this chapter (sections 4.2 to 4.4) include a description of 

the flow of participants through the study, and description of the main socio-

demographic and occupational characteristics of study participants, followed by a 
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similar description of the subsample of interview participants.  This is followed by five 

sections (sections 4.5 to 4.9) of overarching themes relating to baseline findings 

and context which are based on interview themes combined with quantitative 

findings.  The themes are: active versus sedentary work roles; physical activity and 

sedentary time (including subgroup differences); health, wellbeing, stress and 

productivity (and associations with physical activity); opportunities, barriers and 

facilitators for physical activity in the police force; suggestions for promoting physical 

activity and reducing sedentary time in the workplace.  The chapter concludes with a 

discussion of the main findings which are related to the existing literature (section 

4.10). 

 

4.2  Participant flow diagram 

The number of participants enrolled in the study and participant flow from initial 

consent to completion of the final follow-up questionnaire are summarised in Figure 

8.  In brief, 190 police officers and staff completed the online screening and consent 

form; eight of these were ineligible and excluded for reasons shown in Figure 8.  

These reasons included: being on holiday or away from the workplace at the start of 

the study; having no access to a mobile device that is compatible with the Fitbit® and 

Bupa Boost app; expecting to leave the police force during the study period; having a 

medical operation during the study; working in a Bluetooth-controlled environment 

therefore unable to use the Fitbit® or a smartphone in the workplace.  The 182 

individuals who were eligible to participate in the study were provided with a Fitbit® 

activity monitor and were asked to complete the baseline questionnaire after wearing 

the (blinded) device for a week.  Two participants did not complete this questionnaire 

and were subsequently excluded.  Seven participants officially withdrew through the 

8 month study period (reasons for withdrawal are discussed further in Chapter 7).  

An additional proportion did not complete the questionnaires at each data collection 

point, i.e. 19/178 (11%) at week 6, 25/176 (14%) at week 12, and 30/173 (17%) at 

month 8 (note some participants completed earlier but not later questionnaires and 

vice versa).  Levels of completion for the various outcomes are discussed further in 

Chapter 7.  The overall participant retention rate from beginning the study to 8-

month follow-up was 143/182 (79%). 
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Figure 8 Participant enrolment and 
retention 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Completed consent form and 

assessed for eligibility (n = 190) 

Excluded post-consent (n = 8) 

 On holiday or off site at start of study (n = 3) 

 No compatible smartphone or tablet (n = 2) 

 Leaving police force (n = 1) 

 Health reasons – operation during 

intervention phase (n = 1) 

 Working in a Bluetooth-controlled 

environment, unable to use Fitbit or phone 

(n = 1) 

Started study and asked to complete 

baseline questionnaire (n = 182) 

Excluded as did not complete 

baseline questionnaire (n = 2)  

Week 0 Baseline (n = 180) 
Completed questionnairea (n = 180) 

Provided step data (n = 167)  

Withdrew:  
Became anxious about activity/sleep (n = 2) 

Week 6 Mid-intervention (n = 178) 
Completed questionnairea (n = 159)  

Provided step data (n = 118) 
Did not complete questionnaire (n = 19) 

Week 12 Post-intervention (n = 176) 
Completed questionnairea (n = 151)  

Provided step data (n = 114) 
Did not complete questionnaire (n = 25) 

Withdrew:  
Developed painful sore on wrist (n = 1) 
Did not wish to continue with study (n = 1) 

Withdrew:  
Leaving police force (n = 2) 
Did not wish to continue with study due to 
lack of time to increase activity during work 
day (n = 1) 

Month 8 Follow-up (n = 173) 
Completed questionnairea (n = 143) 

Provided step data (n = 87) 
Did not complete questionnaire (n = 30) 

All available data included in analysis  
a Numbers for questionnaires include partial 

completions.  
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4.3  Characteristics of study participants 

The socio-demographic and occupational characteristics of the 180 participants 

providing baseline questionnaire data are provided in Table 8.  The age of 

participants ranged from 19 to 64 years, with a mean age of 39.3±9.6 years.  Of the 

180 participants, 107 (59%) were male.  The majority of participants (n = 177, 98%) 

reported themselves as any White ethnicity.  The sample was diverse in terms of 

marital status (112/180 or 62% were married or in a civil partnership) and education 

(57/180 or 32% were educated to degree level or above).  Only 16% (n = 29) of 

participants lived alone.  Of the 180 participants, 68 (38%) were dog owners.  

Approximately half (54%, n = 96) of the participants reported their main residence as 

urban, 24% (n = 43) as suburban and 23% (n = 41) as rural. 

The majority of study participants (n = 128, 71%) served the Devon and Cornwall 

Police Force; all of these were based at the various sites within the city of Plymouth 

Basic Command Unit (BCU) (as shown in Table 9).  The remainder (n = 52, 29%) 

were employed by Dorset Police (mostly rural North Dorset sites) at the time of 

enrolment (see Table 10).  There was representation from all of the work teams 

across the two forces, including local investigation, local policing/neighbourhood, 

response policing, and administration or other teams (see Table 11).  The 

representativeness of the study sample (number, occupation, gender, age and 

ethnicity) compared to the Plymouth BCU and North Dorset police populations as a 

whole is discussed in Chapter 7. 

Approximately 63% (n = 114) of study participants were police officers, and their rank 

ranged from constable to higher level officers (inspector, chief inspector or 

superintendent).  The majority of participating officers were of lower rank (87/114 or 

76% constable, 23/114 or 20% sergeant), reflecting the higher proportions of lower 

rank officers within this population.  Around 20% (n = 36) of those recruited were 

police staff, and 17% (n = 30) were either employed in a Police Community Support 

Officer (PCSO) role or were in a voluntary special constable role (due to the small 

number of special constables this category was grouped with PCSOs to protect 

individual anonymity). 

On average, participants had served the police force (including the current force and 

any previous forces) for 12.1±8.0 years.  Half (50%, n = 90) of those recruited had an 
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annual salary of less than £30,000.  The vast majority of participants (n = 167, 93%) 

were working for 30 or more hours per week at the time of enrolment.  A high 

proportion of participants (n = 144, 80%) were shift workers.  Of these, 30 (21%) 

worked night shifts and 59 (41%) worked rotating shifts.   
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Table 8 Participant characteristics: socio-demographic and occupational 

Study variables Participated in study 
(n = 180) 

Age in years, mean (SD) 39.3 (9.6) 

Male, n (%) 107 (59 %) 

Ethnicity, n (%) 
White 

 
177 (98 %) 

Marital status, n (%) 
Single (never married or civil partnered) 
Married or civil partnership 
Divorced, separated or widowed 
Prefer not to say  

 
40 (22 %) 

112 (62 %) 
26 (14 %) 

2 (1 %) 

Living circumstances, n (%) 
Alone 
With children under 18 
With other adults 

 
29 (16 %) 
96 (53 %) 

145 (81 %) 

Dog owner, n (%) 68 (38 %) 

Main residence, n (%) 
Urban (city or town) 
Suburban 
Rural (including rural village, hamlet or isolated dwelling) 

 
96 (54 %) 
43 (24 %) 
41 (23 %) 

Highest level of education, n (%) 
Lower secondary school (GCSE, CSE, O-level, Standard Grade, 
Intermediates) 
Upper secondary school (AS or A-level, Scottish Highers) 
Professional or technical qualification (below degree) 
University / college degree 
Postgraduate (masters / PhD) 

 
38 (21 %) 

 
44 (24 %) 
41 (23 %) 
48 (27 %) 

9 (5 %) 

Police force, n (%) 
Devon & Cornwall Police (Plymouth Basic Command Unit) 
Dorset Police (North Dorset) 

 
128 (71 %) 

52 (29 %) 

Occupation, n (%) 
Police officer 
Police community support officer (PCSO) or special constable 
Police staff 

Rank, n (%) (officers only, n = 114) 
Constable 
Sergeant 
Inspector, chief inspector or superintendent 

 
114 (63 %) 

30 (17 %) 
36 (20 %) 

 
87 (76 %) 
23 (20 %) 

4 (4 %) 

Years of police force service, mean (SD) 12.1 (8.0) 

Working 30 or more hours per week, n (%) 167 (93 %) 

Annual salary  
< £30,000 
≥£30,000 
Prefer not to say 

 
90 (50 %) 
86 (48 %) 

4 (2 %) 

Shift work, n (%) 
Type of shifta (shift workers only, n = 144) 

Morning (early) 
Afternoon (late) 
Night 
Rotating 

144 (80 %) 
 

95 (66 %) 
96 (67 %) 
30 (21 %) 
59 (41 %) 

a Note: Some participants worked more than one type of shift.  SD = Standard Deviation 
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Table 9 Work site: Plymouth Basic Command Unit (n = 128) 

Site No. of participants % of participants 

Charles Cross 54 42 
Crownhill 54 42 
Devonport 10 8 

Plympton or Plymstock 5 4 
Other 5 4 

 

Table 10 Work site: North Dorset (n = 52)  

Site No. of participants % of participants 

Blandford 36 69 
Gillingham 3 6 

Shaftesbury 4 8 
Sturminster Newton 3 6 

Other 6 12 
Note: Percentages may not total 100 due to rounding 

 

Table 11 Police force and work team: Number and % of participants (percentages by police 
force) 

 Work team 
 

 

 Local 
investigation 

Local policing/ 
neighbourhood 

Response 
policing 

Administration 
and other 

Total 

Devon & Cornwall 
Police (Plymouth 

BCU) 

23 (18 %) 26 (20 %) 33 (26 %) 46 (36 %) 128 (100 %) 

 
Dorset Police 

(North 
Dorset) 

 

 
0 (0 %) 

 
20 (38 %) 

 
25 (48 %) 

 
7 (13 %) 

 
52 (100 %) 

Total 
 

23 (13 %) 46 (26 %) 58 (32 %) 53 (29 %) 180 (100 %)  
 

 

 

4.4 Characteristics of interview participants 

A sub-sample of participants was selected from the study sample (see Chapter 3 for 

sampling procedure) to participate in interviews at three stages - pre-intervention 

(week 0), post-intervention (week 12) and follow-up (month 8).  In total, 32 interviews 

were conducted with 16 participants.  Only six individuals took part in interviews at all 

three time points, for reasons of participant availability.  The main characteristics of 

the interview participants are presented in Table 12.  As specified in the selection 

criteria, interview participants were diverse in terms of age, gender, occupation and 

site.  The characteristics of interview participants also closely matched the overall 
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sample of study participants.  Approximately 63% (n = 10) of interviewees were male 

and 37% (n = 6) were female.  The age of interviewees ranged from 20 to 58 years, 

with a mean age of 40.8±12.6 years.  The sample comprised nine police officers 

(56%), five members of police staff (31%) and two PCSOs (13%).  One member of 

police staff also had a special constable role.  Of the 16 interviewees, 11 (69%) were 

based at Plymouth BCU and five (31%) were at the North Dorset sites. 

 

Table 12 Characteristics of interview participants 

Interviewee 
ID 

Gender Age 
category 

Occupation (at baseline) Interviews completed 
(1 = pre-intervention (week 0), 

2 = post-intervention (week 12), 
3 = follow-up (month 8)) 

1 M 18-39 Police staff 
 

1 

2 M 18-39 Police officer (constable) 
 

1,2,3 

3 M 18-39 Police officer (sergeant) 
 

1,2,3 

4 M 40+ Police officer (inspector) 
 

1,2,3 

5 M 40+ Police staff 
 

1 

6 M 40+ PCSO 
 

1,2,3 

7 F 18-39 PCSO 
 

1,2 

8 F 18-39 Police officer (constable) 
 

1,2,3 

9 F 40+ Police staff 
 

1,3 

10 F 40+ Police officer (constable) 
 

1,2,3 

11 M 18-39 Police staff and special 
constable 

2 

12 M 40+ Police officer (constable) 
 

2 

13 F 18-39 Police officer (sergeant) 
 

2,3 

14 F 18-39 Police staff 
 

2,3 

15 M 18-39 Police officer (constable) 
 

3 

16 M 40+ Police officer (inspector) 
 

3 

 

Interviewees also varied in their baseline activity levels and experienced varying 

levels of engagement with the intervention and changes in their activity over time.  

For example, baseline activity ranged from around 5,000 steps per day to over 

15,000 steps per day, and from ‘low activity’ to ‘high activity’ level according to the 
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International Physical Activity Questionnaire (IPAQ).  Perceived and actual changes 

in activity levels of interviewees and the overall study sample will be discussed 

further in the chapters that follow. 

 

4.5  Active versus sedentary work roles 

When asked, “How active is your role?” in the baseline questionnaire, 58% of 

participants (n = 105) reported their work role as mainly sedentary.  Only 17% (n = 

30) stated they were mainly active in their role, and 25% (n = 45) reported they spent 

approximately equal amounts of time active and sedentary.  The interview findings 

generally reflected the sedentary nature of the role of many officers and staff, 

although there was considerable variation in levels of PA involved in different 

occupations and work streams.  All of the police staff interviewed were sedentary, 

and mostly office-based.  For example: 

"It is completely office-based.  You sit at a desk with your phone.  You haven’t 
got much movement at all."  

(Police staff, male, age 18-39) 

 

"It’s a sedentary role. I work on the radio dispatching officers, and also take 
and make phone calls. So I'm usually sat down." 

(Police staff, female, age 18-39) 

 

One member of police staff had a role that was mainly vehicle-based and sedentary: 

“It involves a little bit of walking about but it’s not a very active role.” 

(Police staff, male, age 40+) 

 

The active nature of the role of police officers varied according to work stream.  For 

example, interviewees reported that response officers (approximately one third of the 

study sample) tended to be more active than local investigation and local policing 

teams: 

“…maybe I will stay where I am or go off into a different work stream.  That 
will have a bearing to how active I am at work.  So I could be going back to 
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response where, just by nature of the work I will be doing more walking, or I 
could be sat behind a desk here." 

(Police constable, male, age 18-39) 

 

One interviewee worked in the field of cybercrime and reported that most of the work 

was computer-based and sedentary with occasional travelling involved.  Activity 

levels also appeared to vary by rank; higher level officers (such as those with a 

supervisory role and inspectors) were usually more office-based than lower level 

officers: 

"I think in my day-to-day job I am sort of sat behind a desk all day.  I can just 
be sat behind the computer listening and talking on the phone and doing 
emails all day… I have to deal with all the admin.” 

(Police sergeant, male, age 18-39) 

 

“I have to spend a fair bit more time at a computer, managing administrative 
tasks.” 

(Police inspector, male, age 40+) 

 

PCSOs were more active during the working day as they were typically on foot 

patrol: 

“We certainly do more walking than say, a police officer, because we walk 
round to give a visible presence to members of the public.” 

(PCSO, male, age 40+) 

 

Both urban and rural PCSOs were active, although both roles involved travelling by 

car.  One interviewee commented on the changing nature of the role and suggested 

that it was less active than previously: 

“The role has changed over the years… we mainly do walk on our patch but 
recently because of the reduction in numbers we do have vehicles as well.  So 
I now drive to my patch and then do foot patrol around the area."  

(PCSO, male, age 40+) 

 

Interviewees were generally more active outside of working hours, and activity varied 

widely in type and intensity.  For example, activities ranged from dog walking to 
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cycling, running and high-intensity interval training.  A police inspector reported 

‘bursts’ of exercise in between sedentary periods: 

“One of the problems with me is I do tend to have physical bursts like at the 
gym or activity and then a lot of time sat down.” 

(Police inspector, male, age 40+)  

 

One police constable reported ‘overcompensating’ for the sedentary role with higher 

activity outside of work: 

“I am just conscious of like how much, eight hours, I am sat at my desk.  It is 
not good for your posture… I am aware that we are so sedentary that I try and 
overcompensate with so much training.” 

(Police constable, female, age 18-39) 

 

4.6  Physical activity and sedentary time 

Activity levels at baseline varied greatly, with daily step counts ranging from 3,797 to 

20,819.  The distribution of baseline steps was approximately normal, with a slight 

positive skew towards higher step counts.  The overall mean daily step count for 

participants at baseline was 10,555±3,259 (95% confidence interval or CI: 10,057 to 

11,053) and the median was 10,319 (interquartile range: 8,171 to 15,279).  As Table 

13 shows, male officers and staff were significantly more active than females (p = 

0.005).  The mean daily step count for males was 11,132±3,105 (95% CI: 10,516 to 

11,749) compared with 9,692±3,315 for females (95% CI: 8,884 to 10,501). 

 

Table 13 Baseline mean daily step count (overall and by gender) 

Gender Mean (SD) 95% CI Range Median Interquartile 
range 

Male (n = 100) 
 

11,132 (3,105) 
 

10,516 to 11,749 4,873 to 20,110 11,151 9,118 to 12,736 

Female (n = 67) 
 

9,692 (3,315) 
 

8,884 to 10,501 3,797 to 20,819 8,709 7,381 to 11,544 

Overall (n = 167) 10,555 (3,259) 
 

10,057 to 11,053 3,797 to 20,819 10,319 8,171 to 15,279 

Note: Step data were missing for 13 participants.  Mean daily steps were calculated for participants who had 
worn the Fitbit on ≥5 of the previous 7 days including at least one weekend day. 
SD = Standard Deviation; 95% CI = 95% Confidence Interval 
t-test for difference in means male vs. female: t (165) = 2.86, p = 0.005 
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As Figure 9 shows, a lower percentage of females were in the higher step count 

categories (i.e. 10,000 daily steps or greater).  As Table 14 shows, 46% of the 

participants (34% of males and 63% of females) failed to meet the 10,000 average 

daily steps target that is typically used in wearable activity monitors and apps and 

has been recommended by the American Heart Association (Strath et al., 2013). 

 

Figure 9 Baseline mean daily step categories by gender 

 

Note: Step data were missing for 13 participants.  Mean daily steps were calculated for participants who had 

worn the Fitbit on ≥5 of the previous 7 days including at least one weekend day.   

 

Table 14 Participants meeting 10,000 daily step target at baseline 

Baseline mean daily 
step count 

Number and % of participants 

 Male Female All 
Less than 10,000 

 
34 (34 %) 42 (63 %) 76 (46 %) 

10,000 or higher 
 

66 (66 %) 25 (37 %) 91 (54 %) 

Total 
 

100 (100 %) 67 (100 %) 167 (100 %) 

Note: Step data were missing for 13 participants.  Mean daily steps were calculated for participants who had 

worn the Fitbit on ≥5 of the previous 7 days including at least one weekend day. 
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There were some significant differences in mean daily steps at baseline according to 

age category (p = 0.011).  With the exception of the 50+ age group, the older age 

categories recorded more steps per day on average than the younger participants.  

The 40 to 49 year age group had a significantly higher daily step count at baseline 

than those aged 18 to 29 years (11,721±3,419 versus 9,439±;3,126; p = 0.021) (see 

Table 15).  Despite the more active role reported by PCSOs and special constables, 

the baseline step count of this group did not differ significantly from police officers or 

police staff (p = 0.091) (see Table 16).  This suggests that police officers are more 

active outside of working hours, as reported in the interviews.  The higher daily step 

count in the 40 to 49 year age category was apparent across all occupations (see 

Figure 10). 

Table 17 shows mean daily step count according to rank; although sergeants had 

higher mean daily steps than constables (11,924±3,507 versus 10,702±2,998), there 

were no statistically significant differences between the groups (p = 0.241). 

Table 15 Baseline mean daily steps by age category (n = 167) 

Age (years) Mean (SD) 95% CI Range 

18 - 29 (n = 25) 
 

9,439 (3,126) 
 

8,149 to 10,729 5,087 to 18,323 

30 - 39 (n = 67) 
 

10,474 (3,081) 
 

9,722 to 11,225 3,797 to 19,626 

40 - 49 (n = 48) 
 

11,721 (3,419) 
 

10,728 to 12,714 6,563 to 20,819 

50 + (n = 27) 
 

9,715 (3,016) 
 

8,522 to 10,908 5,279 to 15,729 

Note: Step data were missing for 13 participants.  Mean daily steps were calculated for participants who had 
worn the Fitbit on ≥5 of the previous 7 days including at least one weekend day.   
SD = Standard Deviation; 95% CI = 95% Confidence Interval 
One-way ANOVA: F (3, 163) = 3.82, p = 0.011 

Tukey post-hoc tests: difference between 18-29 and 40-49 age groups: p = 0.021, difference between 40-49 and 
50+ age groups: p = 0.047 

 

Table 16 Baseline mean daily steps by occupation (n = 167) 

Note: Step data were missing for 13 participants.  Mean daily steps were calculated for participants who had 
worn the Fitbit on ≥5 of the previous 7 days including at least one weekend day. 
SD = Standard Deviation; 95% CI = 95% Confidence Interval 
One-way ANOVA: F (2, 164) = 2.44, p = 0.091 

Occupation Mean (SD) 95% CI Range 

Police Community Support 
Officers (PCSOs) and 

special constables (n = 27) 
 

9,583 (2,763) 
 

8,490 to 10,676 5,087 to 15,815 

Police officers 
(n = 107) 

 

10,955 (3,117) 
 

10,357 to 11,552 4,873 to 20,819 

Police staff (n = 33) 
 

10,054 (3,888) 
 

8,675 to 11,432 3,797 to 18,323 
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Figure 10 Baseline mean daily steps by occupation and age (n = 167) 

 

 

Table 17 Baseline mean daily steps by rank (officers only) 

Rank Mean (SD) 95% CI Range 

Constable (n = 80) 
 
 

10,702 (2,998) 
 

10,035 to 11,369 4,873 to 20,819 

Sergeant (n = 23) 
 
 

11,924 (3,507) 
 

10,407 to 13,440 6,234 to 20,110 

Inspector and higher (n = 4) 10,436 (2,661) 
 

6,202 to 14,669 6,563 to 12,599 

Note: Mean daily steps were calculated for participants who had worn the Fitbit on ≥5 of the previous 7 days 
including at least one weekend day. 
SD = Standard Deviation; 95% CI = 95% Confidence Interval 
One-way ANOVA: F (2, 104) = 1.44, p = 0.241 

 

Participants with 10 or more years of police service (including the current force and 

any previous forces) had a significantly higher daily step count at baseline than those 

with less than 10 years’ service (10,953±2,979 versus 9,805±3,638; t (165) = -2.19, p 

= 0.030).  There were also differences in baseline step count according to marital 

status; participants who were married or in a civil partnership had a significantly 

higher daily step count than those who were single, divorced, separated or widowed 

(11,140±3,149 versus 9,470±3,253; t (163) = -3.23, p = 0.002).  There were no 

significant differences in mean daily step count at baseline according to police force 
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(p = 0.426), presence of a health condition (p = 0.193), smoking status (p = 0.197) or 

dog ownership (p = 0.810). 

Tables 18 to 21 summarise the self-reported PA and sedentary time of participants 

at baseline, overall and by gender (according to the IPAQ).  The mean overall level 

of PA was 170.4 total minutes/week (95% CI: 154.8 to 186.0) or 3,182.1 MET-

minutes/week (95% CI: 2,810.3 to 3,553.9).  The mean level of moderate-to-vigorous 

physical activity (MVPA) was 1,718.6 MET-minutes/week (95% CI: 1,449.5 to 

1,987.6).  Activity levels varied greatly, with some participants doing as little as 10 

minutes of total PA per week, and no MVPA.  The mean self-reported sedentary time 

on a typical weekday was 6.41 hours (95% CI: 5.98 to 6.85). 

As shown in Tables 18 to 21, male participants had a significantly higher level of 

total activity than females at baseline, including weekly minutes (p = 0.009) and 

weekly MET-minutes (p = 0.022).  Male participants also had a significantly higher 

level of MVPA than females at baseline (p = 0.003).  There were no gender 

differences in weekday sedentary time (p = 0.493). 

 

Table 18 Baseline total physical activity (weekly minutes) 

Gender Mean (SD) 95% CI Range 

Male (n = 107) 
 

187.5 (116.4) 165.2 to 209.8 10.0 to 540.0 

Female (n = 73) 
 

145.4 (83.8) 
 

125.8 to 164.9 10.0 to 410.0 

Overall (n = 180) 170.4 (106.2) 
 

154.8 to 186.0 10.0 to 540.0 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval 
t-test for difference male vs. female: t (178) = 2.66, p = 0.009 

 

Table 19 Baseline total physical activity (weekly MET-minutes) 

Gender Mean (SD) 95% CI Range 

Male (n = 107) 
 

3,537.5 (2,857.5) 
 

2,989.9 to 4,085.2 148.5 to 16,398.0 

Female (n = 73) 
 

2,661.1 (1,844.4) 
 

2,230.8 to 3,091.5 66.0 to 8,253.0 

Overall (n = 180) 3,182.1 (2,527.8) 
 

2,810.3 to 3,553.9 66.0 to 16,398.0 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval 
t-test for difference male vs. female: t (178) = 2.31, p = 0.022 
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Table 20 Baseline moderate-to-vigorous physical activity (weekly MET-minutes) 

Gender Mean (SD) 95% CI Range 

Male (n = 107) 
 

2,056.1 (2,032.7) 
 

1,666.5 to 2,445.7 0.0 to 12,240.0 

Female (n = 73) 
 

1,223.8 (1,349.4) 
 

909.0 to 1,538.7 0.0 to 7,560.0 

Overall  (n = 180) 1,718.6 (1,829.5) 
 

1,449.5 to 1,987.6 0.0 to 12,240.0 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval 
t-test for difference male vs. female: t (178) = 3.07, p = 0.003 

 

Table 21 Baseline self-reported weekday sedentary time (hours per day) 

Gender Mean (SD) 95% CI Range 

Male (n = 107) 
 
 

6.29 (3.07) 
 

5.70 to 6.88 1.00 to 15.00 

Female (n = 73) 
 
 

6.60 (2.76) 
 

5.95 to 7.24 1.50 to 13.00 

Overall (n = 180) 6.41 (2.94) 
 

5.98 to 6.85 1.00 to 15.00 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval 
t-test for difference male vs. female: t (178) = -0.69, p = 0.493 

 

According to the IPAQ classification, although the majority of participants were 

moderately or highly active at baseline, a small proportion (24/180, 13%) were 

classed as ‘low activity level’ (see Table 22).  This meant that they were failing to 

meet public health recommendations of approximately 150 minutes (or 

approximately 600 MET-minutes) of moderate intensity activity per week (World 

Health Organisation, 2019). 

 

Table 22 Baseline activity category (according to IPAQ classification) (n = 180) 

Category Number and % of participants 

Low 
 

 24 (13 %) 

Moderate 
 

 62 (34 %) 

High 
 

 94 (52 %) 

Note: 

High = Vigorous-intensity activity on at least 3 days achieving a minimum total physical activity of at least 1500 

MET-minutes/week, or 5 or more days of any combination of walking, moderate-intensity or vigorous-intensity 

activities achieving at least 3000 MET-minutes/week in total 

Moderate = At least 20 minutes vigorous-intensity activity per day for 3 or more days/week, or at least 30 

minutes moderate-intensity activity per day for 5 or more days/week, or 5 or more days of any combination of 

walking, moderate-intensity or vigorous-intensity activities achieving at least 600 MET-minutes/week in total 

Low = Failing to meet criteria for ‘high’ or ‘moderate’ categories 
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As Table 23 shows, mean daily steps at baseline had a moderately strong (Cohen, 

1988) and highly significant association with the self-reported measures of PA, 

including total weekly PA in both minutes (r = 0.31; p<0.001) and MET-minutes (r = 

0.41; p<0.001) and weekly MET-minutes of MVPA (r = 0.41; p<0.001).  There were 

no statistically significant associations between self-reported weekday sedentary 

time and any of the measures of PA (objective or self-reported) (all p-values >0.05). 

 

Table 23 Correlations between baseline mean daily steps, self-reported physical activity 
outcomes and sedentary time 

 Mean 
daily 
steps 

Total 
physical 
activity 
(weekly 

minutes) 

Total 
physical 
activity 
(weekly 

MET-
minutes) 

Moderate-to-
vigorous 
physical 
activity 

(weekly MET-
minutes) 

Weekday 
sedentary 

time (hours 
per day) 

Mean daily steps 1.00 
n = 167 

    

Total physical activity 
(weekly minutes) 

0.31*** 
n = 167 

1.00 
n = 180 

   

Total physical activity 
(weekly MET-minutes) 

0.41*** 
n = 167 

0.82*** 
n = 180 

1.00 
n = 180 

  

Moderate-to-vigorous 
physical activity 

(weekly MET-minutes) 

0.41*** 
n = 167 

0.66*** 
n = 180 

0.88*** 
n = 180 

1.00 
n = 180 

 

Weekday sedentary 
time (hours per day) 

-0.10 
n = 167 

-0.09 
n = 180 

-0.13 
n = 180 

-0.04 
n = 180 

1.00 
n = 180 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 

 

 

4.7  Health, wellbeing, stress and productivity (and associations with physical activity) 

Of the 180 participants, 118 (66%) had no self-reported health conditions at 

baseline.  The presence of one or more health conditions was reported by 33% (n = 

60) of participants.  The health conditions reported, with proportions as a percentage 

of the total sample, are shown in Table 24.  The most frequently reported conditions 

were asthma (16/180, 9%), depression or anxiety (15/180, 8%) and type 1 or type 2 

diabetes (7/180, 4%).  Musculoskeletal disorders were reported by several 

participants, including osteoarthritis or rheumatoid arthritis (5/180, 3%), chronic back 

pain (5/180, 3%) and other connective tissue or musculoskeletal disorders (5/180, 

3%).  The ‘other specified’ health conditions reported by 6% (10/180) of participants 

included visual impairment, hypo- and hyper-thyroidism and other psychological 

conditions. 
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Table 24 Health conditions reported at baseline 

Health condition Number and % reporting (n = 180) 

Asthma 16 (9 %) 

Depression or anxiety 15 (8 %) 

Diabetes - type 1 or 2 7 (4 %) 

Arthritis (osteo or rheumatoid) 5 (3 %) 

Chronic back pain 5 (3 %) 

Other connective tissue or musculoskeletal disorder 5 (3 %) 

Neurological disorder 4 (2 %) 

Digestive disorder 4 (2 %) 

Hypertension 4 (2 %) 

Heart disease or circulatory disorder 3 (2 %) 

Other specified health condition 10 (6 %) 

Prefer not to say 2 (1 %) 

Note: Some participants reported more than one health condition 

 

The majority of the 180 participants (n = 123, 68%) had never smoked, while 28% (n 

= 51) were ex-smokers.  Only six participants (3%) were current smokers.  

Frequency of alcohol consumption ranged from ‘never’ to ‘more than once a week’.  

Approximately equal numbers of participants consumed alcohol less than once a 

week (n = 83, 47%) and more than once a week (n = 95, 53%). 

Physical health-related quality of life at baseline, as measured by the SF-12 Physical 

Component Score (PCS), was higher than the norm (average) score of 

approximately 50 (Utah Department of Health, 2001), with participants scoring 

54.25±6.78 overall.  Mental health-related quality of life was slightly lower than the 

norm, with a mean score of 47.56±9.26 (see Table 25).  Quality of life scores were 

wide ranging, particularly for the Mental Component Score (MCS), where the lowest 

score was 17.71 and the highest score was 67.58.  There was some evidence that 

female participants had a significantly lower mental health-related quality of life than 

male participants (mean 45.82±10.58 versus 48.73±8.10; p = 0.043).  There were no 

significant differences by occupation (i.e. police officer vs. police staff vs. 

PCSO/special constable) in either PCS (p = 0.082) or MCS (p = 0.419) scores.  

Participants employed by the Dorset Police force had a near significantly higher 

mean MCS score than those employed by Devon and Cornwall Police (49.64±6.36 

vs. 46.71±10.11; p = 0.059). 
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Table 25 Baseline SF-12 scores (for health-related quality of life) overall and by gender 

  Physical Component 
Score (PCS) 

 Mental Component Score 
(MCS) 

 Mean (SD) 95% CI Range Mean (SD) 95% CI Range 

Male  
(n = 103) 

 
 

54.11 (6.49) 
 

52.84 to 
55.38 

35.58 to 
68.27 

48.73 (8.10) 
 

47.15 to 
50.32 

22.22 to 
62.48 

Female  
(n = 69) 

 
 

54.47 (7.24) 
 

52.73 to 
56.21 

25.36 to 
70.27 

45.82 (10.58) 
 

43.27 to 
48.36 

17.71 to 
67.58 

Overall  
(n = 172) 

 

54.25 (6.78) 
 

53.23 to 
55.27 

25.36 to 
70.27 

47.56 (9.26) 
 

46.17 to 
48.96 

17.71 to 
67.58 

Note: Higher scores indicate higher quality of life; minimum possible score 0 and maximum possible score 100. 
SD = Standard Deviation; 95% CI = 95% Confidence Interval 
t-test for difference, male vs. female, Physical Component Score: t (170) = -0.34, p = 0.736 
t-test for difference, male vs. female, Mental Component Score: t (170) = 2.04, p = 0.043 

 
 

Table 26 summarises perceived stress levels at baseline, as assessed by the PSS-

4.  The mean PSS-4 score was 4.85±3.19, comparable to the norm of 4.8±3.0 

reported in service occupations (Cohen and Williamson, 1988).  There were no 

significant differences in perceived stress levels by gender (p = 0.263), occupation (p 

= 0.746) or police force (p = 0.332).  

 

Table 26 Baseline 4-item Perceived Stress Scale (PSS-4) scores overall and by gender 

 Mean (SD) 95% CI Range 

Male (n = 103) 
 
 

4.63 (2.94) 
 

4.06 to 5.21 0 to 12 

Female (n =69) 
 
 

5.19 (3.52) 4.34 to 6.04 0 - 13 

Overall (n = 172) 4.85 (3.19) 
 

4.37 to 5.33 0 - 13 

Note: Higher scores indicate higher perceived stress; minimum possible score 0 and maximum possible score 
16. 
SD = Standard Deviation; 95% CI = 95% Confidence Interval 
t-test for difference, male vs. female: t (170) = -1.12, p = 0.263 
 

The theme of stress in the workplace arose in the qualitative interviews, with most 

interviewees experiencing moderate levels of stress during their working day.  

Experienced stress was reported to result from acute exposure to stressful situations 

(such as anti-social behaviour, conflict and aggression) and more chronic issues 

including increasing pressure of work and demands on time: 
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“Even as a PCSO we deal with conflict on a regular basis, it might not be so 
high level as with the police but we are the ‘first responder’ if you like.  You do 
get aggression and obviously your levels of adrenaline then increase.  
Normally it can be dealt with without any violence or anything like that and the 
adrenaline is not then used in your body.” 

(PCSO, male, age 40+) 

 

“I do have those kind of adrenaline rush dynamic responses to jobs as well so 
I tend to find my job is a little bit 0 – 60 in zero seconds.” 

(Police inspector, male, age 40+) 

 

“There is so much pressure for us in our department… I think that we do get 
affected by stress levels in here.” 

(Police constable, female, age 18-39) 

 

Interviewees recognised the associations between physical and mental health and 

the importance of PA to counteract the harmful impact of stress.  For example: 

"I suffer a little bit with stress and anxiety and I think I’ve recognised that it is 
primarily linked to diet and fitness." 

(Police inspector, male, age 40+) 

 

“It [physical activity] gets it out of your system, doesn’t it?  It just makes you 
feel better.  I can switch off quite easily when I am running on a treadmill.” 

(Police constable, female, age 40+) 

 

One police officer perceived an association between sedentary time and stress 

levels, and expected the intervention to help to reduce stress: 

“I think that it [the intervention] will go towards reducing some stress levels as 
well, because I can just be sat behind the computer listening and talking on 
the phone and doing e-mails all day.” 

(Police sergeant, male, age 18-39) 

 

Sleep was perceived by interviewees as an important component of health and 

wellbeing.  Several police officers reported problems with quality and quantity of 

sleep, which were recognised as a consequence of stress and shift work: 
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“I used to sleep eight hours straight through and didn’t wake up in the night 
but I can’t remember the last time I did that.” 

(Police sergeant, male, age 18-39) 

 

“I think that we do get affected by stress levels in here.  All of us in here have 
problems sleeping.” 

(Police constable, female, age 18-39) 

 

“I think as you are older you take longer to recover from shifts… I know my 
sleep pattern compared with younger ones on the section is completely 
different.  I average about five and a half hours’ sleep and I am sort of 
fidgeting and fussing and waking up for about two of those, so it is not quality 
sleep, not at all.” 

(Police constable, female, age 40+) 

 

The quantitative findings (shown in Table 27 and Table 28) generally supported the 

perceived associations between PA, health-related quality of life and perceived 

stress.  Mean daily steps at baseline had a weak but significant positive correlation 

with physical health-related quality of life as assessed by the SF-12 (r = 0.16; 

p<0.05), and a weak non-significant positive correlation with mental health-related 

quality of life (r = 0.13; p = 0.108).  There was a weak correlation (nearing 

significance) between mean daily steps and perceived stress (r = -0.15; p = 0.052), 

with higher daily steps associated with a lower PSS-4 score (i.e. lower stress).  The 

Physical and Mental Component scores of the SF-12 were negatively correlated, i.e. 

higher self-reported physical health was associated with lower self-reported mental 

health (r = -0.32; p<0.001). 

For self-reported PA outcomes measured via the IPAQ, there was a weak but 

significant positive correlation between total weekly physical activity (MET-minutes) 

and mental health-related quality of life as assessed by the SF-12 (r = 0.15; p<0.05).  

A similar correlation was found between total weekly physical activity (MET-minutes) 

and perceived stress (r = -0.18; p<0.05), i.e. higher activity levels were associated 

with lower perceived stress.  There was also a significant positive correlation 

between MVPA (weekly MET-minutes) and physical health-related quality of life as 

assessed by the SF-12 (r = 0.25; p<0.01).  Although there were no significant 

associations between weekday sedentary time and PCS or perceived stress, the 
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correlation between sedentary time and MCS neared significance (r = -0.15; p = 

0.055), with greater sedentary time associated with lower mental health-related 

quality of life. 

 

Table 27 Correlations between baseline mean daily steps and measures of wellbeing (physical 
and mental health-related quality of life and perceived stress)  

 Mean daily 
steps 

SF-12 Physical 
Component 

Score (PCS)1 

SF-12 Mental 
Component 

Score (MCS)1 

Perceived 
Stress Scale 

(PSS-4) score2 

Mean daily steps 1.00 
n = 167 

 

   

SF-12 Physical 
Component Score 

(PCS)1 

0.16* 
n = 164 

1.00 
n = 172 

  

SF-12 Mental 
Component Score 

(MCS)1 

0.13 
n = 164 

-0.32*** 
n = 172 

1.00 
n = 172 

 

Perceived Stress 
Scale (PSS-4) 

score2 

-0.15 
n = 164 

0.16* 
n = 171 

-0.73*** 
n = 171 

1.00 
n = 172 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 
1 Higher scores indicate higher quality of life 
2 Higher scores indicate higher perceived stress 
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Table 28 Correlations between baseline self-reported physical activity, sedentary time, and measures of wellbeing (physical and mental health-
related quality of life and perceived stress)  

 Total 
physical 
activity 
(weekly 

minutes) 
 

Total 
physical 
activity 
(weekly 

MET-
minutes) 

Moderate-to-
vigorous 
physical 
activity 

(weekly MET-
minutes) 

Weekday 
sedentary 

time (hours 
per day) 

SF-12 
Physical 

Component 
Score (PCS)1 

SF-12 
Mental 

Component 
Score 
(MCS)1 

Perceived 
Stress Scale 

(PSS-4) 
score2 

Total physical activity  
(weekly minutes) 

1.00 
n = 180 

      

Total physical activity  
(weekly MET-minutes) 

0.82*** 
n = 180 

1.00 
n = 180 

     

Moderate-to-vigorous physical 
activity (weekly MET-minutes) 

0.66*** 
n = 180 

0.88*** 
n = 180 

1.00 
n = 180 

    

Weekday sedentary time  
(hours per day) 

-0.09 
n = 180 

-0.13 
n = 180 

-0.04 
n = 180 

1.00 
n = 180 

   

SF-12 Physical Component 
Score (PCS)1 

0.10 
n = 172 

0.15 
n = 172 

0.25** 
n = 172 

-0.03 
n = 172 

1.00 
n = 172 

  

SF-12 Mental Component Score 
(MCS)1 

0.08 
n = 172 

0.15* 
n = 172 

0.05 
n  = 172 

-0.15 
n = 172 

-0.32*** 
n = 172 

1.00 
n = 172 

 

Perceived Stress Scale (PSS-4) 
score2 

-0.08 
n = 172 

-0.18* 
n = 172 

-0.07 
n = 172 

0.12 
n = 172 

0.16* 
n = 171 

-0.73*** 
n = 171 

1.00 
n = 172 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 

Orange shading is used to show correlations of most relevance. 
1 Higher scores indicate higher quality of life 
2 Higher scores indicate higher perceived stress
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Table 29 shows the mean and range of values for self-reported absenteeism, 

presenteeism and productivity scores, as assessed by the Health and Work 

Performance Questionnaire (HPQ) at baseline.  Males had slightly higher self-

perceived productivity overall than females, but the difference was non-significant 

(mean combined productivity score 1.12±0.36 vs. 1.02±0.36; p = 0.080).  There were 

no significant occupational differences in any of the HPQ outcomes. 

Correlations between mean daily steps at baseline and HPQ scores are shown in 

Table 30.  There was an unexpected weak but significant negative correlation 

between mean daily steps and relative presenteeism (r = -0.20; p<0.01), and also 

between steps and the combined relative absenteeism and relative presenteeism 

score (r = -0.20; p<0.05), i.e. participants with higher daily steps rated their work 

performance as lower relative to colleagues, and had lower productivity.  Subgroup 

analysis showed that this negative correlation was only significant for male 

participants (steps and relative presenteeism r = -0.32, p<0.01; steps and combined 

productivity score r = -0.32, p<0.01) and police officers (steps and relative 

presenteeism r = -0.21, p<0.05).  There were no significant correlations between any 

of the measures of self-reported PA (or sedentary time) and any of the HPQ 

outcomes (all p-values >0.05).   

 

Table 29 Baseline Health and Work Performance Questionnaire (HPQ) scores: self-reported 
absenteeism, presenteeism and productivity (n = 174) 

 Mean (SD) 95% CI Range 

Absolute absenteeism1 
(hours lost per month) 

 

6.56 (39.61) 
 

0.63 to 12.48 -80 to 228 
 

Relative absenteeism2 
 
 

0.03 (0.21) 
 

-0.001 to 0.06 -0.50 to 0.76 

Absolute presenteeism3 
 
 

78.62 (13.18) 
 

76.65 to 80.59 30 to 100 

Relative presenteeism4 

 
 

1.10 (0.26) 
 

1.06 to 1.14 0.38 to 2.00 

Combined productivity score 
(relative absenteeism and 

relative presenteeism)5 

1.08 (0.36) 
 

1.02 to 1.13 0.24 to 2.33 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval 
1 Higher score = higher absenteeism (negative score = worked more than expected) 
2 Higher score = higher absenteeism, relative to expected hours (negative score = worked more than expected) 
3 Higher score = lower lost performance, i.e. higher productivity 
4 Higher score = higher performance or productivity relative to colleagues 
5 Higher score = higher productivity 
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Table 30 Correlations between baseline mean daily steps and HPQ scores (self-reported 
absenteeism, presenteeism and productivity) 

 Mean 
daily 
steps 

Absolute 
absenteeism1 

(hours 
lost/month) 

Relative 
absenteeism2 

 

Absolute 
presenteeism3 

 

Relative 
presenteeism4 

Combined 
productivity 

score (relative 
absenteeism 
and relative 

presenteeism)5 

Mean daily 
steps 

1.00 
n = 167 

     

Absolute 
absenteeism1 

(hours 
lost/month) 

0.08 
n = 166 

1.00 
n = 174 

    

Relative 
absenteeism2 

 

0.10 
n = 166 

0.93*** 
n = 174 

1.00 
n = 174 

   

Absolute 
presenteeism3 

 

-0.08 
n = 166 

-0.12 
n = 174 

-0.13 
n = 174 

1.00 
n = 174 

  

Relative 
presenteeism4 

 

-0.20** 
n = 166 

-0.13 
n = 174 

-0.16* 
n = 174 

0.45*** 
n = 174 

1.00 
n = 174 

 

Combined 
productivity 

score5 (relative 
absenteeism 
and relative 

presenteeism) 

-0.20* 
n = 166 

-0.66*** 
n = 174 

-0.72*** 
n = 174 

0.36*** 
n = 174 

0.79*** 
n = 174 

1.00 
n = 174 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 

Orange shading is used to show correlations of most relevance. 
1 Higher score = higher absenteeism (negative score = worked more than expected) 
2 Higher score = higher absenteeism, relative to expected hours (negative score = worked more than expected) 
3 Higher score = lower lost performance, i.e. higher productivity 
4 Higher score = higher performance or productivity relative to colleagues 
5 Higher score = higher productivity 

 

 

4.8 Opportunities, barriers and facilitators for physical activity in the police force 

Barriers and facilitators to PA in the police force, whether within or outside of the 

workplace, are likely to influence the success of the intervention.  An understanding 

of these is an important component of context and a key element of process 

evaluation (Moore et al., 2014, Moore et al., 2015).  This section focuses on the 

interview findings in relation to existing initiatives and opportunities for PA in the 

police force, and barriers and facilitators to PA. 

Interviewees reported several existing opportunities for being physically active within 

the police force.  These included police force gyms, exercise classes (e.g. a 

lunchtime fitness club), and sports teams such as football, rugby and ‘indoor rowing’.  

The extent of use and uptake of these opportunities varied between individuals.  For 
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example, some interviewees used the police force gyms on a daily basis, while 

others reported all of their activity took place in their own time, outside of working 

hours: 

“I come into work at half past five in the morning, train in the gym until seven, 
get ready for work and come upstairs.” 

(PCSO, male, age 40+) 

 

“I don’t take part in any physical activity programmes at work.  I actually go to 
my local gym which is in a town only a couple of miles down the road.” 

(PCSO, female, age 18-39) 

 

Originating from Bronfenbrenner’s Ecological Theory of Human Development 

(Bronfenbrenner, 1989) the Socio-Ecological Model has since been widely applied to 

public health (Lee et al., 2017).  The model provides a conceptual framework for 

recognising the multi-level influences on a person’s behaviour, including individual, 

interpersonal or social, organisational, community, and policy factors (Lee et al., 

2017).  Figure 11 presents the main barriers and facilitators to PA for the police 

force using a Socio-Ecological framework.  This is based solely on interview findings, 

including pre-intervention, post-intervention and follow-up interviews.  The main 

barriers and facilitators are categorised in four levels – individual, interpersonal, 

organisational and community/environmental.  These will now be discussed in turn, 

beginning with the organisational level barriers, which were most frequently 

mentioned and covered in depth by interviewees. 
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Figure 11 Barriers and facilitators for physical activity in the police force: A Socio-Ecological 
representation 
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"The only way that you could promote exercise and health and wellbeing 
during the working day, is by having more staff to allow people to have a 
break and we don't have that luxury at the moment.” 

(Police sergeant, female, age 18-39) 

 

“Well, I think where we are at [small police site] there would be a good place 
to walk… but it’s the pressure of the job which doesn’t allow you to take 
maybe a proper lunch break.  Quite often, I will literally sit at my desk and eat 
my lunch.” 

(Police constable, female, age 18-39) 

 

Shift work was a key organisational level barrier to PA, and important to consider 

given the high proportion of shift workers (80%) in the study sample.  Night shifts in 

particular were associated with tiredness and lack of energy for PA: 

“I’d probably say the biggest hurdle, I find, is working night shifts.  When 
you’re working nights, it’s so exhausting.  It just absolutely annihilates your 
energy levels – particularly being at the wrong side of 40!  I find I get home, 
go to bed at about eight o’clock in the morning… then by about midday, one 
o’clock, that’s it, I can’t sleep anymore and you’re just exhausted the whole 
time.  I might be able to muster up a dog walk, but in terms of going for a run 
or anything like that, it’d probably be counterproductive.  You give up trying to 
do stuff on your night shift.” 

(Police inspector, male, age 40+) 

 

Most officers and staff mentioned shift work as a barrier to using the police force 

gyms, and reported that when working hours were outside of the typical 9.00am to 

5.00pm pattern it was difficult to fit exercise in to the working day.  Early, late and 

night shifts were all associated with a lack of time for PA, and shift work was the 

main reason stated by some for not using the facilities provided by the police force: 

"It's difficult with timings.  After an early shift I'm so shattered, the last thing I 
want to do is go to the gym.  Then before a late shift I’m walking the dog, so I 
can't come in any earlier to do it.  I'm not going to do it at 10 o'clock at night.  
Then the only other shift I do is night, so... I'm not sure that I would use it."  

(Police staff, female, age 18-39) 
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“A couple of people I work with go to the gym when they finish on a late 
[shift]… but the last thing I want to do at midnight is think about the gym!” 

(Police staff, female, age 40+) 

 

A lack of time for PA when working shifts was a particular problem for those with 

family commitments.  For example: 

“I used to go to the gym three times a week religiously… then moving up to 
different work - shift work - my hours have completely changed and the nature 
of the work is different and I just don’t have chance to go to the gym as I finish 
at six o’clock if we finish on time.  So if I went to the gym after work I could 
easily be getting home at half past seven, eight, and when you have got a 
missus at home who wants to eat, and family life, it is just not conducive.” 

(Police constable, male, age 18-39) 

 

Rotating or changing shifts, experienced by 41% of shift workers in the study 

sample, were perceived as a particular barrier to maintaining a regular exercise 

routine, as they prevented attendance at weekly sports or fitness classes: 

"I used to do martial arts before I started the staff role.  But because of the six 
on, four off shift pattern I couldn’t really justify it.  Everything runs in weekly 
patterns and I wasn’t always working the same days each week."  

(Police staff, male, age 18-39) 

 

“It is just getting involved and finding the time really.  It is difficult on a shift 
pattern to fit it in.  If I had the time I would consider doing something within the 
police, but you go one week and you can’t go for four, and you go again and 
can’t go for six… continuing going, that’s the problem.” 

(Police staff, male, age 18-39) 

 

Although shift work was clearly a key barrier to PA, a minority of those interviewed 

managed to overcome this: 

"Shift work is always a pain, if you do lates, but for me if I'm on late shift I'll 
come in before work and use the gym and go in then.  If I'm on day shift I will 
get up early and go before I start.”  

(PCSO, male, age 40+) 
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Lunchtime fitness clubs were offered by one of the police forces in the study, but 

there were perceived inequalities in access to this facility.  Interviewees reported that 

this opportunity depended greatly on work stream and shift pattern, with some 

participants feeling excluded from this as a result: 

"I have got a feeling there was something being set up at one of the stations 
but it is not something that I would be able to go and do because it was on a 
certain day on certain lunch breaks.  It does exclude quite a lot of people, 
particularly response people because obviously they don't get meal breaks 
very often, and again it is away from the station... so it is not something that I 
could do."  

(Police constable, female, age 40+) 

 

"The one thing that I have found in the workplace is that it is really role 
dependent on the opportunity for physical exercise... when you have officers, 
perhaps in the response function, who are 24/7 shifts, it literally is from the 
word go, it’s absolutely crazy.  They don't have those same opportunities.”  

(Police sergeant, female, age 18-39) 

 

In addition to perceived work pressures and shift work, another major organisational 

barrier to PA was lack of availability of or proximity to exercise facilities.  A lack of 

exercise facilities in the workplace was reported by several interviewees, and was a 

particular issue with small, rural police stations (i.e. the North Dorset sites): 

“We are a bit limited where we work.  There’s not many options to exercise.” 

(Police sergeant, male, age 18-39) 

 

“The nearest force gym is half an hour’s drive away… there are a couple of 
other schemes but it is right the other side of the county so we are a bit limited 
here.  I do it out of my own time really as we just don’t have the facilities up 
this way.” 

(PCSO, female, age 18-39) 

 

This issue was not exclusive to rural police stations, however, and was also reported 

by a police officer working in a more remote urban site: 

“We’re in a remote station so we’ve got literally nothing around us.  We 
haven’t got the privilege of having a Gucci gym like Headquarters.” 

(Police constable, female, age 18-39) 
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Interviewees also perceived some of the existing gym facilities as poor quality.  For 

example, a lack of personal coaching and support and overcrowding were 

mentioned: 

“The police gyms are shocking.  There is no personal coaching… it has just 
not got what I need.” 

(Police constable, female, age 18-39) 

 

“I think the facilities at [large city police station] aren’t brilliant.  I have never 
used the gym there.  There is one in [small city police station] which I have 
used but it’s tiny; you find if there is more than two of you in there it becomes 
very crowded.” 

(Police constable, male, age 40+) 

 

Cost was initially stated as a barrier to use of police force gyms; some sites had a 

supplementary fee in addition to the monthly subscription, but this fee was removed 

by the end of the study: 

"There's a gym at work.  They've just actually got rid of the membership fees 
that people happen to pay additionally, on top of the monthly fee.  For me, 
now, I'm like, brilliant, because you can jump in and out of different gyms as 
you travel around the force for work, whereas before you'd have to pay an 
individual membership for each gym.  So you wouldn't be able to use it but 
they've got rid of it which is amazing, now I can just go and use the gym 
without worrying about that." 

(Police sergeant, female, age 18-39) 

 

Interviewees reported that annual leave influenced their activity levels.  For some, 

PA was lower (e.g. beach holidays), whereas others reported being more active 

when on annual leave (e.g. active holidays): 

"When I was on leave, I tended not to do so much, I was just relaxing. I think 
that's probably a healthy part of-, you can still be active, but you do need to 
relax sometimes." 

(PCSO, male, age 40+) 

 

“I went on a holiday to New York and we were doing about ten miles a day 
walking around.” 

(Police constable, male, age 18-39) 
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Individual level factors influencing PA included motivation, health problems and 

injuries, and lack of awareness of opportunities for PA in the workplace.  Motivation 

appeared to vary greatly between participants.  There was evidence that some 

officers and staff were highly intrinsically motivated at the beginning of the study, 

whilst others felt that lack of motivation was preventing them from being active: 

"There won’t be anything that stops my training. I’ve got to be doing 
something… it is just really important for me.  I love it!” 

(Police constable, female, age 18-39) 

 

"The main problem is myself really, trying to get myself motivated." 

(Police staff, female, age 40+) 

 

“Going down the gym is a major problem for me.  I know I should go and I 
don’t.  I have got a gym membership but it is not used that often.” 

(Police constable, male, age 40+) 

 

One police officer believed the lack of motivation and energy for PA she experienced 

was exacerbated by the sedentary work role: 

“… tonight I will be going to the gym even if it is just for half an hour, but I 
generally find that when I have been sitting round all day I don’t feel like doing 
it.” 

(Police constable, female, age 40+) 

 

The same individual recognised that motivation also varied from month to month: 

“I feel better because I did dry January.  In that particular month, I can 
honestly say I felt much better because I was more health conscious, more 
everything conscious.  February, I slipped off again… but then March, I said, 
‘I’m going to get back into it again’.  I had a down month and then I picked up 
again.  It’s pits and stops with me.” 

(Police constable, female, age 40+) 

 

Health problems and injuries were stated as short- and long-term barriers to PA.  

Musculoskeletal disorders were common, experienced by around 9% of the study 
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sample overall (see section 4.7, Table 24).  These were often experienced by, 

although not limited to, older staff and officers: 

“As you get older, things don’t always work as well as they did.  I have got 
what I’ve got.  My knees are knackered, my back plays up from time to time, 
but that’s been an ongoing thing for the last 15 years.  Fair wear and tear, I 
think my doctor called it.” 

(Police staff, male, age 40+) 

 

One interviewee had had a hip replacement at a young age, which restricted the type 

of activity he could do: 

“… it has been fine since but I have to be a bit careful with it.  They have 
advised me not to run and things like that, so I am a bit more limited.” 

(Police sergeant, male, age 18-39) 

 

In some cases, there seemed to be a lack of awareness of opportunities for PA in 

the police force.   

“If there are any [workplace PA opportunities] I am not aware of them.” 

(Police constable, female, age 40+) 

 

“I’m not aware of any [opportunities] to be fair.  There probably are, it’s just 
me not necessarily looking into it.” 

(Police constable, male, age 18-39) 

 

One interviewee perceived a reduction in opportunities for PA in the police force over 

time: 

"I wouldn’t say there are many opportunities for me to keep fit at work… all the 
days of sport within the police are few and far between now really - we don’t 
get any time off to do that sort of stuff.” 

(Police sergeant, male, age 18-39) 

 

It is important to consider individual differences in preferences for PA in the 

workplace.  While some interviewees were keen to use facilities provided by the 

police force, others preferred to keep their work and home lives separate: 
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“I come to a private gym.  I don’t really like to stay at work to use the gyms at 
work.  I like to get away from work when I’m done.” 

(Police inspector, male, age 40+) 

 

“I think because I work with police officers I don’t want to then train with them.” 

(Police constable, female, age 18-39) 

 

“The main reason I don’t [use the force gym]… is because I have a thing 
about keeping work life and home life separate.  When it comes to the end of 
the day or even in the beginning, I don’t want to be spending extra time 
training at work when I can go home and perhaps go to the gym with my other 
half or go horse-riding or do exercise away from the work environment, 
because we’re here for such a long time anyway.  I just find it a bit healthier to 
exercise away from the work environment.” 

(Police sergeant, female, age 18-39) 

 

The main interpersonal level barriers to PA were home and family commitments and 

perceived social pressure.  Lifestyle factors were also influential.  One interviewee 

stated that she had to fit in activity with her partner’s work as well as her own.  

Others reported that they needed to prioritise family life over exercise, whether 

looking after children or caring for an elderly relative: 

“I got married four years ago and then we had a child as well and we 
renovated a house and we had another child recently… so a lot of my 
priorities have changed.  I used to get to the gym about three or four times a 
week and now I am lucky if I go down there once a week.” 

(Police sergeant, male, age 18-39) 

 

“I've got older family to look after, I’ve got Dad to look after, a husband to look 
after and time is sparse, it really is.” 

(Police constable, female, age 40+) 

 

For the less active and older interviewees, perceived social pressure from fitter, 

younger, more active colleagues discouraged use of the facilities provided by the 

police force.  For example: 
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“My colleagues are all very fit, and they’re a lot younger than me.  I’ve tried 
different gyms and it’s the people that are, ‘Well is that all you’ve done?’… 
that puts me off.” 

(Police staff, female, age 40+) 

 

Social support, including encouragement from or exercising with a partner or friend, 

was seen as a facilitator for some interviewees: 

“My partner’s been trying to encourage me [to be more active].” 

(Police staff, female, age 18-39) 

 

"My partner and I, we both think we need to do something to get more active, 
because now he starts an office job... he's saying now that he's getting 
frustrated because while he used to be out and about and a lot of physical 
activity, he's not getting that in work now.  We're trying to think of things that 
we can do together because we're not particularly fit.” 

(Police staff, female, age 40+) 

 

There were also barriers and facilitators at the community and environmental level.  

These included availability of or proximity to exercise facilities outside of the 

workplace, seasonal factors/weather, and dog ownership.  Some interviewees in 

more rural and remote areas found it easier to access their local community gym 

than police force gyms: 

“I’m at a very small station.  I have to go to my own gym near where I live.  
We haven’t got the facilities at the workplace.” 

(PCSO, female, age 18-39) 

 

Seasonal factors and the weather were frequently mentioned through the study as 

having an impact on activity levels.  Participants reported being less active in very 

hot weather or wet weather, and some reported being less active during winter: 

"I think through the winter months, you just don't feel - well, I don't feel like 
going out anyway, but once the sun is shining it's easier." 

 (Police staff, female, age 40+) 

 



174 
 

Of the entire study sample, 38% were dog owners and dog walking was frequently 

reported as a preferred way to be physically active.  One interviewee felt strongly 

that dog ownership was an important facilitator for sustaining her activity level in the 

longer term, and also helped her to overcome barriers to PA such as poor weather: 

“The dog is pretty good motivation.  You can tell everybody to get a dog!  
There’s been a massive increase in my activity since we’ve had him because 
obviously if it’s raining and horrible, the temptation is going to be just to stay 
inside and not be active at all, but when you’ve got a dog looking at you 
wanting to go out you have to, don’t you… I still walk the dog in the snow.  I 
would say that has made a massive difference.” 

(Police staff, female, age 18-39) 

 

Time (or usually lack of time) was perceived as a major influencer of PA in the police 

force.  This was an overarching theme that did not fit into any particular ‘level’ of the 

Socio-Ecological Model.  Lack of time was usually as a result of home and family 

commitments and/or work commitments: 

“I am working and you just try to fit everything in, don’t you… and fail!” 

(Police constable, female, age 40+) 

 

“I need more hours in the day!  That’s the only thing that’s stopping me, just 
not having enough time to let my body recover.” 

(Police constable, female, age 18-39) 

 

4.9  Suggestions for promoting physical activity and reducing sedentary time in the 

workplace 

This section presents the main suggestions for increasing PA and reducing 

sedentary time in the police force.  These are based on the barriers and facilitators 

discussed above, and include interviewees’ own recommendations for a more active 

police force. 

 

1. Designated time for physical activity/fitness/wellness during work hours 

Designated time for PA during the working week was the most common 

suggestion made by those interviewed.  Many felt strongly about this, and 
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believed that dedicated time should be a core element of the role, given the 

requirement and expectation for the fitness of officers.  For example: 

“I think like the services, the Navy, the Army etcetera, there should be 
fitness time built into the routine.  Even if it’s just half an hour… I don’t 
agree with making us do a fitness test and then not giving us any time 
to get fit.” 
 
(Police constable, female, age 40+) 

 
 
"We don't get allocated time at work to go to the gym, to go out for a 
run, which I strongly feel the force should, especially as we have a 
fitness test to pass.  Especially in our line of work with the stress and 
the high intensity situations that we go into, you need to burn that 
excess adrenaline off or else that has adverse effects to your health as 
well.  For those reasons, I think the force should implement dedicated 
time for us to have a period of time where we can go out and do some 
phys, even if it's just a couple of hours, just to go out and do it.  The 
main thing, for me, is for the job to create time for us to actually go out 
and be physically active."  
 
(Police constable, male, age 18-39) 
 

 

The consensus was that workplace PA opportunities (such as the lunchtime 

fitness sessions) should be equally accessible to all work streams.  

Interviewees suggested that this time should be flexible and tailored to 

individual preferences and needs (e.g. according to health and physical 

capabilities), and could include an option for general ‘wellness’ time: 

“What you’ve got to do to improve people’s health is to find an interest, 
a sport, an activity, which will help them* to improve their health.  I think 
that what you’ve got to do is find everybody something to help them 
improve.” 

(PCSO, male, age 40+)  Note: * = emphasised by interviewee 

 

"They [the police force] spoke about bringing in like an hour a week or 
a month that you could just go and do some kind of physical exercise.  
They say these things, but nothing gets put into place.  But wellness is 
a big umbrella, and will mean different things to different people. Some 
people would like meditation time.  I'd probably like training time.” 

(Police constable, female, age 18-39) 
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2. Improved access to (and quality of) police force gyms 

As stated previously, those working in more rural and remote sites desired 

more facilities for PA in the workplace.  It was clear that such facilities would 

be used: 

“If there was literally something in the next office, I’d be on it right 
before work, after work, lunchtime…” 

 
(Police constable, female, age 18-39) 
 
 
“If they ever have activities up further this way, I would be really up for 
it.” 
 
(PCSO, female, age 18-39) 

 
 
One interviewee suggested that if funds did not allow more police force gyms 

to be established, links with local colleges could be used to improve access to 

sports facilities.  Improved gym facilities to include larger gyms, personal 

coaching and support were desired by some officers and staff. 

 

3. Personal feedback and support following the annual fitness test 

Recommendations included further support regarding the annual fitness test, 

including provision of an annual, optional personal fitness record, and greater 

individual feedback and advice: 

“If there was a personal record of your current fitness, and that was 
measured every year, I think that would focus the mind to either remain 
fit or to get fitter… but there’s nothing like that at the moment.  A 
personal fitness record, which would be optional… I think people are 
focused if you know you’re going to be measured on it as well, 
especially if you see that date come up again, you’d potentially try and 
better it.” 

(Police sergeant, male, age 18-39) 

 

"The remedial stuff is very, very non-existent.  It is a case of giving you 
a bit of advice… I would suggest that the help and advice isn’t really 
there at any level.  I am not saying that everybody gets a personal 
fitness instructor but what I am saying is it should be a bit more 
proactive.  Because I think unfortunately that the police don’t like to go 
there too much with that sort of thing.  They don’t like to impinge on - 
they don’t like to say to people - you know what, you are overweight, 
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you need to lose weight, you need to be a bit more active.  If that was 
put in place a lot quicker then people would respond to it I think.  It is a 
very, very sort of controversial and delicate area to go into really."  

(Police constable, male, age 40+) 

 

4. Increase the difficulty of the fitness test 

There was a general perception that the current annual fitness test was too 

basic, and should be increased in difficulty to improve fitness levels: 

“Since they got rid of the old sort of test… there has been a noted drop 
away in, I believe anyway, fitness levels and because the test is now 
very basic… you have to do a 15 metre shuttle run, you are literally 
running, if you can call it that, for three minutes 25 seconds.  I am not 
entirely sure what that represents really.” 

(Police constable, male, age 40+) 

 

5. Focus on the needs of the least active officers and staff 

Regardless of their own activity levels, interviewees believed that future 

wellbeing and PA promotion programmes should focus on those who were 

most in need of intervention, and that a wide range of sports should be 

included to appeal to more officers and staff.  For example: 

“For me who enjoys sport… it’s easy because I like doing it.  For 
somebody that doesn’t, and there are a lot of people in the police force 
I believe who don’t like it, I think the force needs to encourage more 
sport, more activities, not just going to the gym because some people 
hate the gym.  They’ve got to look at finding other interests that’ll make 
people more active.” 

(PCSO, male, age 40+) 
 

One interviewee suggested implementing a ‘closed time’ for police force 

gyms, where the facilities could be used exclusively by the least active staff.  

This might help to overcome the perceived social barriers: 

 

"The gyms I've been to, I don't like because it's too posy.  It'd be nice 
having something that caters for people of all ages and all abilities… In 
some places you’ve got to be a health freak or a fitness freak to even 
start and that puts me off.  I'd like to go somewhere that I know 
somebody else is going to be huffing and puffing and not be able to 
hold a conversation because they can't breathe when they're walking.  I 
know we've got a gym at work but the ones I've seen that go in there 
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are the ones that do half marathons, they do triathlons and they do this 
and they do that.  If they had say, a closed time at the gym where the 
ones that are not in the peak of fitness… because everybody works 
shift work… everybody just goes in as and when, but if there was like a 
designated time, say on Wednesday afternoon or something like that, 
for the ones that need motivation and support from others without 
feeling patronised..." 
 
(Police staff, female, age 40+) 

 

6. More health and wellbeing champions to organise group activities and 

workplace competitions 

Several interviewees suggested there was a need for more health and 

wellbeing champions and organised activities in the workplace, as currently 

this role was performed by only a small number of officers: 

"I know that there is something in place but there just isn’t the staff to 
do it.  I have mentioned [wellness team sergeant] because he has got a 
very small team around him and he is trying to encourage people to be 
more well, which is great, but he just doesn’t have the capability to get 
round to everybody."  

(Police constable, male, age 40+) 

 
Interviewees recommended workplace PA competitions and challenges with 

real incentives and rewards (the use of virtual rewards is discussed later in 

Chapter 6).  Another suggestion was to continue to promote awareness and 

participation in any national police-led initiatives for PA, such as the annual 

‘Snowdonia Seven’ challenge. 

 

7. Improved awareness of existing opportunities for PA 

It was clear from the interviews that many officers and staff were unaware of 

all the existing PA opportunities available to them, such as exercise classes, 

force sports teams and national initiatives such as the ‘Love2Ride’ cycling to 

work scheme.  Involvement of the communications teams within the 

respective forces could be used to facilitate this. 
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8. Greater support from managers and supervisors to increase PA and 

encourage breaks in sedentary time 

Officers and staff wished for greater support from higher level staff to 

encourage PA, breaks in sedentary time, and health and wellbeing in general.  

For example: 

"I think supervisors could make a difference in ensuring that their staff 
get regular meal breaks and for those that are at a desk, reminding 
them to get up and walk around a little bit.  I know it's people's 
responsibility but it's too easy once you get ensconced in a job to not 
do it."  

(Police constable, female, age 40+) 

 
Interviewees with supervisory responsibilities were supportive of this: 

"If you were… in a role where you're primarily in the office, your line 
manager, or I certainly would for my team, give them the time to say, 
look, if you want to use your lunch break to go to the gym, or you want 
an extra half an hour, because you want to use a gym, then I'd look at 
that and make sure it's suitable.” 

(Police sergeant, female, age 18-39) 

 

Officers and staff desired more input from management than just written 

information: 

"My issue with management is they’re very good at providing advice in 
writing… how to eat well and all the rest of it.  When you're in a front 
line role, it's very difficult to eat properly.  When you're backing 
colleagues it's very difficult to find the time and because I'm a bit older, 
your body takes longer to recover as well from everything." 

(Police constable, female, age 40+) 

 

9. (Optional) use of mHealth / wearable fitness technology 

Many interviewees believed mHealth technology may be an effective 

intervention to promote PA in the police force, but that its use should be 

optional.  Views on acceptability of the intervention are discussed in detail in 

Chapter 6. 
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4.10 Summary / Discussion 

In summary, the study sample (n = 180) was diverse in terms of both socio-

demographic and occupational characteristics.  The  participants comprised a large 

proportion of shift workers (80% of the total sample).  Interview participants were 

also diverse and representative of the overall study sample; this is a strength of the 

research. 

Overall, both the quantitative and qualitative findings demonstrated the need for an 

intervention to promote PA and reduce sedentary time in the police force.  The 

majority of study participants (58%) reported their role as mainly sedentary and 

mean self-reported sedentary time on a typical weekday was 6.41 hours.  This 

compares with approximately five hours per day for the average European employee 

(Nuffield Health, 2018).  Spending longer than six hours a day sedentary is of 

concern as this level has been associated with a significantly higher risk of mortality 

in adults (Patel et al., 2010).  The officers and staff interviewed were generally more 

active outside of work hours.  This confirms the findings of existing international 

studies, such as a study in the USA that used objective PA data to show that policing 

was primarily a sedentary occupation, with police officers more active on off-duty 

days (Ramey et al., 2014).  While participants in the present study were moderately 

active overall, almost half were doing less than 10,000 steps per day at baseline, 

and a small proportion (around 13%) were classed as ‘low activity level’ according to 

the IPAQ (i.e. failing to meet public health recommendations of approximately 150 

minutes or 600 MET-minutes of moderate PA per week – World Health Organisation, 

2019).  This is comparable to a UK survey of over 5,000 police officers and staff 

using the same outcome, with 14% of females and 10% males in this category 

(Gibson et al., 2018).  There may therefore be a need for PA interventions in the 

police force population at a national and international level. 

A novel finding was individual differences in activity level based on factors such as 

occupation, work stream, gender, marital status and age.  In general, PCSOs and 

special constables tended to be more active during the working day, while police 

officers tried to compensate for their sedentary role with more exercise outside of 

work.  Officers working within the response policing function were generally more 

active than those in local investigation and local policing (neighbourhood) teams.  
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This was also reported in a study of Polish police officers (Soroka and Sawicki, 

2014).  Male officers and staff had higher objective and self-reported levels of PA 

than females; this is a typical finding in the general adult population (Althoff et al., 

2017).  Those who were married or in a civil partnership had higher daily steps than 

those who were single, divorced or widowed; this is in concordance with 

epidemiological studies that show higher PA amongst those who are married or 

cohabiting (Koyanagi et al., 2018).  Contrary to the findings of previous studies that 

have shown that police officers become less active as they progress through their 

career (Lagestad and Van Den Tillaar, 2014), the most active age group was 40 to 

49 years, who were significantly more active than those aged 18 to 29.  In addition, 

those with 10 or more years of police service had higher daily steps.  Younger police 

officers and staff, and those earlier in their career, may therefore need to be targeted 

in future PA interventions. 

The significant correlation between the objective outcome of steps from the Fitbit® 

and self-reported measures of PA adds support to the validity of these measures.  

The use of multiple outcomes is a strength of the study, and it is recommended that 

future studies follow this example. 

One third of the study participants reported a health condition at baseline, the most 

prevalent being asthma, depression and anxiety, diabetes and musculoskeletal 

conditions.  There was no evidence that the prevalence of these conditions was 

higher than in the general population (Asthma UK, 2019, Public Health England, 

2018), however it is difficult to draw definitive conclusions based on a small sample.  

It is also possible that some individuals in this sample had undiagnosed physical or 

mental health conditions.  Cardiovascular disease and metabolic syndrome have 

been previously reported as highly prevalent within the police force (Franke et al., 

2002, Hartley et al., 2011, Anderson et al., 2016).  Clinical data on risk factors for 

these conditions, such as cholesterol and body mass index, were not collected in the 

present study due to resource limitations, but could be used as baseline measures 

and outcomes in future trials. 

High levels of depression have previously been associated with the policing 

occupation, with a prevalence almost double that of the general population (Hartley 

et al., 2011).  The SF-12 survey findings in the present study suggested lower than 
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expected mental health-related quality of life, with a mean MCS of 47.56, compared 

with the US norm score of 50 (Utah Department of Health, 2001).  There was some 

evidence that male participants had better mental health than female participants, 

and that participants based at the more rural North Dorset sites had better mental 

health than the urban Plymouth BCU officers and staff; this is worthy of further 

investigation. 

The mean PSS-4 score was almost identical to the previously reported norm for 

service occupations (Cohen and Williamson, 1988).  Some participants reported very 

high levels of stress and it was clear from the interviews that both acute and chronic 

stress were commonly associated with the policing role.  High stress levels are a 

common finding in studies of the police force (Gershon et al., 2002, Ramey et al., 

2016).  As perceived stress has been independently associated with cardiovascular 

disease in the law enforcement occupation (Franke et al., 2002), interventions to 

reduce stress are clearly required. 

The links between PA and health were clear from both the qualitative and 

quantitative findings.  Interviewees perceived that higher levels of PA (and lower 

levels of SB) were linked with better physical and mental health and lower stress.  

Correlations between objective and self-reported measures of PA, physical and 

mental health-related quality of life and stress supported this perception.  The 

correlation between self-reported sedentary time on a typical weekday and SF-12 

MCS score neared significance, with higher sedentary time associated with worse 

mental health.  The positive associations between PA and both physical and mental 

health are well documented (Penedo and Dahn, 2005).  Although these relationships 

are likely complex and bi-directional (Hiles et al., 2017, Liao et al., 2017), the findings 

indicate the potential for interventions to improve PA, reduce sedentary time and 

consequently improve health and wellbeing.  The negative correlation between the 

SF-12 Physical and Mental Component scores at baseline was an anomalous 

finding.  The reasons why lower physical health may be associated with better 

mental health (and vice versa) should be explored in future studies, to find out if this 

is an unexplained characteristic of this sample or more widely apparent in the police 

force. 
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Although not a core component of this research, several interviewees reported sleep 

problems, which were commonly perceived as resulting from high stress and shift 

work.  Sleep is an important aspect of health and wellbeing, and should be 

addressed in future mHealth studies, particularly given the high prevalence of shift 

workers in the police force.  Sleep is discussed later in Chapter 6 in relation to the 

wider impact of the intervention. 

Perceived productivity was not positively correlated with PA at baseline; in fact there 

was an unexpected negative correlation between mean daily step count and relative 

presenteeism for male participants and police officers.  This finding is not in line with 

previous studies reporting higher levels of work performance in those who are more 

active (such as Pronk et al., 2004).  The impact of the intervention on productivity, 

and the usefulness of the HPQ absenteeism and presenteeism questions as an 

assessment tool, are discussed in later chapters. 

The interviews provided a detailed insight into the wider context of the intervention 

including existing opportunities for, and barriers and facilitators to PA in the police 

force.  There were several existing opportunities for PA in the Devon and Cornwall 

and Dorset Police forces, including workplace gyms, exercise classes and sports 

teams.  The extent to which interviewees used these facilities varied greatly.  

Barriers and facilitators to PA in this context were classed into four main categories 

according to the Socio-Ecological Model.  These included individual (e.g. motivation), 

interpersonal (e.g. social support), organisational (e.g. shift work) and 

community/environmental (e.g. season) level factors.  Several of these factors have 

been cited in studies of adults in non-occupational settings, including health 

problems (Kurti et al., 2015), childcare duties (Kurti et al., 2015), lack of time (Kurti et 

al., 2015), the weather (Kurti et al., 2015, Welch et al., 2018), season (O'Connell et 

al., 2014), dog ownership (Peel et al., 2010, Dall et al., 2017) and availability of 

exercise facilities (Cleland et al., 2015).  Some barriers identified in the present study 

may be particularly pertinent to the policing occupation, such as shift work, work 

pressures, lack of availability or access to exercise facilities in the workplace, and 

perceived social pressure from more active colleagues.  While previous survey 

studies have recognised lack of time, work pressures and lack of access to exercise 

facilities as barriers to PA in the police force (Soroka and Sawicki, 2014, Lagestad 

and Van Den Tillaar, 2014), there have been few, if any, in-depth qualitative studies 
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of factors influencing PA levels in this population.  This is therefore an important 

novel contribution to the literature.  Shift work was a major barrier to initiating and 

sustaining PA, and was associated with tiredness, a lack of time, and was a key 

reason given by some for not making use of the exercise facilities provided by the 

police force.  Changing shifts prevented regular participation in sports or exercise 

classes.  The interviews revealed important individual differences (e.g. in 

preferences for PA in or outside of the workplace) and differences by police force 

(e.g. lack of availability of exercise facilities was a larger issue with remote and rural 

police stations).  The Socio-Ecological Model was selected for its recognition of 

multiple levels of influence (including external influences) on behaviour, its 

applicability to PA and SB (Essiet et al., 2017, O'Donoghue et al., 2016), and its 

appropriateness in an occupational setting with the organisational layer component.  

While the Socio-Ecological Model has previously been used to characterise factors 

impacting on PA and SB in an occupational setting (Morris et al., 2018), it has not 

been previously applied to PA in the police force; this is an important methodological 

contribution. 

Recognition of key influences on PA in the police force led to suggestions for 

promoting PA and reducing sedentary time in this context.  The main 

recommendations made by interviewees were designated time for PA (or general 

wellness) during work hours, improved access to (and quality of) police force gyms, 

changes to the annual fitness test (including increased difficulty and provision of 

individual feedback on performance), further support from managers and supervisors 

(including encouraging breaks in sedentary time), and more workplace champions 

and organised activities.  A need to focus on the needs of the least active officers 

and staff was recognised, in addition to a need to improve awareness of existing 

opportunities for PA in the workplace.  Overall, there appeared to be a need for 

multi-level interventions that are suitable for, and accessible by, the diverse 

population of officers and staff. 

In summary, this chapter has provided a comprehensive picture of the context (a key 

component of process evaluation) of PA, sedentary time, and health and wellbeing in 

the police force.  The baseline findings demonstrated the need for the intervention 

and highlighted individual differences to give an indication of who may benefit most.  

The findings surrounding health and wellbeing in the police force add to and extend 
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existing literature, for example emphasising the issues of stress and relatively low 

mental health-related quality of life, which may be more prevalent amongst female 

and urban police officers and staff.  The importance of multiple external influences 

on PA and SB was recognised, and should be a principal consideration in the design 

and evaluation of interventions.   

Using findings from qualitative interviews, and taking a Socio-Ecological approach, 

our understanding of key barriers and facilitators for PA in this context was furthered, 

making a novel contribution to the literature.  Suggestions for the promotion of PA 

and reduction of sedentary time may inform future organisational policies.  Combined 

with mixed methods results in later chapters, these findings will help to explain 

success (or otherwise) of the PAW-Force intervention and may be used to enhance 

the design and targeting of future interventions within the police force. 
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CHAPTER 5 IMPACT OF THE PAW-FORCE INTERVENTION 

 

5.1 Quantitative exploratory analysis of primary outcomes 

5.1.1 Introduction and overview 

In this section, the quantitative outcome data are used to explore the impact of the 

PAW-Force intervention on physical activity (PA, including objectively measured 

daily step count and self-reported activity) and sedentary time.  Assumptions and 

methods used for data analysis are described fully in Chapter 3. 

The section begins with a summary of mean daily steps, self-reported PA and 

sedentary time at the various outcome time points.  Changes in these primary 

outcomes for the various phases of the study are then presented, followed by a 

consideration of the relative impact of the individual and social phases.  Subgroup 

and sensitivity analyses are included throughout this section.  For changes in steps 

only, the results of an exploratory regression analysis on participant characteristics 

are presented.  Correlations between changes in the primary outcome variables are 

then explored.  The section ends with a summary and discussion of the key findings 

in relation to the existing literature. 

 

5.1.2 Summary of primary outcomes (steps, self-reported physical activity and 

sedentary time) 

Table 31 provides an overview of the absolute mean values for steps, self-reported 

PA and sedentary time at each time point – baseline (week 0), mid-intervention 

(week 6), post-intervention (week 12) and follow-up (month 8). 
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Table 31 Physical activity (PA) and sedentary time - absolute values at four time points (all 
participants, all available data) 

 
 

Outcome 

Mean (SD) 
n = number of observations 

Baseline 
(week 0) 

Mid-intervention 
(week 6) 

Post-intervention 
(week 12) 

Follow-up  
(month 8) 

Step count  
(mean steps/day)1 

 

10,555 (3,259) 
n = 167 

 

10,717 (3,260) 
n = 118 

 

10,706 (3,180) 
n = 114 

 

10,191 (2,921) 
n = 87 

 
Total PA 

(minutes/week) 
170.4 (106.2) 

n = 180 
 

191.5 (115.7) 
n = 157 

 

192.3 (116.2) 
n = 151 

 

192.5 (112.4) 
n = 143 

 
Total PA  

(MET-minutes/week) 
3,182.1 (2,527.8) 

n = 180 
 

3,555.3 (2,770.2) 
n = 157 

 

3,648.7 (2,643.3) 
n = 151 

 

3,555.1 (2,710.6) 
n = 143 

 
Moderate-to-vigorous 

PA (MVPA)  
(MET-minutes/week) 

1,718.6 (1,829.5) 
n = 180 

 
 

1,932.4 (2,000.3) 
n = 157 

 

2,097.4 (1,960.3) 
n = 151 

 

2,164.6 (2,291.0) 
n = 143 

 

Sedentary time  
(hours on a typical 

weekday) 

6.41 (2.94) 
n = 180 

 

6.18 (3.26) 
n = 157 

 

6.29 (3.43) 
n = 151 

 

6.03 (3.04) 
n = 143 

 
Note: SD = Standard Deviation 
1 Mean daily steps were calculated for participants who had worn the Fitbit on ≥5 of the previous 7 days including 

at least one weekend day. 
 

 

5.1.3 Step count 

Figure 12 shows the distribution of changes in mean daily steps at each time point 

for participants overall. 
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Figure 12 Box plot of change in mean daily steps from baseline to mid-intervention (week 6, n 
= 118), baseline to post-intervention (week 12, n = 114) and baseline to follow-up (month 8, n = 
87) 

 

 

Overall, as summarised in Table 32 there was no significant change in mean daily 

step count from baseline to mid-intervention (week 6) or post-intervention (week 12).  

However, when split into subgroups, there was a significant increase in steps for 

female participants at week 12 (mean increase of 636 steps/day, 95% confidence 

interval or CI: +66 to +1,205; p = 0.030) compared with a non-significant change in 

males (mean decrease of 327 steps/day, 95% CI: -1,047 to +393; p = 0.368).  There 

was a significant increase for participants with a mean daily step count less than 

10,000 at baseline, at week 6 (mean increase of 1,041 steps/day, 95% CI: +370 to 

+1,712; p = 0.003) and week 12 (mean increase of 1,028 steps/day, 95% CI: +417 to 

+1,639; p = 0.001).  Police community support officers (PCSOs) and special 

constables showed an increase in steps at week 6 (mean increase of 1,294 

steps/day, 95% CI: +123 to +2,464; p = 0.032) and week 12 (mean increase of 1,121 
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steps/day, 95% CI: +124 to +2,118; p = 0.030).  Step changes were non-significant 

for police officers and police staff (p>0.05). 

 

Table 32 Change in mean daily step count baseline to mid-intervention (week 6) and baseline 
to post-intervention (week 12) 

 
 
 
 
 

Group 

Mean change from baseline (week 0) 
 

Mid-intervention 
(end of individual phase, week 6) 

 

Post-intervention 
(end of social phase, week 12) 

Mean change 
(SD)  

n = number of 
observations 

95% CI p-
value 

Mean change 
(SD)  

n = number of 
observations 

95% CI p-
value 

All participants -214 (2,830) 
n = 118 

 

-730 to +302 0.413 +78 (2,599) 
n = 114 

-404 to +561 0.748 

Male -621 (3,128) 
n = 70 

 

-1,367 to +125 0.101 -327 (2,927) 
n = 66 

-1,047 to +393 0.368 

Female +380 (2,228) 
n = 48 

 

-267 to +1,027 0.243 +636 (1,961) 
n = 48 

+66 to +1,205 0.030 

Age       
Under 40 -412 (2,586) 

n = 64 
 

-1,058 to +234 0.207 -209 (2,434) 
n = 63 

-822 to +404 0.498 

40+ years +21 (3,103) 
n = 54 

 

-826 to +868 0.961 +434 (2,773) 
n = 51 

-346 to +1,213 0.270 

Baseline activity 
level 

      

<10000 steps/day  +1,041 (2,286) 
n = 47 

 

+370 to +1,712 0.003 +1,028 (2,128) 
n = 49 

+417 to +1,639 0.001 

≥10000 steps/day  -1,045 (2,863) 
n = 71 

 

-1,723 to -367 0.003 -637 (2,706) 
n = 65 

-1,308 to +33 0.062 

Occupation       
Police officers -603 (2,960) 

n = 78 
 

-1,271 to +64 0.076 -144 (2,750) 
n = 76 

-773 to +484 0.649 

PCSOs and special 
constables 

+1,294 (2571) 
n = 21 

 

+123 to +2,464 0.032 +1,121 (2,130) 
n = 20 

+124 to +2,118 0.030 

Police staff  -282 (1,980) 
n = 19 

 

-1,237 to +672 0.542 -141 (2,217) 
n = 18 

-1,243 to +962 0.791 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold. 

 

As Table 33 shows, there was an overall significant reduction in mean daily step 

count from baseline to 8-month follow-up (mean decrease 888 steps/day, 95% CI:      
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-1,518 to -258; p = 0.006).  However, when split into subgroups, there was no 

significant reduction in steps for female participants (p = 0.803), for those aged 40 

years or older (p = 0.281) or for PCSOs and special constables (p = 0.518) or police 

staff (p = 0.257).  Similar to the mid- and post-intervention findings, participants with 

a mean baseline daily step count of 10,000 or less showed a significant increase in 

steps (mean increase 810 steps/day, 95% CI: +115 to +1,506; p = 0.024) from 

baseline to 8-month follow-up. 

 

 

Table 33 Change in mean daily step count baseline to 8-month follow-up 

Group Number of 
observations 

Change baseline to follow-up (8 months) 
Mean change 

(SD) 
95% CI p-value 

All participants 87 -888 (2,956) -1,518 to -258 0.006 
Male 58 -1,278 (3,174) -2,113 to -444 0.003 

Female 
 

29 -108 (2,319) -990 to +774 0.803 

Age     
Under 40 49 -1,152 (2,851) -1,971 to -333 0.007 

40+ years 
 

38 -548 (3,090) -1,564 to +468 0.281 

Baseline activity level     
<10,000 steps/day 33 +810 (1,961) +115 to +1,506 0.024 
≥10,000 steps/day 

 
54 -1,926 (2,993) -2,743 to -1,109 <0.001 

Occupation     
Police officers 61 -1,125 (3,121) -1,925 to -326 0.007 

PCSOs and special 
constables 

10 +421 (1,977) -994 to +1,835 0.518 

Police staff 16 -801 (2,721) -2,251 to +648 0.257 
Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold 
 
 

Figure 13 shows the differential changes in mean daily step count that were 

apparent for male and female participants, including the significant increase in steps 

for females at week 12 and the significant reduction for males at 8-month follow-up.  

For participants who were less active at baseline (i.e. mean daily steps 

<10,000/day), the gender differences were less pronounced, with both males and 

females showing an increase in steps at all time points (see Figure 14). 
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Figure 13 Changes in mean daily step count by gender (baseline to week 6, baseline to week 
12, and baseline to 8-month follow-up) - all participants  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* = significant change (i.e. p<0.05) 
 
Figure 14 Changes in mean daily step count by gender (baseline to week 6, baseline to week 
12, and baseline to 8-month follow-up) - participants with baseline step count <10,000/day 
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A sensitivity analysis controlling for self-reported events affecting PA level (e.g. 

illness and annual leave) removed the overall significant reduction in mean daily 

steps that was observed between baseline and 8-month follow-up (p = 0.126) (see 

Table 34).  The changes in mean daily steps from baseline to week 6 and baseline 

to week 12 remained non-significant (p = 0.467; p = 0.444 respectively). 

 

Table 34 Sensitivity analysis for change in mean daily steps including participants reporting 
no events affecting physical activity level 

Mean change from baseline (week 0) 
 

Mid-intervention 
(end of individual phase, week 6) 

 

Post-intervention 
(end of social phase, week 12) 

Follow-up 
(8 months) 

Mean change 
(SD) 

n = number of 
observations 

 

95% CI p-
value 

Mean change 
(SD) 

n = number of 
observations 

95% CI p-
value 

Mean change 
(SD) 

n = number of 
observations 

95% CI p-
value 

-272 (2,520) 
n = 46 

-1,021 
to +476 

0.467 +262 (2,561) 
n = 57 

-418 to 
+941 

 

0.444 -765 (3,178) 
n = 42 

-1,755 
to +225 

0.126 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold 
 

 

As described in Chapter 3, exploratory regression analysis was carried out to 

investigate which participant characteristics may be associated with potential 

intervention effectiveness in both the short and longer term, and whether the 

previous subgroup findings remained significant when controlling for various 

predictors.  Both linear and logistic regressions were carried out with change in 

mean daily step count as a continuous and binary (i.e. increase in steps versus 

decrease or no change) dependent variable respectively.  As the results for the two 

methods were similar only the logistic models are presented here for ease of 

interpretation.  A logistic regression model for the change in steps from baseline to 

week 12 was developed using forward selection and is shown in Table 35.  The 

estimated model had a good fit (log likelihood = -69.82; likelihood ratio (LR) Chi-

square = 18.25; p = 0.006).  All possible interactions between predictor variables 

were considered but none were found to be significant. 

When controlling for age, years of service, education, gender and police force, 

participants with a baseline step count of less than 10,000/day had a higher odds of 

an increase in mean daily step count (OR 2.94, 95% CI: 1.24 to 6.95) than those with 
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a baseline step count of 10,000/day or higher, from baseline to week 12.  When 

controlling for baseline steps and the above predictors, participants aged over 40 

years had a higher odds than younger participants of an increase in steps during this 

period (OR 2.83, 95% CI: 1.11 to 7.24).   

 

Table 35 Logistic regression model for increase in mean daily step count from baseline to 
week 12 (post-intervention) (n = 114) 

Variable Odds ratio Standard 
error 

p-value 95% CI 

low baseline steps  
(i.e. <10,000/day) 

 

2.94 1.29 0.014 1.24 to 6.95 

age over 40 years 2.83 
 

1.36 0.030 1.11 to 7.24 

less than 10 years police force 
service 

 

2.48 1.22 0.065 0.94 to 6.49 

professional or higher education 
 

0.48 0.21 0.087 0.21 to 1.11 

male gender 0.81 
 

0.35 0.632 0.35 to 1.91 

employed by Devon & Cornwall 
Police Force 

 

0.77 0.36 0.573 0.31 to 1.91 

constant1 0.65 
 

0.42 0.504 0.19 to 2.28 

Note: 95% CI = 95% Confidence Interval.  p-values where significant (i.e. <0.05) are highlighted in bold.  
Variables are presented in the order they were entered into the regression model (forward selection).   
All predictor variables are binary (variables in the table are coded as 1). 
For overall model: log likelihood = -69.82; likelihood ratio (LR) Chi-square (6 degrees of freedom, d.f.) = 18.25; p 
= 0.006. 
1 expected value when all predictor variables equal zero 

 

A logistic regression model for the change in steps from baseline to 8-month follow-

up was developed in the same way and is presented in Table 36.  The estimated 

model had a good fit (log likelihood = -42.87; likelihood ratio (LR) Chi-square = 

29.74; p<0.001). 
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Table 36 Logistic regression model for increase in mean daily step count from baseline to 8-
month follow-up (n = 87) 

Variable Odds 
ratio 

Standard 
error 

p-value 95% CI 

low baseline steps  
(i.e. <10,000/day) 

 

6.23 3.52 0.001 2.06 to 18.87 

less than 10 years police force 
service 

 

5.59 
 

3.78 0.011 1.49 to 21.04 

no previous activity monitor use 
(prior to study) 

 

2.68 1.63 0.106 0.81 to 8.84 

male gender 
 

0.50 0.31 0.260 0.15 to 1.67 

age over 40 years 2.64 
 

1.71 0.136 0.74 to 9.42 

professional or higher education 
 

0.42 0.24 0.130 0.13 to 1.29 

employed by Devon & Cornwall 
Police Force 

 

0.41 0.26 0.155 0.12 to 1.40 

constant1 0.25 
 

0.24 0.158 0.04 to 1.72 

Note: 95% CI = 95% Confidence Interval.  p-values where significant (i.e. <0.05) are highlighted in bold. 
Variables are presented in the order they were entered into the regression model (forward selection). 
All predictor variables are binary (variables in the table are coded as 1). 
For overall model: log likelihood = -42.87; likelihood ratio (LR) Chi-square (7 degrees of freedom, d.f.) = 29.74; p 
< 0.001. 
1 expected value when all predictor variables equal zero 

 

From baseline to 8-month follow-up, when controlling for age, gender, years of 

service, education, police force and previous activity monitor use, participants with a 

baseline step count of less than 10,000/day had a higher odds of an increase in 

mean daily step count (OR 6.23, 95% CI: 2.06 to 18.87).  When controlling for 

baseline steps and the above predictors, those with less than 10 years of police 

service had a higher odds of an increase in steps compared with those employed for 

10 or more years (OR 5.59, 95% CI: 1.49 to 21.04). 

When baseline steps were controlled for, gender became a non-significant predictor 

of an increase in steps from baseline to week 12, and from baseline to 8-month 

follow-up.  Occupation was also a non-significant predictor of an increase in steps at 

each time point when controlling for baseline steps. 
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5.1.4 Self-reported physical activity and sedentary time (IPAQ outcomes) 

Table 37 shows the mean changes in self-reported PA and sedentary time from 

baseline to mid-intervention (week 6) and baseline to post-intervention (week 12), as 

assessed by the International Physical Activity Questionnaire (IPAQ).  From baseline 

to week 6, there was a significant overall increase in self-reported total PA (mean 

increase of 27.8 minutes/week (95% CI: +10.9 to +44.7; p = 0.001) or 460.3 MET-

minutes/week (95% CI: +71.3 to +849.3; p = 0.021)).  There was also a significant 

increase in moderate-to-vigorous physical activity (MVPA), with a mean increase of 

271.9 MET-minutes/week (95% CI: +6.3 to +537.6; p = 0.045) from baseline to week 

6.  From baseline to week 12, there was a significant overall increase in self-reported 

total PA (mean increase of 22.7 minutes/week (95% CI: +4.8 to +40.6; p = 0.013) or 

465.4 MET-minutes/week (95% CI: +106.7 to +824.1; p = 0.011)) and MVPA (mean 

increase of 402.9 MET-minutes/week (95% CI: +129.9 to +676.0; p = 0.004)).  There 

were no significant overall changes in weekday sedentary time (all p-values >0.05). 

 

Table 37 Change in self-reported physical activity (PA) and sedentary time baseline to mid-
intervention (week 6) and baseline to post-intervention (week 12) - all participants 

 
 
 
 
 

Outcome 

Mean change from baseline (week 0) 
 

Mid-intervention 
(end of individual phase, week 6) 

 

Post-intervention 
(end of social phase, week 12) 

Mean change 
(SD) 

n = number of 
observations 

95% CI p-value Mean change 
(SD) 

n = number of 
observations 

95% CI p-value 

Total PA 
(minutes/week) 

+27.8 (107.1) 
n = 157 

 

+10.9 to 
+44.7 

0.001 +22.7 (111.2) 
n = 151 

+4.8 to 
+40.6 

0.013 

Total PA  
(MET-minutes/week) 

+460.3 (2,467.5) 
n = 157 

 

+71.3 to 
+849.3 

0.021 +465.4 (2,230.9) 
n = 151 

+106.7 to 
+824.1 

0.011 

MVPA  
(MET-minutes/week) 

+271.9 (1,685.1) 
n = 157 

 

+6.3 to 
+537.6 

0.045 +402.9 (1,698.0) 
n = 151 

+129.9 to 
+676.0 

0.004 

Sedentary time 
(hours on a typical 

weekday) 

-0.12 (3.36) 
n = 157 

 

-0.65 to 
+0.41 

0.651 -0.03 (3.45) 
n = 151 

-0.59 to 
+0.52 

0.906 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold 
 
 
 

From baseline to 8-month follow-up, there was a near significant increase in total PA 

(mean increase 18.6 minutes/week, 95% CI: -0.1 to +37.2; p = 0.052) and a 
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significant increase in MVPA (mean increase 420.5 MET-minutes/week, 95% CI: 

+56.4 to +784.6; p = 0.024) (see Table 38).  Weekday sedentary time decreased 

slightly at each time point but the changes were non-significant (all p-values >0.05). 

 

Table 38 Change in self-reported physical activity (PA) and sedentary time baseline to 8-month 
follow-up - all participants 

Outcome Number of 
observations 

Change baseline to follow-up (8 months) 
Mean change (SD) 95% CI p-value 

Total PA 
(minutes/week) 

       143 
 
 

+18.6 (113.0) -0.1 to +37.2 p = 0.052 

Total PA  
(MET-minutes/week) 

 

143 +317.7 (2,522.0) -99.2 to +734.6 p = 0.134 

MVPA  
(MET-minutes/week) 

143 
 
 

+420.5 (2,202.6) +56.4 to +784.6 p = 0.024 

Sedentary time 
(hours on a typical 

weekday) 

143 
 
 

-0.24 (2.99) -0.73 to +0.26 p = 0.344 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold 

 

For the less active participants (defined as those with a mean daily step count of less 

than 10,000 at baseline), there was a significant increase in all of the self-reported 

measures of PA from baseline to week 6, including total PA (mean increase 39.2 

minutes/week (95% CI: +16.0 to +62.3; p = 0.001) or 799.3 MET-minutes/week (95% 

CI: +3,21.1 to +1,277.5; p = 0.001)) and MVPA (mean increase 497.2 MET-

minutes/week (95% CI: +158.8 to +835.7; p = 0.005)).  Larger effects were seen 

from baseline to week 12, with a mean increase in total PA of 49.6 minutes/week 

(95% CI: +24.8 to +74.4; p<0.001) or 1,093.8 MET-minutes/week (95% CI: +598.8 to 

+1,588.8; p<0.001) and a mean increase in MVPA of 795.5 MET-minutes/week (95% 

CI: +393.3 to +1,197.7; p<0.001) (see Table 39). 

The increases in activity remained significant for this group at 8-month follow-up; a 

mean increase from baseline in total PA of 41.6 minutes/week (95% CI: +15.9 to 

67.3; p = 0.002) or 1,067.6 MET-minutes/week (95% CI: +457.7 to 1,677.5; p<0.001) 

was reported, with a mean increase in MVPA of 839.7 MET-minutes/week (95% CI: 

+290.2 to 1,389.1; p = 0.003) (see Table 40). 
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For this group of participants, there were no significant changes in sedentary time 

from baseline to week 6 (p = 0.064), baseline to week 12 (p = 0.961) or baseline to 

8-month follow-up (p = 0.860). 

 

Table 39 Change in self-reported physical activity (PA) and sedentary time baseline to mid-
intervention (week 6) and baseline to post-intervention (week 12) - participants with baseline 
step count <10,000/day 

 
 
 
 
 

Outcome 

Mean change from baseline (week 0) 
 

Mid-intervention 
(end of individual phase, week 6) 

Post-intervention 
(end of social phase, week 12) 

 

Mean change 
(SD) 

n = number of 
observations 

95% CI p-
value 

Mean change (SD) 
n = number of 
observations 

95% CI p-value 

Total PA 
(minutes/week) 

+39.2 (93.5) 
n = 65 

 

+16.0 to 
+62.3 

0.001 +49.6 (97.8) 
n = 62 

+24.8 to 
+74.4 

<0.001 

Total PA  
(MET-

minutes/week) 
 

+799.3 (1,930.0) 
n = 65 

 

+3,21.1 to 
+1,277.5 

0.001 +1,093.8 (1,949.3) 
n = 62 

+598.8 to 
+1,588.8 

<0.001 

MVPA  
(MET-

minutes/week) 
 

+497.2 (1,365.8) 
n = 65 

 

+158.8 to 
+835.7 

0.005 +795.5 (1,583.7) 
n = 62 

+393.3 to 
+1,197.7 

<0.001 

Sedentary time 
(hours on a typical 

weekday) 

+0.90 (3.83) 
n = 65 

-0.05 to 
+1.85 

0.064 -0.02 (3.73) 
n = 62 

-0.97 to 
+0.93 

0.961 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold 

 

Table 40 Change in self-reported physical activity (PA) and sedentary time baseline to 8-month 
follow-up - participants with baseline step count <10,000/day 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold 
 

 

Outcome Number of 
observations 

Change baseline to follow-up (8 months) 
Mean change (SD) 95% CI p-value 

Total PA  
(minutes/week) 

 

60 +41.6 (99.6) +15.9 to 67.3 0.002 

Total PA 
 (MET-minutes/week) 

 

60 +1,067.6 (2361.0) +457.7 to 1,677.5 <0.001 

MVPA  
(MET-minutes/week) 

 

60 +839.7 (2126.8) +290.2 to 1,389.1 0.003 

Sedentary time  
(hours on a typical 

weekday) 

60 -0.07 (3.17) -0.89 to +0.75 0.860 
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5.1.5 Components of the intervention (individual versus social) 

In this section, the ‘individual’ (weeks 1 to 6) and ‘social’ (weeks 7 to 12) phases of 

the study are compared to explore their relative impact on PA and sedentary time.  

The two phases were characterised by the use of different components of the 

intervention, i.e. features of the Fitbit® (and its associated app) and the Bupa Boost 

app.  In brief, the main components of the individual phase were goal-setting, self-

monitoring and feedback within the Fitbit® and Bupa Boost apps, and earning points 

and obtaining virtual rewards within Bupa Boost.  The social phase additionally 

included linking with colleagues for social comparison, individual and team 

competitions, and social support within the Bupa Boost app.  Chapter 3 contains a 

full description of the intervention and its associated behaviour change techniques 

(BCTs). 

As shown in Table 41 and Table 42 there were no significant differences in apparent 

impact of the intervention between the individual and social phases of the study, for 

mean daily step count (p = 0.433), self-reported total weekly minutes (p = 0.786) or 

MET-minutes (p = 0.738) of PA, weekly MET-minutes of MVPA (p = 0.354), or 

weekday sedentary time (p = 0.604).  No significant subgroup differences were 

observed between the two phases of the intervention by gender, age group, baseline 

activity level or occupation.  However, although non-significant, most groups showed 

a higher mean increase (or lower decrease) in steps during the social phase relative 

to the individual phase.  The only exception to this was the police staff group, who 

showed a mean reduction of 554 steps in the social phase relative to the individual 

phase.  It is difficult to draw definitive conclusions regarding occupational subgroup 

differences however, due to the small numbers in the police staff (n = 14) and 

PCSO/special constable (n = 16) groups providing step data in both phases. 
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Table 41 Comparison of individual and social phase: change in mean daily step count 

Group 
 

Number of 
observations1 

Mean change 
individual phase 

(baseline to week 6) 
(SD) 

Mean change social 
phase (baseline to 

week 12) 
(SD) 

Mean difference 
individual vs. 
social phase2 

(SD) 

95% CI for 
difference 

p-value for 
difference 

All participants 
 

95 -284 (2,685) -68 (2,679) 216 (2,666) -328 to +759 0.433 

Male 
 

54 -797 (2,824) -599 (3,042) 198 (3,003) -621 to +1018 
 

0.630 

Female 41 +393 (2,357) +631 (1,929) 238 (2,179) -449 to +926 
 

0.488 

Age 
 

      

Under 40 51 -500 (2,740) -392 (2,506) 107 (2,673) -644 to +859 
 

0.775 

40+ years 44 -33 (2,629) +308 (2,849) 341 (2,683) -475 to +1,156 
 

0.404 

Baseline activity level 
 

      

<10,000 steps/day 38 +1,033 (2,267) +1,072 (368) 39 (2,675) -841 to +918 
 

0.929 

≥10,000 steps/day  57 -1,161 (2,598) -828 (2,679) 333 (2,677) -377 to +1,044 
 

0.351 

Occupation 
 

      

Police officers 65 -580 (2,713) -263 (2,913) 318 (2,779) -371 to +1,006 
 

0.360 

PCSOs and special constables 16 +940 (2,776) +1,414 (1,882) 474 (2,990) -1,120 to +2,067 
 

0.536 

Police staff 14 -305 (2,176) -859 (1,565) -554 (1,512) -1,427 to +319 
 

0.194 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval 
p-values where significant (i.e. <0.05) are highlighted in bold. 
1 Complete case analysis (i.e. only participants with outcome data at baseline, 6 weeks and 12 weeks included) 
2 Positive values indicate higher relative increase (or lower decrease) in steps during social phase  
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Table 42 Comparison of individual and social phase: change in self-reported physical activity 
(PA) and sedentary time (all participants) 

Outcome 
 

Number of 
observations1 

Mean change 
individual 

phase 
(baseline to 

week 6) 
(SD) 

Mean change 
social phase 
(baseline to 

week 12) 
(SD) 

Mean 
difference 

individual vs. 
social phase2 

(SD) 

95% CI for 
difference 

p-
value 

for 
diff. 

Total PA 
(minutes/ 

week) 
 

143 +23.6 (108.6) +20.9 (113.3) -2.7 (118.7) -22.3 to 
+16.9 

0.786 

Total PA 
(MET-

minutes/ 
week) 

 

143 +363.7 (2,493.6) 
 

+434.0 (2,274.3) +70.3 (2,507.7) -344.3 to 
+484.8 

0.738 

MVPA  
(MET-

minutes/ 
week) 

 

143 +231.7 (1,720.8) +371.0 (1,722.3) +139.4 (1,790.8) -156.7 to 
+435.4 

0.354 

Sedentary 
time (hours 
on a typical 
weekday) 

143 -0.06 (3.38) +0.08 (3.47) +0.14 (3.23) -0.39 to 
+0.67 

0.604 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval 
p-values where significant (i.e. <0.05) are highlighted in bold. 
1 Complete case analysis (i.e. only participants with outcome data at baseline, 6 weeks and 12 weeks included) 
2 Positive values indicate higher relative increase (or lower decrease) in outcome during social phase  

 
 
 
 

5.1.6 Correlations between changes in steps, self-reported physical activity and 

sedentary time 

As Table 43 shows, from baseline to week 12 (post-intervention), there was a 

moderate significant positive correlation between change in mean daily step count 

and change in self-reported total PA in weekly minutes (r = 0.30; p<0.01) and weekly 

MET-minutes (r = 0.35; p<0.001).  There was also a moderate significant positive 

correlation between change in mean daily step count and change in MVPA (r = 0.30; 

p<0.01).  There was no significant correlation between change in self-reported 

weekday sedentary time and changes in steps or any of the self-reported PA 

outcomes. 
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Table 43 Correlations between changes in steps, self-reported physical activity (PA) and 
sedentary time baseline to post-intervention (week 12) - all participants 

 Mean 
daily 
steps 

Total PA 
(weekly 

minutes) 
 

Total PA 
(weekly 

MET-
minutes) 

MVPA 
(weekly 

MET-
minutes) 

Weekday 
sedentary 

time (hours 
per day) 

Mean daily steps 
 
 

1.00 
n = 114 

    

Total PA 
(weekly minutes) 

 

0.30** 
n = 114 

1.00 
n = 151 

   

Total PA 
(weekly MET-minutes) 

 

0.35*** 
n = 114 

0.80*** 
n = 151 

1.00 
n = 151 

  

MVPA 
(weekly MET-minutes) 

 

0.30** 
n = 114 

0.67*** 
n = 151 

0.85*** 
n = 151 

1.00 
n = 151 

 

Weekday sedentary 
time  

(hours per day) 

0.005 
n = 114 

-0.11 
n = 151 

-0.04 
n = 151 

0.01 
n = 151 

1.00 
n = 151 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 

 

From baseline to 8-month follow-up (see Table 44), there was a slightly stronger 

positive correlation between change in mean daily step count and changes in self-

reported total PA in weekly minutes (r = 0.41; p<0.001) and weekly MET-minutes (r = 

0.48; p<0.001), and between change in mean daily step count and change in MVPA 

(r = 0.41; p<0.001).  During this period, there was also a significant negative 

correlation between change in self-reported weekday sedentary time and changes in 

total PA in weekly minutes (r = -0.28; p<0.001) and weekly MET-minutes (r = -0.20; 

p<0.05), i.e. as PA increased sedentary time was reduced.  The correlation between 

change in sedentary time and change in MVPA neared significance (r = -0.16, p = 

0.064).  There was no significant correlation between changes in sedentary time and 

steps (r = -0.13; p = 0.241). 
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Table 44 Correlations between changes in steps, self-reported physical activity (PA) and 
sedentary time baseline to 8-month follow-up - all participants 

 Mean daily 
steps 

Total PA 
(weekly 

minutes) 
 

Total PA 
(weekly 

MET-
minutes) 

MVPA 
(weekly 

MET-
minutes) 

Weekday 
sedentary 

time (hours 
per day) 

Mean daily steps 
 

1.00 
n = 87 

 

    

Total PA  
(weekly minutes) 

0.41*** 
n = 87 

1.00 
n = 143 

 

   

Total PA  
(weekly MET-

minutes) 

0.48*** 
n = 87 

0.77*** 
n = 143 

1.00 
 

n = 143 

  

MVPA  
(weekly MET-

minutes) 

0.41*** 
n = 87 

0.66*** 
n = 143 

0.86*** 
n = 143 

1.00 
n = 143 

 

Weekday sedentary 
time  

(hours per day) 

-0.13 
n = 87 

-0.28*** 
n = 143 

-0.20* 
n = 143 

-0.16 
n = 143 

1.00 
n = 143 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 

 
 
 
5.1.7 Summary / Discussion 

Figure 15 and Figure 16 illustrate the statistical significance of changes in the 

primary outcomes at the various time points of the study. 
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Figure 15 Summary of significance of changes in primary outcomes at various time points: all 
participants 

 
 

Mean change from baseline (week 0) 

Outcome 
 

Mid-intervention 
(week 6) 

Post-intervention 
(week 12) 

Follow-up 
(month 8) 

Step count  
(mean steps/day) 

0 0 - 1 

Total PA  
(minutes/week) 

+ + 0 

Total PA 
 (MET-minutes/week) 

+ + 0 

MVPA 
(MET-minutes/week) 

+ + + 

Sedentary time 
(hours on a typical weekday) 

0 0 0 

 

= positive impact 

= negative impact 

= no significant impact 

 
Note: 1 No impact with sensitivity analysis 
 

 

Figure 16 Summary of significance of changes in primary outcomes at various time points: 
less active participants, i.e. baseline step count <10,000/day 

 
 

Mean change from baseline (week 0) 

Outcome 
 

Mid-intervention 
(week 6) 

Post-intervention 
(week 12) 

Follow-up 
(month 8) 

Step count  
(mean steps/day) 

+ + + 

Total PA  
(minutes/week) 

+ + +  

Total PA 
 (MET-minutes/week) 

+ + + 

MVPA 
(MET-minutes/week) 

+ + + 

Sedentary time 
(hours on a typical weekday) 

0 0 0 

 

= positive impact 

= negative impact 

= no significant impact 

 

 

+ 

- 

0  

+ 

-  

0  
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Overall, there was no statistically significant change in mean daily step count from 

baseline to week 6 (mid-intervention) or week 12 (post-intervention).  There was a 

significant reduction in mean daily step count from baseline to 8-month follow-up; 

however, in a sensitivity analysis controlling for self-reported external factors 

affecting participants’ PA levels (such as illness and annual leave), the reduction 

became non-significant.  This shows the influence of factors outside of the 

intervention (such as annual leave, the weather and seasonal factors) causing short- 

and long-term fluctuations in activity; these are discussed in depth in Chapter 4.  It is 

therefore important to capture (and control for where possible) data on such factors 

in future studies.   

A reactivity effect is one potential explanation for the lack of a significant change in 

steps.  Reactivity is defined as a change in behaviour as a result of being monitored 

(Matevey et al., 2006).  It should be considered that participants in the PAW-Force 

study might have consciously or subconsciously increased their PA level at baseline 

in response to wearing the Fitbit®.  However, studies have found little evidence for 

this effect when ‘sealed’ devices with no visual feedback are used (Matevey et al., 

2006, Tudor-Locke et al., 2011a).  Reactivity is therefore unlikely to have had a large 

impact on baseline activity levels.  It appears that overall participants maintained, 

rather than increased, their daily steps through the course of the study, and the 

qualitative findings supported this observation (see Chapter 6). 

In contrast to the findings for step count, self-reported PA showed an overall 

increase throughout the study.  There was a significant mean increase in total 

weekly PA of 22.7 minutes or 465.4 MET-minutes, and a significant mean increase 

in MVPA of 402.9 MET-minutes/week, from baseline to week 12.  These changes 

were largely maintained to 8-month follow-up, with a mean (near significant) increase 

from baseline in total weekly PA of 18.6 minutes or 317.7 MET-minutes, and a 

significant mean increase in MVPA of 420.5 MET-minutes/week.  The findings 

suggest that many participants might have increased their activity in ways that were 

not captured in Fitbit-recorded steps, such as strength training, cycling or swimming.  

This is discussed further in the light of the qualitative findings in Chapter 6.  The 

possibility that these results may in part be a consequence of social desirability bias 

arising from the self-reported nature of the outcome assessment tool should be 

considered.  However, there is little evidence that this constitutes a significant 
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problem with self-reported PA, particularly for surveys completed online.  For 

example, a large longitudinal study (with a representative sample of the Dutch 

population) investigated social desirability with the web-based short-form IPAQ, and 

found no association between self-reported PA or sedentary time and social 

desirability as assessed by the Marlowe-Crowne Scale (Crutzen and Göritz, 2011). 

There was an indication of a small but non-significant reduction in self-reported 

weekday sedentary time from baseline to week 6, week 12 and 8-month follow-up.  

At the 8-month follow-up, the mean reduction in sedentary time from baseline was 

0.24 hours (approximately 15 minutes/day).  Some similar studies that aimed to 

reduce sedentary time in the workplace using mHealth have reported increases in 

sedentary time in intervention participants relative to controls (Brakenridge et al., 

2016b, Jones, 2016).  While it is reassuring that there were no significant increases 

in sedentary time over the course of this study, the intervention appeared to have a 

limited impact on sedentary behaviour (SB).  These findings are discussed with 

reference to the qualitative findings (and the Socio-Ecological Model) in Chapter 6. 

There was evidence of subgroup differences in changes in mean daily step count 

throughout the study, with the strongest predictor being baseline activity level.  

Participants with a baseline step count of less than 10,000/day appeared to benefit 

most, with a significant mean increase from baseline to week 12 of 1,028 steps/day.  

This group also showed the greatest increases in self-reported PA, with a mean 

increase in total weekly PA of 49.6 minutes or 1,093.8 MET-minutes, and a mean 

increase of 795.5 MET-minutes/week of MVPA from baseline to week 12.  On the 

whole, these changes were maintained for this group at the 8-month follow-up, with 

significant mean increases from baseline of 810 steps/day, 41.6 minutes or 1,067.6 

MET-minutes/week of total PA and 839.7 MET-minutes/week of MVPA.  While the 

aim of the study was not to precisely estimate effect sizes, the increases in steps 

were similar in magnitude to those reported by three previous randomised trials of 

workplace mHealth interventions, where the post-intervention between-group 

differences in mean daily steps were around 850 (Brakenridge et al., 2016b), 970 

(Poirier et al., 2016) and 2,000 (Gremaud et al., 2018) respectively.   

It is important to consider the clinical significance of the findings in addition to the 

statistical significance.  Increasing daily steps has been shown to have important 
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clinical benefits, including reduced morbidity and mortality.  Benefits reported by 

longitudinal cohort studies include improved insulin sensitivity and reduced adiposity 

(Dwyer et al., 2011) and a reduced risk of cardiovascular events (Yates et al., 2014).  

A large prospective cohort study of Australian adults by Dwyer and colleagues 

(2015) found a linear relationship between changes in daily steps and all-cause 

mortality.  According to this study, increases of 1,000 steps per day (i.e. similar in 

magnitude to the changes shown by the less active participants in the PAW-Force 

study) are associated with a significantly reduced risk of mortality of approximately 

6% (adjusted hazard ratio 0.94; 95% CI: 0.90 to 0.98) (Dwyer et al., 2015). 

The finding that those who are most in need of the intervention may benefit most is 

promising, particularly given that the greatest health gains from increasing PA are 

realised by the least active section of the population (Blair and Connelly, 1996, Arem 

et al., 2015).  There is strong evidence for a curvilinear relationship between PA and 

health outcomes (Warburton and Bredin, 2017).  Even small increases in MVPA (to 

levels lower than recommended by the public health guidelines) have been shown to 

have clinically relevant health benefits, including reduced morbidity and mortality 

from cardiovascular disease, cancer and other chronic conditions (Arem et al., 2015, 

Warburton and Bredin, 2017).  For example, compared with individuals that report no 

leisure time PA, a 20% lower overall mortality risk has been observed in those 

performing less than the public health recommended minimum, with a 31% lower 

mortality risk at one to two times the recommended minimum (Arem et al., 2015).  

The relatively large increases in PA levels of the less active officers and staff in the 

PAW-Force study that were sustained after 8 months (e.g. mean increase in total 

weekly PA of approximately 42 minutes/week from baseline to month 8) are 

therefore likely to confer significant health benefits.    

Similar to the PAW-Force study, other mHealth studies have found that less active 

subgroups have shown the largest increases in PA.  For example, an activity monitor 

and app intervention was associated with significant improvements in PA levels only 

in those who did not meet the Centers for Disease Control and Prevention 

recommended weekly PA level at baseline (Schrager et al., 2017).  Similarly, a study 

of the ‘Pokemon GO’ app reported that the largest increases in daily steps were 

observed in those with the lowest baseline activity levels (Xian et al., 2017).  
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According to these findings, less active subgroups should be targeted in future 

interventions. 

It appeared that the intervention had a differential impact on activity levels of male 

and female participants in both the short and longer term; for example only females 

showed a significant increase in mean daily steps from baseline to week 12 while 

only males showed a significant reduction from baseline to 8-month follow-up.  

However, these differences seemed to be largely driven by gender differences in 

baseline activity level (see Chapter 4).  Similarly, there initially appeared to be a 

differential impact based on occupation, with only the PCSO and special constable 

group showing significant increases in mean daily steps from baseline to week 12; 

again, this effect became non-significant when controlling for steps at baseline. 

In addition to baseline activity level, age over 40 years was a significant predictor of 

an increase in steps in the short term (baseline to week 12).  This suggests that 

older participants may initially benefit most from the intervention in this context.  

Having less than 10 years of police force service also predicted an increase in steps 

in the longer term (baseline to 8-month follow-up).  There were no significant 

differences in step changes by police force or occupation when controlling for 

baseline activity level and other predictors such as age, gender, education, years of 

police service and previous activity monitor use.  Potential subgroup differences in 

the impact of mHealth interventions for PA are poorly understood, one reason for this 

being insufficient sample sizes (e.g. King et al., 2016).  The findings that less active 

officers and staff, older members of the police force, and those with fewer years of 

policing service may benefit most from this type of intervention are novel and worthy 

of further investigation.  Future effectiveness trials of mHealth interventions should 

explore further the magnitude of impact on PA levels for different subgroups. 

There were no significant differences between the individual and social phases of the 

study in step count, self-reported PA or sedentary time.  The lack of a significant 

difference in activity between the two phases does not provide support for social 

theories of behaviour change and contradicts the findings of some similar studies of 

mHealth interventions.  For example, a randomised controlled trial by King and 

colleagues found a socially framed app (including social support, normative 

feedback, modelling, group-based collaboration and competition) was associated 
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with greater increases in MVPA and greater reductions in sedentary time than an 

analytically framed app and an affectively framed app with no social features (King et 

al., 2016).  In contrast, a trial by Harries and colleagues (Harries et al., 2016) found 

that there was no significant difference in daily steps in an app-based intervention 

between an individual and a social feedback group.  Some evidence suggests that 

social influence may be more important for sustaining longer-term engagement with 

mHealth technology (Hamari and Koivisto, 2015, Du et al., 2016) and subsequent 

behaviour change (Hamari and Koivisto, 2015, Fitzgerald and McClelland, 2017).  

This might explain the lack of a difference in activity between the individual and 

social phases during the initial 12 week intervention period in the present study.  An 

alternative explanation may be low engagement with the Bupa Boost app.  This will 

be discussed further in relation to findings on preferred phase and integrated with 

qualitative data in Chapter 6.  There was no evidence of subgroup differences in the 

relative impact of the individual and social phases, by age, gender, occupation or 

baseline activity level.  

Changes in the PA outcomes (objectively recorded daily step count and self-reported 

total weekly PA and weekly MVPA) were moderately and significantly correlated 

throughout the study.  This suggests that in general, participants increased their daily 

steps and other types of activity concurrently.  This finding also adds support to the 

validity and reliability of self-reported measures of PA, such as the IPAQ, when 

compared with a validated objective measure of activity.  Self-reported measures 

may have higher completeness than objective measures; this is discussed later in 

Chapter 7.  Changes in self-reported weekday sedentary time were not significantly 

correlated with changes in objective step count or self-reported PA from baseline to 

week 12 (post-intervention).  However, there was a significant negative correlation 

between changes in sedentary time and self-reported total PA from baseline to 8-

month follow-up, i.e. as PA increased, sedentary time was reduced, and vice versa.  

This suggests that the two behaviours are related (particularly in the longer term) 

and shows potential to address both PA and SB in a single workplace intervention.  

This has been achieved by a small number of existing mHealth intervention studies 

such as an international, multi-organisational cohort study of the ‘Stepathlon’ app by 

Ganesan and colleagues; the researchers found that after 100 days of use, the app 
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successfully led to increased PA and reductions in sitting duration (Ganesan et al., 

2016). 

These results should be interpreted with caution as the study was an uncontrolled 

pilot, which was not designed to provide definitive effect sizes or to assess efficacy.  

The use of multiple hypothesis testing should also be mentioned as a potential 

limitation; this may be associated with the potential for false positives or type 1 errors 

(Sedgwick, 2014).  Nevertheless, the findings are valuable in that they indicate the 

overall potential beneficial impact of the intervention in both the short and longer 

term, and suggest who may benefit most (i.e. those who are less active, and 

potentially also older officers and staff, and those with fewer years of policing 

service).  While it may be argued that regression to the mean might have contributed 

to the observed increases in daily step count amongst the less active participants, 

this is not believed to be a major issue.  The consistent results found across multiple 

time points, multiple outcomes (i.e. both objective and self-reported PA), and 

agreement with the qualitative findings (discussed in Chapter 6) increase our 

confidence in the validity of the results.  The validity of the findings was further 

improved by capturing data on factors influencing PA levels.  The within-subject 

approach taken to compare the individual and social phases of the study removed 

between-subjects variability; alternatives to traditional randomised controlled trials 

(RCTs) including single case designs (e.g. n-of-1 trials) are increasingly being 

advocated in mHealth research (Dallery et al., 2013, Pham et al., 2016, McCallum et 

al., 2018, Arigo et al., 2019).   
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5.2 Quantitative exploratory analysis of secondary outcomes 

5.2.1 Introduction and overview 

In this section, the impact of the PAW-Force intervention on secondary outcomes is 

examined using quantitative data, including health and wellbeing, perceived stress, 

perceived productivity in the workplace and sickness absence.  Changes in health 

and wellbeing, perceived stress and productivity are first presented, and assessed 

for statistical significance over the various phases of the study.  This is followed by 

an exploration of the associations between changes in steps, self-reported PA and 

sedentary time, and health, wellbeing and productivity.  A pre- and post-intervention 

comparison of objective sickness absence data for the Plymouth Basic Command 

Unit (BCU) site is then presented.  The section concludes with a summary and 

discussion of the key findings with reference to the relevant literature.  Subgroup 

analyses are included throughout this section.  

 

5.2.2 Health and wellbeing, stress and productivity 

The absolute mean values for the self-reported secondary outcomes of physical and 

mental health-related quality of life (as assessed by the SF-12 Health Survey), 

perceived stress (as assessed by the Perceived Stress Scale, PSS-4) and 

productivity (assessed by the absenteeism and presenteeism questions of the Health 

and Work Performance Questionnaire, HPQ) at each time point are shown in Table 

45. 
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Table 45 Self-reported secondary outcomes - absolute values at four time points (all 
participants, all available data) 

 
 
 

Outcome 

Mean (SD) 
n = number of observations 

 
Baseline 
(week 0) 

Mid-
intervention 

(week 6) 

Post-
intervention 

(week 12) 

Follow-up 
(month 8) 

SF-12 Physical Component Score 
(PCS)1 

54.25 (6.78) 
n = 172 

 

53.98 (7.05) 
n = 148 

 

54.26 (6.22) 
n = 146 

 

53.85 (7.07) 
n = 139 

 
SF-12 Mental Component Score 
(MCS)1 

47.56 (9.26) 
n = 172 

 

48.10 (9.23) 
n = 148 

 

48.46 (10.00) 
n = 146 

 

49.72 (7.96) 
n = 139 

 
Perceived Stress Scale (PSS-4) 
score2 

4.85 (3.19) 
n = 172 

 

4.75 (3.07) 
n = 147 

 

4.63 (3.17) 
n = 144 

 

4.24 (3.05) 
n = 139 

 
Health and Work Performance 
Questionnaire (HPQ) scores: 

    

Absolute absenteeism (hours 
lost/month) 

6.56 (39.61) 
n = 174 

 

12.21 (39.19) 
n = 148 

 

16.21 (56.81) 
n = 146 

 

7.89 (36.17) 
n = 139 

 
Relative absenteeism3 0.03 (0.21) 

n = 174 
 

0.07 (0.33) 
n = 148 

 

0.04 (0.78) 
n = 146 

 

-0.003 (0.68) 
n = 139 

 
Absolute presenteeism4 78.62 (13.18) 

n = 174 
 

77.43 (14.34) 
n = 148 

 

78.36 (14.39) 
n = 146 

 

78.49 (13.02) 
n = 139 

 
Relative presenteeism5 1.10 (0.26) 

n = 174 
 

1.08 (0.31) 
n = 148 

 

1.07 (0.28) 
n = 146 

 

1.09 (0.40) 
n = 139 

 
Combined productivity score6 

(relative absenteeism and relative 
presenteeism)  

1.08 (0.36) 
n = 174 

 

1.02 (0.42) 
n = 148 

 

1.06 (0.92) 
n = 146 

 

1.10 (0.76) 
n = 139 

 
Note: SD = Standard Deviation 
1 Higher scores indicate higher quality of life; minimum possible score 0 and maximum possible score 100. 
2 Higher scores indicate higher perceived stress; minimum possible score 0 and maximum possible score 16. 
3 Higher score = higher absenteeism, relative to expected hours (negative score = worked more than expected) 
4 Higher score = lower lost performance, i.e. higher productivity 
5 Higher score = higher performance or productivity relative to colleagues 
6 Higher score = higher productivity 

 

Overall, there were no statistically significant changes in physical or mental health-

related quality of life, perceived stress, or any of the HPQ outcomes (absenteeism, 

presenteeism and combined productivity score) from baseline to week 6 (mid-

intervention) or baseline to week 12 (post-intervention) (see Table 46). 

From baseline to 8-month follow-up, there was a significant improvement in mental 

health-related quality of life (mean increase in SF-12 Mental Component Score or 

MCS 1.75 points, 95% CI: +0.28 to +3.23; p = 0.020) (see Table 47).  Changes in 

physical health-related quality of life, perceived stress and all of the HPQ outcomes 
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(absenteeism, presenteeism and combined productivity score) were non-significant 

(all p-values >0.05). 

 

Table 46 Change in self-reported secondary outcomes baseline to mid-intervention (week 6) 
and baseline to post-intervention (week 12) - all participants 

 
 
 
 
 

Outcome 

Mean change from baseline (week 0) 
 

Mid-intervention 
(end of individual phase, week 6) 

Post-intervention 
(end of social phase, week 12) 

 

Mean change 
(SD) 

n = number of 
observations 

95% CI p-
value 

Mean change 
(SD) 

n = number of 
observations 

95% CI p-
value 

SF-12 Physical 
Component Score 
(PCS)1 

-0.02 (6.75) 
n = 145 

-1.13 to +1.09 0.966 +0.15 (6.76) 
n = 144 

 
 

-0.96 to +1.27 0.786 

SF-12 Mental 
Component Score 
(MCS)1 

+0.08 (7.21) 
n = 145 

-1.11 to +1.26 0.897 +0.26 (8.91) 
n = 144 

 
 

-1.21 to +1.72 0.730 

Perceived Stress 
Scale (PSS-4) 
score2 

 

+0.02 (2.59) 
n = 144 

-0.41 to +0.45 0.923 -0.11 (2.80) 
n = 142 

 

-0.57 to +0.36 0.654 

Health and Work 
Performance 
Questionnaire 
(HPQ) scores: 

      

Absolute 
absenteeism 

(hours lost/month) 
 

+3.72 (54.84) 
n = 147 

-5.21 to +12.66 0.412 +8.51 (67.31) 
n = 146 

-2.50 to +19.52 0.129 

Relative 
absenteeism3 

+0.03 (0.39) 
n = 147 

 

-0.04 to +0.09 0.431 +0.00 (0.79) 
n = 146 

-0.13 to +0.13 0.997 

Absolute 
presenteeism4 

-1.16 (12.36) 
n = 147 

 

-3.17 to +0.86 0.259 -0.48 (15.19) 
n = 146 

-2.96 to +2.01 0.704 

Relative 
presenteeism5 

-0.02 (0.33) 
n = 147 

 

-0.07 to +0.03 0.423 -0.03 (0.31) 
n = 146 

-0.09 to +0.02 0.171 

Combined 
productivity 

score6 (relative 
absenteeism and 

relative 
presenteeism) 

-0.06 (0.52) 
n = 147 

-0.14 to +0.03 0.185 -0.19 (0.96) 
n = 146 

-0.18 to +0.14 0.816 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used. 
p-values where significant (i.e. <0.05) are highlighted in bold 
1 Higher scores indicate higher quality of life 
2 Higher scores indicate higher perceived stress 
3 Higher score = higher absenteeism, relative to expected hours 
4 Higher score = lower lost performance, i.e. higher productivity 
5 Higher score = higher performance or productivity relative to colleagues 
6 Higher score = higher productivity 
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Table 47 Change in self-reported secondary outcomes baseline to 8-month follow-up - all 
participants 

Outcome Number of 
observations 

 

Change baseline to follow-up (8 months) 
Mean change 

(SD) 
95% CI p-value 

SF-12 Physical 
Component Score 
(PCS)1 

         137 -0.23 (7.30) -1.47 to +1.00 0.708 
 
 
 

SF-12 Mental Component 
Score (MCS)1 

137 +1.75 (8.73) +0.28 to +3.23 0.020 
 
 

Perceived Stress Scale 
(PSS-4) score2 

137 -0.41 (3.12) -0.94 to +0.12 0.128 
 
 

Health and Work 
Performance 
Questionnaire (HPQ) 
scores: 

    

Absolute absenteeism 
(hours lost/month) 

 

139 -0.07 (49.38) -8.35 to +8.21 0.987 

Relative absenteeism3 

 

139 -0.04 (0.69) -0.15 to +0.08 0.510 

Absolute presenteeism4 

 

139 -0.43 (14.74) -2.90 to +2.04 0.730 

Relative presenteeism5 

 

139 -0.03 (0.39) -0.09 to +0.04 0.401 

Combined productivity 
score6 (relative 

absenteeism and relative 
presenteeism) 

139 +0.01 (0.77) -0.12 to +0.14 0.896 

Note: SD = Standard Deviation; 95% CI = 95% Confidence Interval.  Pairwise deletion used 
p-values where significant (i.e. <0.05) are highlighted in bold 
1 Higher scores indicate higher quality of life 
2 Higher scores indicate higher perceived stress 
3 Higher score = higher absenteeism, relative to expected hours 
4 Higher score = lower lost performance, i.e. higher productivity 
5 Higher score = higher performance or productivity relative to colleagues 
6 Higher score = higher productivity 

 

 
5.2.3 Associations between changes in physical activity, sedentary time and 

secondary outcomes 

5.2.3.1 Changes in steps and changes in health and wellbeing and perceived stress 

As Table 48 shows, there were no significant associations between change in mean 

daily steps and changes in physical or mental health-related quality of life or changes 

in perceived stress from baseline to week 12 (post-intervention).  The SF-12 

Physical Component Score (PCS) was negatively correlated with the MCS, i.e. 

improvements in physical health-related quality of life were associated with a decline 

in mental health-related quality of life (r = 0.50; p<0.001).  The PCS was also weakly 
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but significantly correlated with perceived stress, i.e. improvements in physical 

health-related quality of life were associated with increasing stress levels (r = 0.19; 

p<0.05).  The MCS was moderately negatively correlated with the perceived stress 

score, i.e. improvements in mental health were associated with reduced stress levels 

(r = -0.46; p<0.001).  

 

Table 48 Correlations between change in mean daily steps and changes in health and 
wellbeing and perceived stress baseline to post-intervention (week 12) - all participants 

 Mean daily steps SF-12 Physical 
Component 

Score (PCS)1 

SF-12 Mental 
Component 

Score (MCS)1 

Perceived 
Stress Scale 

(PSS-4) score2 

Mean daily steps 
 
 

1.00 
n = 114 

   

SF-12 Physical 
Component 

Score (PCS)1 

0.05 
n = 112 

1.00 
n = 144 

  

SF-12 Mental 
Component 

Score (MCS)1 

-0.03 
n = 112 

-0.50*** 
n = 144 

1.00 
 

n = 144 

 

Perceived Stress 
Scale (PSS-4) 

score2 

0.003 
n = 109 

0.19* 
n = 141 

-0.46*** 
n = 141 

1.00 
n = 142 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 
1 Higher scores indicate higher quality of life 
2 Higher scores indicate higher perceived stress 

 
 

From baseline to 8-month follow-up, there was a weak but significant positive 

association between change in mean daily steps and change in physical health-

related quality of life (r = 0.25; p<0.05) (see Table 49 and Figure 17).  The 

scatterplot (Figure 17) shows that participants that reduced their daily steps at 

follow-up tended to experience poorer physical health (and to some extent, 

participants who increased their steps experienced improved physical health). 

Despite the overall improvement in mental health-related quality of life at the 8-

month follow-up, this was not significantly associated with the change in mean daily 

steps (r = -0.06; p = 0.584).  There was no significant association between change in 

mean daily steps and change in perceived stress from baseline to 8-month follow-up 

(r = -0.10; p = 0.351).  As before, the SF-12 PCS was negatively correlated with the 

MCS (i.e. improvements in physical health-related quality of life were associated with 

a decline in mental health-related quality of life) (r = -0.39; p<0.001).  The MCS was 
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again moderately negatively correlated with the PSS-4 score, i.e. improvements in 

mental health were associated with reduced levels of perceived stress (r = -0.49; 

p<0.001). 

 

Table 49 Correlations between change in mean daily steps and changes in health and 
wellbeing baseline to 8-month follow-up - all participants 

 Mean daily steps SF-12 Physical 
Component 

Score (PCS)1 

SF-12 Mental 
Component 

Score (MCS)1 

Perceived 
Stress Scale 

(PSS-4) score2 

Mean daily steps 
 
 

1.00 
n = 87 

   

SF-12 Physical 
Component 

Score (PCS)1 

0.25* 
n = 86 

1.00 
n = 137 

  

SF-12 Mental 
Component 

Score (MCS)1 

-0.06 
n = 86 

-0.39*** 
n = 137 

1.00 
n = 137 

 

Perceived Stress 
Scale (PSS-4) 

score2 

-0.10 
n = 85 

0.17 
n = 136 

-0.49*** 
n = 136 

1.00 
n = 137 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 
1 Higher scores indicate higher quality of life 
2 Higher scores indicate higher perceived stress 

 

Figure 17 Scatterplot of changes in mean daily steps and SF-12 Physical Component Score 
(PCS) baseline to 8-month follow-up 
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A subgroup analysis with the less active participants (i.e. those with a mean daily 

step count of less than 10,000 at baseline) found that there were no significant 

correlations between change in mean daily steps and changes in health and 

wellbeing or perceived stress.  This lack of association was seen from baseline to 

week 12 and baseline to 8 months (all p-values >0.05). 

 

5.2.3.2 Changes in steps and changes in productivity 

There were no significant associations between change in mean daily steps and 

changes in self-reported absenteeism, presenteeism or productivity (as assessed by 

the HPQ) from baseline to week 12, or from baseline to 8-month follow-up (see 

Table 50 and Table 51).  The negative correlation between change in steps and 

change in the combined relative absenteeism and relative presenteeism score from 

baseline to 8 months neared significance (r = -0.20, p = 0.060), i.e. participants with 

the greatest increases in steps appeared to show a greater decline in productivity.  

This association was non-significant for participants with a baseline daily step count 

of less than 10,000 (r = -0.24; p = 0.177; n = 33). 
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Table 50 Correlations between change in steps and changes in self-reported absenteeism, 
presenteeism and productivity baseline to post-intervention (week 12) - all participants 

 Mean 
daily 
steps 

Absolute 
absenteeism 

(hours 
lost/month) 

Relative 
absenteeism1 

 

Absolute 
presenteeism2 

 

Relative 
presenteeism3 

Combined 
productivity 

score4 (relative 
absenteeism and 

relative 
presenteeism) 

Mean daily steps 1.00 
n = 114 

 

     

Absolute 
absenteeism 

(hours 
lost/month) 

0.003 
n = 113 

1.00 
n = 146 

    

Relative 
absenteeism1 

 

0.02 
n = 113 

0.60*** 
n = 146 

1.00 
n = 146 

   

Absolute 
presenteeism2 

 

0.03 
n = 113 

-0.23** 
n = 146 

-0.13 
n = 146 

1.00 
n = 146 

  

Relative 
presenteeism3 

 

-0.01 
n = 113 

-0.23** 
n = 146 

-0.14 
n = 146 

0.54*** 
n = 146 

1.00 
n = 146 

 

Combined 
productivity 

score4 (relative 
absenteeism and 

relative 
presenteeism) 

-0.02 
n = 113 

-0.58*** 
n = 146 

-0.96*** 
n = 146 

0.20* 
n = 146 

0.393*** 
n = 146 

1.00 
n = 146 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 

Orange shading is used to show correlations of most relevance. 
1 Higher score = higher absenteeism, relative to expected hours 
2 Higher score = lower lost performance, i.e. higher productivity 
3 Higher score = higher performance or productivity relative to colleagues 
4 Higher score = higher productivity 
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Table 51 Correlations between change in steps and changes in self-reported absenteeism, 
presenteeism and productivity baseline to 8-month follow-up - all participants 

 Mean 
daily 
steps 

Absolute 
absenteeism 

(hours 
lost/month) 

Relative 
absenteeism1 

 

Absolute 
presenteeism2 

 

Relative 
presenteeism3 

Combined 
productivity 

score4 (relative 
absenteeism 
and relative 

presenteeism) 

Mean daily 
steps 

1.00 
n = 87 

 

     

Absolute 
absenteeism 

(hours 
lost/month) 

0.18 
n = 87 

1.00 
n = 139 

    

Relative 
absenteeism1 

 

0.14 
n = 87 

0.50*** 
n = 139 

1.00 
n = 139 

   

Absolute 
presenteeism2 

 

-0.02 
n = 87 

-0.16 
n = 139 

-0.07 
n = 139 

1.00 
n = 139 

  

Relative 
presenteeism3 

 

-0.18 
n = 87 

-0.13 
n = 139 

-0.08 
n = 139 

0.40*** 
n = 139 

1.00 
n = 139 

 

Combined 
productivity 

score4 (relative 
absenteeism 
and relative 

presenteeism) 

-0.20 
n = 87 

-0.50*** 
n = 139 

-0.81*** 
n = 139 

0.23** 
n = 139 

0.63*** 
n = 139 

1.00 
n = 139 

Note: Pearson correlation coefficient and number of observations.  Pairwise deletion used.   
*p<0.05 **p<0.01 ***p<0.001 

Orange shading is used to show correlations of most relevance. 
1 Higher score = higher absenteeism, relative to expected hours 
2 Higher score = lower lost performance, i.e. higher productivity 
3 Higher score = higher performance or productivity relative to colleagues 
4 Higher score = higher productivity 

 

 

5.2.3.3 Changes in self-reported physical activity, sedentary time, and health, 

wellbeing, perceived stress and productivity 

Similar to the findings with steps, no statistically significant Pearson’s r correlations 

were observed between change in self-reported PA (or sedentary time) and changes 

in health and wellbeing outcomes (physical and mental health-related quality of life) 

or perceived stress from baseline to post-intervention (week 12).  From baseline to 

8-month follow-up, there were no significant associations between changes in self-

reported PA and changes in the health and wellbeing outcomes or perceived stress.  

There was a small significant negative correlation between change in sedentary time 

and change in the SF-12 PCS from baseline to follow-up (r = -0.18; p = 0.039; n = 

137), i.e. reductions in sedentary time were associated with improvements in 

physical health-related quality of life. 
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There were no significant associations between changes in self-reported PA or 

sedentary time and changes in any of the HPQ outcomes (absenteeism, 

presenteeism and combined productivity score) from baseline to week 12.  From 

baseline to 8-month follow-up, there was a significant positive correlation between 

change in total PA (weekly MET-minutes) and change in absolute absenteeism (r = 

0.22; p = 0.010; n = 139), i.e. greater increases in PA were associated with greater 

increases in absenteeism.  A similar positive association was observed between 

change in MVPA (weekly MET-minutes) and change in absolute absenteeism (r = 

0.22, p = 0.010, n = 139).  This association was not observed for relative 

absenteeism or for any of the other HPQ outcomes. 

 

5.2.4 Sickness absence 

Sickness absence data were not available for one of the study sites (North Dorset).  

Data were available for Plymouth BCU and the results of a basic analysis for this site 

only are presented.  However, this site was also affected by data quality issues, so 

the findings must be interpreted with caution. 

Table 52 shows the differences in the number of sickness episodes, duty days lost, 

and total days lost between the one year pre-intervention period (June 2016 to May 

2017) and the one year post-intervention period (June 2017 to May 2018).  There 

was a small increase in the total number of sickness absence episodes (+8%) and a 

larger increase in the number of duty days lost and total days lost from pre- to post-

intervention.  Duty days lost increased by approximately 39% and total days lost 

increased by approximately 29%. 

The numbers of participants with one or more sickness episodes and no sickness 

episodes for each time period are shown in Table 53.  The results of a Chi-squared 

test showed that there were no significant differences in observed and expected 

frequencies, i.e. there was no evidence to suggest that sickness absence had 

increased significantly from pre- to post-intervention (χ2 = 0.32, p = 0.573).  As there 

was no significant change in the number of sickness episodes, no inferential analysis 

was performed on duty days lost and total days lost. 
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Table 52 Changes in number of sickness episodes, duty days lost and total days lost from pre- 
to post-intervention  

 Number of sickness 
episodes 

Duty days lost Total days lost 

June 2017-May 2018  
(post-intervention) 
 

124 714 1019 

June 2016-May 2017  
(pre-intervention) 
 

115 515 793 

Difference (post-pre) 
 
% difference 

+9 
 

+8 

+199 
 

+39 
 

+226 
 

+29 
 

Note: Only study participants employed by Devon & Cornwall Police between June 2016 and May 2018 are 

included (n = 106).  One participant did not give consent for data use and is therefore excluded.   

 

Table 53 Frequencies of participants with one or more vs. no sickness episodes by time period 
(percentages by row) 

 Number (%) of 
participants with one or 
more sickness episodes 

Number (%) of 
participants with 

no sickness 
episodes 

Total 

June 2017-May 2018  
(post-intervention) 
 

63 (59) 43 (41) 106 (100) 

June 2016-May 2017  
(pre-intervention) 
 

67 (63) 39 (37) 106 (100) 

Total 130 (61) 82 (39) 212 (100) 

Note: Only study participants employed by Devon & Cornwall Police between June 2016 and May 2018 are 

included (n = 106).  One participant did not give consent for data use and is therefore excluded.  Percentages 

may not total 100 due to rounding.  Chi-square (1 degree of freedom, d.f.) = 0.32; p = 0.573. 

 

Reasons for sickness absence for the 106 study participants in the pre- and post-

intervention periods are shown in Figure 18.  These did not appear to change 

considerably; the four most common illness categories both pre- and post-

intervention were respiratory conditions, digestive disorders, miscellaneous 

conditions, and musculoskeletal disorders.  Some conditions appeared to decrease 

in frequency as a reported cause of sickness absence (e.g. 

cardiac/circulatory/metabolic), while others increased in frequency (e.g. respiratory). 
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Figure 18 Reasons for sickness absence: comparison of pre- and post-intervention periods (n 
= 106) 

 

 

5.2.3 Summary / Discussion 

Figure 19 summarises the statistical significance of changes in the secondary 

outcomes (physical and mental health-related quality of life, perceived stress and 

perceived productivity) at the different time points. 
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Figure 19 Summary of significance of changes in secondary outcomes at various time points: 
all participants 

 
 

Mean change from baseline (week 0) 

Outcome 
 

Mid-
intervention 

(week 6) 

Post-
intervention 
(week 12) 

Follow-up 
(month 8) 

SF-12 Physical Component Score 
(PCS) 

0 0 0 

SF-12 Mental Component Score 
(MCS) 

0 0 + 

Perceived Stress Scale (PSS-4) 
score 

0 0 0 

Health and Work Performance 
Questionnaire (HPQ) scores: 

 

Absolute absenteeism 
 

0 0 0 

Relative absenteeism 
 

0 0 0 

Absolute presenteeism 
 

0 0 0 

Relative presenteeism 
 

0 0 0 

Combined productivity (relative 
absenteeism and presenteeism) 

0 0 0 

 

= positive impact 

= negative impact 

= no significant impact 

 

Overall, there were no significant changes in physical or mental health-related quality 

of life, perceived stress or productivity from baseline to week 6 (mid-intervention) or 

from baseline to week 12 (post-intervention).  In the longer term, there was a small 

but statistically significant improvement in mental health-related quality of life (as 

measured by the SF-12 Mental Component Score, MCS), with a mean increase of 

1.75 points from baseline to 8-month follow-up.  The mean score at the 8-month 

follow-up was 49.72, which was closer to the US norm of 50 (Utah Department of 

Health, 2001).  It is unclear whether the observed improvement in MCS is a clinically 

important change with health benefits for officers and staff.  Studies aiming to 

estimate the minimum clinically important difference for the SF-12 outcomes have 

mainly involved clinical populations such as Parkinson’s disease (Shulman et al., 

2010) and post-surgery patients (Clement et al., 2014).  A study of individuals with 

low back pain suggested that changes in MCS of 3.77 and in PCS of 3.29 are 

+ 

-  

0  



223 
 

clinically relevant (Diaz-Arribas et al., 2017), but this may be too high for a ‘healthy’ 

population such as the police force. 

The increase in MCS was not correlated with increases in objective or self-reported 

PA.  This contrasts with previous findings where increases in light intensity PA have 

been shown to correlate with improvements in the SF-36 MCS (Takayanagi et al., 

2018).  The results therefore suggest that the improvement in mental health may be 

due to another component of the intervention (such as setting relaxation and 

mindfulness goals in the Bupa Boost app) or possibly external influences, rather than 

as a result of increased activity levels.  Another explanation might be that 

participants’ mental health benefited over the longer term from the increased social 

support and camaraderie resulting from continued use of the social features in the 

Fitbit® and Bupa Boost app.  This is discussed further together with survey and 

interview findings in Chapter 6. 

There were no significant changes (either statistical or clinically relevant) in physical 

health-related quality of life, perceived stress or productivity from baseline to 8-

month follow-up.  However, although there was no significant overall increase in 

either daily step count or physical health-related quality of life, there was a significant 

positive association between changes in steps and the SF-12 Physical Component 

Score from baseline to 8 months.  Participants who reduced their daily steps showed 

greater declines in physical health, and to some extent participants who increased 

their steps showed greater improvements in physical health.  There was a 

corresponding small but significant negative correlation between changes in self-

reported weekday sedentary time and physical health-related quality of life during 

this period, adding further support that physical health may improve as a result of 

increased PA and reduced SB within a workplace intervention.  Despite this, for the 

less active subgroup, there was no significant association between changes in steps 

and physical health-related quality of life; however, it is important to reiterate that this 

may in part be due to the small sample size in subgroup analysis which reduced 

power to detect an association. 

Findings in relation to the wider health impacts of workplace wellness interventions 

with a PA component have been mixed.  The literature suggests that potential 

benefits may include improved self-perceived wellness (Schrager et al., 2017), 
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enhanced psychological wellbeing (Abdin et al., 2018), improved physical and 

mental health-related quality of life (Emerson et al., 2017), lower perceived stress 

levels (Emerson et al., 2017), reduced weight and body mass index (Ganesan et al., 

2016, Yu et al., 2017, Freak-Poli et al., 2013a), lower blood pressure (Thorndike et 

al., 2014), reduced resting pulse rate (Koyle, 2013) and improved fasting plasma 

glucose (Freak-Poli et al., 2013a).  In contrast, some studies have reported no or 

even negative effects of workplace PA interventions, such as relative increases in 

weight and body fat compared with a control group (Reijonsaari et al., 2012).  Effect 

sizes for health and wellbeing benefits are generally small, and evidence may be 

limited and of poor quality (Freak-Poli et al., 2013b).  Researchers have 

consequently advised that employers should have ‘modest expectations’ about the 

potential health benefits of such programmes implemented in real-world workplace 

settings (Yu et al., 2017).  It may be that beneficial health impacts of PA 

interventions do not become apparent until several months or years later and future 

studies may therefore require a longer follow-up. 

Furthermore, it may be difficult to determine causality between PA and health and 

wellbeing, including the direction of the relationship.  For example, are those who are 

physically active more likely to experience improved physical health, or are those 

with better physical health more likely to engage in PA?  It is likely that the 

association is bi-directional and dynamic (Hiles et al., 2017, Liao et al., 2017). 

The negative correlation between changes in the Physical and Mental Component 

Scores of the SF-12 was an unexpected finding in the present study.  This 

correlation was apparent at baseline (as reported in Chapter 4) and remained 

significant throughout the study.  This shows that good physical health is not 

necessarily associated with good mental health in this sample, and should be 

explored further. 

The lack of an observed association between changes in PA (or sedentary time) and 

productivity in workplace interventions is not uncommon.  While a significant positive 

association between PA and productivity outcomes has been reported in 

observational studies (e.g. job performance and quality of work - Pronk et al., 2004), 

intervention studies for PA (Gram et al., 2012) and SB (Brakenridge et al., 2016b) 

have found no significant impact on productivity, even when the intervention was 
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otherwise successful.  Presenteeism is a component of the HPQ and was used to 

calculate the overall productivity score; there were no significant changes in 

presenteeism throughout the study.  The evidence is far from established in this field, 

although there is some preliminary indication that workplace wellness programmes 

are capable of producing improvements in presenteeism (Cancelliere et al., 2011).  

As with the impact on health and wellbeing, longer follow-up may be needed to 

detect improvements in presenteeism and productivity in the longer term.  

Standardised measures of presenteeism for use in future intervention trials have 

been called for (Cancelliere et al., 2011). 

There was an unexpected positive correlation between changes in self-reported PA 

and self-reported absolute absenteeism from baseline to 8 months, suggesting that 

officers and staff who are more active have higher levels of absenteeism.  There was 

also a near significant negative correlation between change in steps and change in 

HPQ productivity score during this period.  These findings may be of concern to 

managers and commissioners, for whom productivity and the economic benefits of 

PA interventions are likely to be both expected outcomes (see Chapter 7) and 

perceived as of central importance to supporting such initiatives (Buckley et al., 

2015, Morris et al., 2018).   

One possible explanation is that these results may be a consequence of using the 

HPQ as an assessment tool, which does not differentiate between sickness absence 

and factors such as annual leave; for example, if more participants were on leave at 

follow-up this could explain the higher ‘absenteeism’.  Relative absenteeism may be 

a more suitable measure of absenteeism than the absolute values, as it allows 

proportional comparison of workers who vary in full-time equivalents (Kessler et al., 

2004).  There were no significant correlations between changes in PA and relative 

absenteeism. 

It was not feasible to collect objective sickness absence data for both study sites, 

due to lack of availability of this data for North Dorset.  In addition, both sites were 

affected by data quality issues.  It is recommended that the organisations ensure that 

sickness absence data are complete, accurate and collected in a timely manner.  

Procedures for reporting sickness absences should be standardised between the 

Devon and Cornwall and Dorset Police forces if possible.  Taking these issues into 
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consideration, basic analysis of sickness data for the Plymouth BCU site found that 

there was no significant change in the total number of sickness absence episodes 

from pre- to post-intervention.  Furthermore, the number of duty days and total days 

lost due to sickness appeared to increase in frequency.  This contrasts with previous 

studies that have shown that more physically active employees (van den Heuvel et 

al., 2005, Proper et al., 2006) including police officers (Steinhardt et al., 1991) have 

lower levels of absenteeism.  Reasons for sickness absence also remained fairly 

consistent in frequency over time, with respiratory, digestive and musculoskeletal 

disorders as the most frequent causes of absence.  It must be kept in mind that 

these findings are tentative, however, due to the data quality issues and the wide 

range of factors that are known to impact on sickness absence (Korlin et al., 2009, 

Airaksinen et al., 2018).  Few mHealth intervention studies have included objective 

sickness absence as an outcome; this is an important gap to address in future 

research. 

As with the PA outcomes, the above findings need to be carefully interpreted in the 

context of an uncontrolled study design (see Chapter 8 for a full discussion of 

strengths and limitations).  However, the results are valuable in terms of exploring 

the impact (and mechanisms of action) of the intervention on health and wellbeing, 

perceived stress and productivity up to 8 months, and the potential impact on 

sickness absence up to 12 months, after beginning the intervention.  There were 

also some notable findings in relation to the appropriateness of outcome measures 

for future trials, such as the HPQ to assess productivity, and the need for high quality 

sickness absence data.  Larger sample sizes and longer follow-up may be needed to 

fully explore and clarify associations between PA, sedentary time, health and 

wellbeing, stress, productivity and sickness absence.  The key findings in this section 

are discussed with reference to the qualitative findings in Chapter 6. 
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CHAPTER 6 ACCEPTABILITY OF THE INTERVENTION FOR POLICE OFFICERS 

AND STAFF 
 

6.1  Introduction and overview 

In this chapter, data from the surveys and interviews (described in Chapter 3) are 

combined to build a picture of the acceptability of the PAW-Force intervention for 

police officers and staff.  Acceptability has varying definitions in mobile health 

(mHealth); however it includes aspects such as perceived usability, perceived 

usefulness, engagement or use, barriers to engagement, preferred intervention 

components, and negative impact or adverse events (Buckingham et al., 2019).  

These aspects, particularly qualitative measures of acceptability and participant 

experiences, in both the short and longer term, are generally understudied and 

underreported in the current mHealth literature (McCallum et al., 2018). 

The chapter begins with an exploration of the previous experiences and expectations 

of mHealth for study participants (section 6.2).  In section 6.3, engagement (i.e. 

intervention use) is outlined, including perceived usability and perceived usefulness 

and reasons for lack of engagement.  The perceived impact of the intervention on 

physical activity (PA) and sedentary time is explored in section 6.4, with reference to 

preferred intervention components and mechanisms of behaviour change.  The 

perceived impact on secondary outcomes (e.g. health and wellbeing) is then 

considered (section 6.5).  In section 6.6, findings related to adverse events and 

unintended consequences of intervention use are presented.  The chapter concludes 

with a summary and discussion of the key findings (section 6.7). 

 

6.2  Previous experiences and expectations of mHealth and fitness technology 

Engagement and experience of mHealth technology may be influenced by users’ 

previous experiences and expectations (Carter et al., 2018).  This section briefly 

focuses on participants’ previous experiences of mHealth and fitness technology, 

views on PA and reasons for participation, and expectations of the intervention 

including expected barriers to technology use.  Quantitative and qualitative data from 

baseline questionnaires and interviews are combined. 
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6.2.1 Previous use and experiences of mHealth and fitness technology 

Table 54 shows the proportions of participants who reported having used a wearable 

activity monitor and/or a health or fitness app prior to taking part in the study.  Just 

over half of all participants (98/180, 54%) had previously used a health or fitness 

app, compared with 37% (66/180) who had worn an activity monitor.  Of the total 

sample, 31% (55/180) had used both mHealth tools, while 39% (71/180) had used 

neither.  The most commonly used activity monitors were earlier versions of the 

Fitbit®, the Apple Watch®, Garmin® running watches and the (now discontinued) 

Jawbone UP®.  Frequently used health and fitness apps included those associated 

with these activity monitors, in addition to apps such as MyFitnessPal® to track diet 

and PA, and Strava® for running and cycling. 

 

Table 54 Previous use of mHealth and fitness technology: Number and % of participants 
(percentages of total number of participants) 

Previous activity 
monitor use 

Previous health or fitness app use  

 No Yes Total 
No 71 (39 %) 43 (24 %) 114 (63 %) 
Yes 11 (24 %) 55 (31 %) 66 (37 %) 

Total 82 (46 %) 98 (54 %) 180 (100 %) 

 

The baseline interviews confirmed the range of experience levels with mHealth and 

fitness technology.  Some participants had no experience of this technology (“It’s all 

new to me”), others had some familiarity from friends and family members with 

activity monitors or apps, while others were regular users (“I am used to tracking… I 

am used to logging everything”). 

 

6.2.2 Views on PA and reasons for participation 

It was clear from the interviews that the study participants had a range of levels of 

motivation at baseline and views on being physically active.  Some lacked motivation 

for exercise and had no interest in sport: 

“I can’t get my head round people enjoying sports and gyms and things like 
that.  I’ve tried it but didn’t enjoy it.”   

(Police staff, female, age 40+) 
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Others were highly intrinsically motivated at the beginning of the study, i.e. they 

exercised for personal enjoyment and obtained satisfaction from the behaviour itself 

(Deci and Ryan, 2000): 

“I’ve always been interested in sport.  I love it and I have always loved it.”  

(PCSO, male, age 40+) 

 

The Transtheoretical Model is an early psychological model of behaviour change 

devised by Prochaska and DiClemente (Prochaska and DiClemente, 1983).  The 

model is well established and has been widely used to conceptualise changes in 

lifestyle behaviours including PA (De Leon et al., 2014, Walsh et al., 2017).  A core 

aspect of this model is the ‘stages of change’, where it is proposed that individuals 

move through various stages in changing their behaviour – precontemplation (not 

even thinking about changing), contemplation (thinking about changing), preparation 

(preparing to change), action (enacting changes) and maintenance (sustaining the 

behaviour) (Prochaska and DiClemente, 1983).  At the beginning of the PAW-Force 

study, most participants appeared to be at the later ‘stages of change’ according to 

the Transtheoretical Model, with many at the ‘preparation’ stage.  They had 

volunteered to participate, were ready to change their behaviour and preparing to 

make the necessary changes in the near future.  For example: 

“I would like to do more.  My fitness levels aren’t what they were a few years 
ago.  I’m preparing to start a fitness plan with my wife.” 

(Police sergeant, male, age 18-39) 

 

Despite varying levels of motivation, all of those interviewed were enthusiastic about 

taking part in the study and using the Fitbit® and Bupa Boost app.  The reasons for 

participating in the study, as given by interviewees at baseline, were as follows: 

 Improving PA level or trying a new type of exercise 

 Reducing sedentary time at work 

 Improving fitness 

 Comparing one’s activity level with colleagues 

 Maintaining or improving health and wellbeing 

 Wanting to lose weight or improve appearance 
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 Reducing stress 

 Improving sleep 

 Improving confidence and enjoyment of life 

 Desire to learn about mHealth and fitness technology 

 

Although the reasons were varied they centred on improving or maintaining PA or 

reducing sedentary time.  Those who perceived themselves to be sufficiently active 

at baseline were keen to reduce their sedentary time: 

“I know that I do enough fitness.  I am just conscious of like how much, eight 
hours, I am sat at my desk.” 

(Police constable, female, age 18-39) 

 

Many reported ‘secondary’ reasons for taking part, such as wanting to improve their 

health and wellbeing or their physical appearance: 

"I am taking part for my health because I know that if I look better I will feel 
better.  I am hoping it is just going to have this knock-on effect for this forever 
feeling like, ugh, my God, you know.  I know I have got to do it... for my 
health, my appearance and general wellbeing I suppose really.” 

(Police constable, female, age 40+) 

 

One interviewee was motivated to participate by the results of a recent health and 

fitness screening in the workplace: 

"I wanted to do this trial because… somebody came in [to work] and did a 
fitness check.  After this health check I thought, no, I need to do something." 

(Police staff, female, age 40+) 

 

6.2.3 Expectations of mHealth and fitness technology / the intervention 

Regardless of their own experience with mHealth technology, some common 

expectations were reported by interviewees.  The expected functions of the 

technology were enabling self-monitoring and awareness of PA and sedentary time, 

goal-setting, social influence, and motivation. 

All of those interviewed talked about the technology giving information on their 

activity levels (and other health measures such as heart rate and sleep).  Some 
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interviewees reported that this was the component that most appealed to them as 

they liked to see evidence of their behaviour.  For example: 

“I like numbers and I like data.  If I can see data and improvements and 
tangible results because I don’t necessarily see results in my body… I like to 
see evidence that I have been working hard.  I am looking forward to getting 
that out of everyday use by using an activity tracker.” 

(Police inspector, male, age 40+) 

 

Some participants believed that self-monitoring and increased awareness would be 

sufficient to provide motivation to increase their activity levels: 

“It’s a good way like anything, it’s like when you go on a diet or when you do 
anything… anything that makes you think about what you’re doing.  I’m 
hoping that what it might do then is just make me make that effort to do a little 
bit more.” 

(Police staff, male, age 40+) 

 

“I would have thought wearing it would make you be more active, especially 
with the displays of how many steps you are doing, graphs and so on, and it 
would motivate you to increase your steps.” 

(Police constable, male, age 18-39) 

 

One police constable expected the technology to allow her to see the ‘bigger picture’ 

by monitoring progress over time: 

“… because if I just look at it day to day I probably wouldn’t remember… it 
would be nice to have a longer period of analysis.” 

(Police constable, female, age 18-39) 

 

Some expected the goal-setting component of the intervention to work well for them, 

and many talked about the importance of small, achievable goals.  For one police 

officer, goal-setting appealed to his competitive nature: 

“I am one if I have got a target or plan I will go for it because I am quite 
competitive and will try and achieve something, so I thought it would probably 
work for me.” 

(Police sergeant, male, age 18-39) 
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Other interviewees expected to be more motivated by the social influence aspects of 

the intervention.  This is a form of extrinsic motivation, where a behaviour is 

performed for external rewards (or to avoid punishment) rather than for its own 

enjoyment (Deci and Ryan, 2000).  For one member of police staff with a ‘low’ 

baseline activity level (according to the International Physical Activity Questionnaire, 

IPAQ), both social accountability and social support were expected to be important 

extrinsic motivators: 

“I thought this should give me motivation… if nobody’s sort of, like, there 
watching me, I might not do it… It’s when you’ve got the support of people 
around you, that encourages you.” 

(Police staff, female, age 40+) 

 

Social support outside of, in addition to within, the app was expected to influence 

behaviour: 

"I am hoping people will be talking about it and encouraging each other on." 

(Police constable, female, age 40+) 

 

Overall, the expectation of those interviewed was that the intervention would be 

effective for increasing or maintaining PA and/or reducing sedentary time, although 

one interviewee recognised the importance of individual differences in the impact of 

interventions: 

“Not everything works for everybody.  Whether it will make a difference I don’t 
know, but I’d like to think it would.” 

(Police constable, female, age 40+) 

 

Three of the 10 participants interviewed at baseline reported that they expected to 

encounter barriers to use of the Fitbit® or Bupa Boost app.  All of these reported lack 

of technological skills as a potential problem (for example, “I am a bit of a 

technophobe” or, “Phones are for making phone calls and texting; that’s about the 

limit of it with me.”).  Support for setting up and using the technology was perceived 

as necessary by these individuals, and all reported having a family member who was 

able to help (for example, “I have got a son at home who, if I get stuck, can help me 

sort it out”). 
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6.3  Engagement, perceived usability and perceived usefulness 

Engagement with digital behaviour change interventions is of central importance and 

is a prerequisite for intervention effectiveness (Perski et al., 2017).  However, the 

‘law of attrition’, which refers to the discontinuation of eHealth application use over 

time (Eysenbach, 2005), is still considered one of the greatest challenges in relation 

to eHealth technology (Kohl et al., 2013).  Declining engagement and discontinuation 

of the use of mHealth technology over time is extensively reported in the literature 

(Afshin et al., 2016, Buckingham et al., 2019).  While many studies have been 

relatively short term and the levels of engagement vary greatly between studies, 

attrition rates of up to 100% have been reported in workplace mHealth studies of one 

year duration (for example, Brakenridge et al., 2016b). 

Within this context, this section includes a quantitative and qualitative overview of 

engagement with the intervention.  Quantitative measures of engagement are first 

presented, including frequency and duration of use of the Fitbit® and the Bupa Boost 

app, features used and goals set.  Quantitative survey findings and interview findings 

are then combined to build a picture of the usability and usefulness of the 

intervention, as perceived by participants.  Reasons for lack of engagement (which 

were closely associated with usability and usefulness) are then explored as an 

additional dimension of acceptability, again combining survey and interview findings. 

 

6.3.1 Intervention usage, features used and goals set 

Overall, engagement with the Fitbit®, as measured by self-reported wear time, was 

high in both the short and longer term, although there was a small decline over time, 

as shown in Table 55.  At baseline, all 180 participants had worn the Fitbit® for at 

least four of the previous seven days, for a mean of 6.9±0.4 days and 22.6±2.8 

hours/day.  After six weeks (mid-intervention), 98% (156/159) of responding 

participants were wearing the Fitbit® (the percentage of the whole sample wearing 

the device was unknown).  Mean wear time after six weeks was 6.7±1.0 days/week 

and 22.3±3.3 hours/day.  After 12 weeks (post-intervention), 97% (146/151) of 

responding participants were wearing the Fitbit®, for a mean of 6.6±1.0 days/week 
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and 22.0±3.7 hours/day.  At the 8-month follow-up, 83% (119/143) of survey 

respondents were wearing the Fitbit® (one of these was still using the device but had 

not worn it during the previous seven days).  At this time point, the mean wear time 

was 6.5±1.1 days/week for 21.4±4.1 hours/day.  Approximately 17% of participants 

(24/143) reported that they had stopped wearing the Fitbit® after 8 months. 

 

Table 55 Summary of Fitbit® wear time (self-reported) at the various outcome time points 

Time point n1 Days worn during the 
previous 7 days 

Hours per day worn during the 
previous 7 days 

Mean (SD) Range Mean (SD) Range 

Baseline (week 0) 180 6.9 (0.4) 4 to 7 22.6 (2.8) 7 to 24 
Mid-intervention (week 6) 156 6.7 (1.0) 1 to 7 22.3 (3.3) 5 to 24 

Post-intervention (week 12) 146 6.6 (1.0) 1 to 7 22.0 (3.7) 6 to 24 
Follow-up (month 8) 118 6.5 (1.1) 1 to 7 21.4 (4.1) 7 to 24 

Note: SD = Standard Deviation; n = number of participants who reported wearing the Fitbit 
1 Participants who reported wearing the Fitbit for 0/7 days or less than one hour/week are not included in the 

table.   

 

Engagement with the Bupa Boost app (as measured by self-reported usage time) 

was lower throughout the study, and a more rapid decline in engagement over time 

was observed (see Table 56).  After six weeks (mid-intervention), 65% (104/159) of 

responding participants reported using the Bupa Boost app, compared with 60% 

(91/151) after 12 weeks (post-intervention).  At the 8-month follow-up, only 27% 

(39/143) of responding participants reported that they were still using the app (three 

of these were still using the app occasionally but had not logged in during the 

previous seven days and are therefore not included in the table).  Despite the high 

non-usage rate, the mean usage time (frequency and duration) did not change 

significantly during the study.  There was a small increase in mean usage frequency 

from 4.5±2.4 days/week at week 6 to 5.1±2.1 days/week at week 12 (remaining at 

5.1±2.3 days/week at month 8).  Throughout the study, the majority of users of the 

Bupa Boost app logged in for one to five minutes per day. 
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Table 56 Summary of Bupa Boost use (self-reported) at the various outcome time points 

Time point n1 Days used 
during the 

previous 7 days 
 

Time per day used during the previous 7 days 
n (%) 

Mean 
(SD) 

Range Less 
than one 
minute 

1-5 
minutes 

5-15 
minutes 

15-30 
minutes 

30-45 
minutes 

Baseline (week 0) N/A N/A N/A N/A N/A N/A N/A N/A 

Mid-intervention  
(week 6) 

104 4.5 (2.4) 1 to 7 9 (9) 64 (62) 27 (26) 4 (4) 0 (0) 

Post-intervention 
(week 12) 

91 5.1 (2.1) 1 to 7 7 (8) 49 (54) 26 (29) 8 (9) 1 (1) 

Follow-up (month 8) 36 5.1 (2.3) 1 to 7 7 (19) 21 (58) 6 (17) 0 (0) 2 (6) 

Note: SD = Standard Deviation; n = number of participants who reported using the Bupa Boost app 
1 Participants who reported they had not logged in to the app within the previous 7 days are not included in the 

table.   

 

The features of the Bupa Boost app used by participants at each time point are 

detailed in Table 57.  Goal-setting and earning virtual rewards (i.e. wellness points 

and badges) were used most frequently throughout the study; these ‘individual’ 

features were reported to be used by 89% (93/104) of participants at week 6, 74% 

(77/104) at week 12, and 45% (29/65) at month 8.  The second most frequently used 

feature was group challenges (i.e. use of the leader board to compare and compete 

with colleagues); 41% (43/104) of participants at week 12 and 28% (18/65) at month 

8 reported to have used this feature.  Company and team challenges were reported 

to have been used by 25% (26/104) of participants at week 12 and 15% (10/65) at 

month 8, and use of the social feed was reported by 28% (29/104) of participants at 

week 12 and 12% (8/65) at month 8.  The Bupa library including self-help 

information, and supportive messages to colleagues, were used less frequently, with 

only 8% (5/65) and 6% (4/65) of participants respectively reporting having used 

these features at 8 months.  There was an overall decline in the use of features over 

time.  Acceptability of these features as perceived by interviewees is discussed in 

section 6.4. 
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Table 57 Features used in Bupa Boost (self-reported at each time point) 

Note: n = number of participants using feature 
N/A = participants were instructed not to use feature until the social phase (weeks 7 to 12)  
 

 

Between the beginning of the study and week 6, approximately 50% (80/159) of 

participants reported having set PA or fitness goals in addition to increasing their 

daily step count.  This included goals set within the Fitbit® and/or the Bupa Boost 

app.  It was evident that many participants had used action planning, i.e. detailed 

goal-setting to specify when, in which situation and/or where to perform the 

behaviour (Michie et al., 2011b).  The Bupa Boost app provided suggested goals and 

also allowed goals to be created or customised.  Examples of goals set were: 

 Go to the gym three times per week 

 Walk to work four days per week 

 Lift weights twice a week 

 Walk the dog for longer than 30 minutes each day 

 Swim at least once a week 

 Cycle 100 miles per week 

 

While the majority of participants using Bupa Boost used the app to manage their PA 

and fitness (e.g. 93/104 or 89% at week 6), a proportion used it to manage additional 

health and wellbeing behaviours.  This included goal-setting in relation to nutrition 

(39/104, 38% at week 6), mindfulness (27/104, 26% at week 6) and relaxation 

(20/104, 19% at week 6).  Examples of nutrition, mindfulness and relaxation goals 

Time point Total 
number of 
responses 

Setting 
own 

goals, 
earning 

wellness 
points 

and 
badges 
n (%) 

Bupa library 
and self-

help 
information 

n (%) 

Group 
challenges / 

leader 
board to 
compete 

with 
colleagues 

alone 
n (%) 

Company or 
team 

challenges 
(competing 

with 
colleagues 
as a team) 

n (%) 

Social feed 
(to view 

progress of 
colleagues) 

n (%) 

Messages to 
colleagues 

(motivation and 
encouragement) 

n (%) 

Mid-
intervention 

(week 6) 
 

104 93 (89) 14 (13) N/A N/A N/A N/A 

Post-
intervention 
(week 12) 

 

104 77 (74) 9 (9) 43 (41) 26 (25) 29 (28) 5 (5) 

Follow-up 
(month 8) 

65 
 
 

29 (45) 5 (8) 18 (28) 10 (15) 8 (12) 4 (6) 
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respectively were, ‘drink more water’, ‘no screens after 10.00pm’, and ‘spend time 

outdoors six days per week’. 

 

6.3.2 Perceived usability and usefulness 

The Technology Acceptance Model is an early theory that was proposed to explain 

and predict user acceptance of information technologies (Davis, 1989).  According to 

this model, perceived ease of use and perceived usefulness are the two main 

determinants of acceptance and use of a new technology (Davis, 1989).  The model 

has since been applied to health information technology and while some 

modifications have been suggested, there is evidence that these two factors remain 

valid and important for predicting acceptance (Holden and Karsh, 2010).  In the 

PAW-Force study, participants were asked to rate the perceived usability and 

usefulness of the Fitbit® and Bupa Boost app on a Likert-type scale in both the mid-

intervention (week 6) and post-intervention (week 12) surveys.  The questions were 

based on participants’ perceptions of ease of use and whether the technology helped 

them to be more physically active. 

The results are shown in Table 58 and Table 59.  The Fitbit® was rated as easier to 

use than Bupa Boost in both the mid-intervention (week 6) and post-intervention 

(week 12) surveys.  For example, the mean usability rating of the Fitbit® at week 12 

was 4.7 compared with 3.6 for Bupa Boost (where 5 was the highest possible score 

and 1 was the lowest).  Ratings for usability of the Bupa Boost app ranged from 1 to 

5, compared with 3 to 5 for the Fitbit®, indicating that some participants perceived 

major usability issues with Bupa Boost.  The ratings for usefulness (i.e. whether 

participants perceived the technology had helped them to increase their PA level) 

were slightly lower for both the Fitbit® and Bupa Boost app, but most agreed that the 

Fitbit® had been useful (mean rating 3.9) compared with a mean rating of 3.2 for 

Bupa Boost.  Ratings did not change substantially from week 6 to week 12. 
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Table 58 Perceived usability of the Fitbit® and Bupa Boost app 

Time point Fitbit usability rating Bupa Boost app usability rating 

n Mean (SD) Range n Mean (SD) Range 

Mid-intervention  
(week 6) 

158 4.8 (0.5) 3 to 5 128 3.5 (1.2) 1 to 5 

Post-intervention  
(week 12) 

147 4.7 (0.5) 3 to 5 118 3.6 (1.2) 1 to 5 

Note: SD = Standard Deviation; n = number of responses 
Participants were asked: “On a scale of 1 to 5, where 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = 
strongly disagree, how much do you agree that the Fitbit/Bupa Boost was easy to use?”  

 

Table 59 Perceived usefulness of the Fitbit® and Bupa Boost app 

Time point Fitbit usefulness rating Bupa Boost app usefulness rating 

n Mean (SD) Range n Mean (SD) Range 

Mid-intervention  
(week 6) 

158 3.9 (1.1) 1 to 5 128 2.9 (1.3) 1 to 5 

Post-intervention  
(week 12) 

147 3.9 (1.0) 1 to 5 117 3.2 (1.3) 1 to 5 

Note: SD = Standard Deviation; n = number of responses 
Participants were asked: “On a scale of 1 to 5, where 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = 
strongly disagree, how much do you agree that the Fitbit/Bupa Boost helped you to be more physically active?” 

 

Interview data and qualitative survey data supported these quantitative results.  All of 

the participants that were interviewed stated the Fitbit® was easy to use and navigate 

(for example, “It’s a great little watch… it’s really easy to navigate around”).  These 

views were shared by participants who reported low technological familiarity and 

skills.  For example: 

“I think, overall, it is very simple to use, even for people like me.” 

(Police constable, female, age 40+) 

 

All of the interviewees reported that the Fitbit® had either met or exceeded their 

expectations, for example:  

"It’s probably better than I expected it to be.  I thought I’d get bored of it really 
quickly, and give up on it. I thought it wouldn’t be particularly accurate.  But it 
was better than I expected it to be for sure." 

(Police staff, female, age 18-39) 

 

As further evidence for high perceived acceptability of the Fitbit®, several 

interviewees talked about purchasing a newer model of the device for themselves 

(“I’ve been looking at upgrading the Fitbit”), recommending it to family, friends and 
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colleagues (“A lot of people in the station are talking about getting them as well 

now”), or even buying one for a family member (“I’m considering getting one for my 

dad because he’s had a stroke and he’s not as active as he used to be”). 

In contrast, interviewees reported relatively lower usability and usefulness of the 

Bupa Boost app: 

"I found it very awkward to use. It wasn't user friendly at all."  

(Police constable, male, age 18-39) 

 

"I found it [Bupa Boost app] was a little bit complicated really, and it wasn’t 

that simple to follow like the Fitbit is." 

(Police constable, male, age 40+) 

 

There was a general link between perceived usability and usefulness and 

engagement with (i.e. use of) the intervention.  This is summarised by the following 

participant: 

"The Bupa Boost app, I used very occasionally because I didn’t particularly 
find it a very user friendly or useful app." 

(Police staff, female, age 18-39) 

 

For some, perceived usability and usefulness of Bupa Boost improved over time as 

use and familiarity increased:  

“It [Bupa Boost app] took a while to get used to.  I’d probably say a couple of 
weeks just to understand the bits that I like.” 

(Police inspector, male, age 40+) 

 

"Regarding Bupa Boost, yes, I do like that app, not as much as say, the Fitbit, 
only because I didn't know how to use it at the beginning.  I started playing 
around with it and then I started realising how to use it… I still use it now, so, 
that must mean I do like Bupa Boost.  I've definitely grown to it."  

(PCSO, female, age 18-39) 

 

Interviewees who initially expected difficulty in using the technology tended to 

experience more problems with usability, particularly with the Bupa Boost app.  
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Some overcame this with help from family members, but for others their perceived 

lack of technological skills remained a barrier, for example: 

"I'm not technically-minded.  It's probably another reason for not automatically 

going to it [the Bupa Boost app].  I don't tend to use apps on my phone 

massively.  I just use what I have to." 

(Police constable, female, age 40+) 

 

The qualitative survey and interview data provided further insight into the specific 

aspects (positive and negative) of usability and usefulness of the Fitbit® and Bupa 

Boost, which are summarised in Figure 20.  The Fitbit® was praised for its user 

interface and easy to navigate menus, in contrast to the Bupa Boost app where 

several spoke negatively of its user interface and reported it was difficult to find 

colleagues within the app.  The Fitbit® was also perceived as convenient to charge 

(“The battery was good, I probably charged it once a week and that was about it”). 

Participants liked the range of features of the Fitbit® (such as monitoring heart rate 

and sleep in addition to PA), and found that it was small and lightweight yet durable.  

Some interviewees mentioned that it was convenient and compatible with the 

policing uniform and role: 

"It's good to wear with the police uniform because it's black and it's quite 
subtle." 

(Police sergeant, male, age 18-39) 

 

"Practicality-wise it’s quite useful for specials as it’s quite a durable little thing, 
we can have a watch on our wrist without worrying too much about it getting 
broken by some lovely person who wants to tackle someone or something 
[laughs].  What I had before was an iWatch and I didn’t want to wear that out 
and about on the streets.  It’s been nice having something a bit more durable 
for certain times." 

(Police staff / special constable, male, age 18-39) 

 

Waterproofing was the most commonly suggested improvement to usability and 

usefulness of the Fitbit®:  

"I don't like the fact that it's not waterproof.  I go to the beach a few days in the 
summer, surfing, and playing on the beach and in the sea.  I'm in the sea for 
maybe four or five hours.  It seems ironic that you've got to take off an activity 
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tracker.  It seems like it's almost not fit for purpose, if it's not made to be 
waterproof and you can't wear it in the sea... My kids have got their Garmin 
one on.  I've got to take off my Fitbit." 

(Police inspector, male, age 40+) 

 

"I kayak so I don’t use it in those situations which is a shame really." 

(Police constable, male, age 40+) 

 

In addition to improved suitability for water-based activities, other suggested 

changes to the Fitbit® were greater suitability and accuracy for a wider range of 

activities including boxing, gym exercise, and horse riding.  Some interviewees 

perceived that their true PA level was not reflected in their step count as recorded by 

the Fitbit®: 

"I've been doing boxing training… the only limitation is I can't wear it for that 
because of the gloves.  I can’t get the gloves on with it - which is a shame 
because my activity would have shown I had achieved a lot more if I just had 
that on at the time.” 

(Police sergeant, male, age 18-39) 

 

"One of the complaints that people say is, look, I go in the gym, I work really 
hard, but it doesn't record that as a step.  I can see that; you're not really 
stepping.  But it almost looks like you're not doing any exercise.  Some people 
are doing 5,000 steps a day, but they go in the gym for two hours and that's 
not recorded." 

(PCSO, male, age 40+) 

 

"I horse ride once a week.  I think the only thing, wearing it horse riding and 
even though it’s physical exercise, it tells me I’ve gone about 10K when I 
haven’t, I’ve been on the back of a horse!" 

(Police sergeant, female, age 18-39) 

 

One interviewee suggested that the Fitbit® could be modified or adapted for those 

who work night shifts.  As the current cut-off for measuring daily steps is midnight to 

midnight, this is designed for those with a typical 9 to 5 work pattern.  This might 

result in feelings of discouragement when monitoring steps on a daily basis.  This 
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may be an important consideration when designing mHealth technologies for shift 

workers: 

"Sometimes… my body clock isn't midnight to midnight.  My body is seven in 

the morning until seven in the morning.  If I do a night shift, I might sleep most 

of the day, then do a night shift, it will read for that day only 3,000 steps.  Of 

course, I'm going to be awake another 12 hours yet.  If you're a night worker, 

the data gives you a midnight cut-off, even though you're going to be awake 

for another 10 hours.” 

(Police inspector, male, age 40+) 

 

Despite the comparatively lower perceived usability of Bupa Boost, participants 

recognised its main advantages were flexible and personalised goal-setting and its 

applicability to a wider range of behaviours including nutrition, relaxation and 

mindfulness.  Suggested improvements were a better user interface, improved ability 

to synchronise with (i.e. transfer data from) the Fitbit® or other wearable devices, 

reminders to log in to the app and/or more automated tracking of activity and 

recording of goals, and fewer, more meaningful notifications: 

"I just don't find it links very well with the Fitbit app.  It doesn't recognise when 
you do hit targets and it doesn't sync in with statistics about how far you've 
run and time as well.” 

(Police constable, male, age 18-39) 

 

"The app is pretty good, but if there was some way for it to remind you, at say 
six o’clock in the evening or something that you haven’t ticked off any of your 
goals… That would be quite good, so you can be checking and getting 
streaks going and things like that." 

(Police staff, male, age 18-39) 

 

"I wasn't sure of marking the goals.  I set myself a secondary goal of going to 
the gym… and then I thought, well I'm not actually getting any record of doing 
that, but I think that was my fault, where I should have clicked on when I've 
been to the gym, click on it and then that would have recorded it." 

(PCSO, male, age 40+) 

 

"... loads of things flagging up but nothing really meaningful.  I got a few 
requests off people to challenge me for certain things.  But I didn't know what 
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was required in terms of accepting one of these notifications as a challenge… 
Just keep it simple.” 

 (Police sergeant, male, age 18-39) 

 

Interviewees also suggested that a fairer system for earning rewards and for 

competing against colleagues was needed.  Acceptability of social features and 

rewards and perceived usefulness in relation to impact are discussed in section 6.4. 

 

Figure 20 Summary of positive and negative perceptions of the Fitbit® and Bupa Boost app in 
relation to usability and usefulness 

 

6.3.3 Reasons for lack of engagement 

Qualitative responses from the surveys and interviews allowed insight into the 

observed decline in engagement with the intervention over time.  The reasons for 

lack of engagement with the Fitbit® and the Bupa Boost app, as reported by survey 

respondents at various time points, are detailed in Table 60 and Table 61.  

Disengagement from the intervention was frequently related to issues of perceived 

usability and usefulness, as predicted by the Technology Acceptance Model (Davis, 

1989, Holden and Karsh, 2010) but other factors also had an influence.  There were 

some changes over time in the nature and frequency of reasons for disengagement. 

Usability issues were reported by participants as reasons for disengagement 

throughout the study, and these became more frequent over time.  For the Fitbit®, 

the main issues were problems with charging, broken devices and other technical 

Fitbit® 
 

+ Good user interface and easy to navigate 
+ Range of features 
+ Small and lightweight 
+ Durable 
+ Easy to charge 
+ Practical to wear with police uniform  
- Not waterproof 
- Perceived as sometimes inaccurate and/or 
not suitable for some types of activity (e.g. 
horse riding, boxing) 
- Less useful for night shift workers 
 

Bupa Boost 
 

+ Flexible and personalised goal-setting 
+ Good for monitoring diet/nutrition, relaxation 
and mindfulness as well as physical activity 
- Poor user interface and difficult to find 
colleagues 
- Not enough automated tracking of activity 
- Did not link well with the Fitbit (or other 
devices) 
- Too many (and meaningless) notifications 
- Points/rewards and competitions were 
sometimes perceived as unfair 
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problems such as synchronising with phones or computers.  Many participants 

stopped using the Bupa Boost app as they perceived it as not user friendly and/or 

too complicated.  Several reported not understanding how to use the app, despite 

being given a simple user guide at the beginning of the study (see Appendix 4e).  

Technical problems with Bupa Boost increased over time, and some participants 

reported that they had stopped using the app because it did not synchronise well 

with the Fitbit®.  A small number of participants reported forgetting to log in to Bupa 

Boost throughout the study; this suggests that reminders may be needed, either 

through the app or from the study team.  One participant stopped using Bupa Boost 

due to ‘annoying’ notifications.  Over the longer term, some participants reported that 

logging goals manually became a chore and so stopped using the app. 

Low perceived usefulness was also clearly related to disengagement, again 

particularly in the longer term.  Some participants stopped using the Fitbit® and/or 

Bupa Boost app due to perceived inaccuracies in recording their activity.  Others did 

not find the technology helpful or motivating; this was a frequent reason for choosing 

not to use Bupa Boost in particular, and more prevalent at the 8-month follow-up.  At 

this same time point, six participants reported that they stopped using the Bupa 

Boost app as they did not wish to use the social components to connect with or 

compete against their colleagues; this included concerns over privacy. 

Some participants were using an alternative activity tracker to the Fitbit®, and/or an 

alternative app to Bupa Boost; this was reported more frequently as the study 

progressed.  The new technological tool(s) were perceived to be of higher usability 

and/or usefulness.  For example: 

"[The Fitbit] is more basic than my Garmin watch.  The Garmin gives me more 
details on any physical activity I do.  I think for someone that's really into their 
fitness and the friends that I know… the ones that… do a lot of training or that 
type of stuff, they will have a Garmin watch."  

(Police constable, female, age 18-39) 

 

For Bupa Boost, one of the most frequently reported reasons for disengagement was 

preferring to use the Fitbit® app alone.  Many participants believed there was no 

need for the two apps, which they perceived to be similar in terms of function (as 

noted in Chapter 3, the Bupa Boost app only contained one behaviour change 
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technique (BCT) that could not be accessed in the Fitbit® or its associated app, 

although use of social features was encouraged only within Bupa Boost).  Perceived 

duplication in function was reported by interviewees (“It almost became like doing the 

same thing twice”).  Participants generally perceived the Fitbit® app as more usable 

and useful than the Bupa Boost app, and so remained more engaged with the Fitbit® 

app. 

In addition to perceived usability and usefulness, some additional factors influencing 

engagement with the PAW-Force intervention were identified.  These included 

convenience and accessibility, health status and motivation. 

Convenience and accessibility issues were frequently reported as reasons for lack of 

engagement.  The nature of these issues changed over time, initially primarily 

involving short-term lifestyle and external factors such as lack of time and annual 

leave, and later based on longer-term compatibility with one’s existing routine and 

habits.  For some participants, if wearing the Fitbit® did not fit in with their lifestyle 

(e.g. at times of home renovation or high work stress), or if wear became 

burdensome, they stopped using the device.  Others adapted use to their lifestyle 

and preferences, for example only wearing the Fitbit® as an exercise tool at times 

that were convenient to them. 

Health status was reported by a small number of participants as a reason for lack of 

engagement and was a fairly consistent influencer throughout the study.  Factors 

relating to health status included illness, injury and adverse reactions to wearing the 

Fitbit® (see section 6.6).  For example: 

"I did download the Bupa Boost, started, thought I would do quite well on it.  
And then I got poorly and it went downhill then.  I didn't do any challenges and 
it just paled into insignificance, really.” 

(Police constable, female, age 40+) 

 

Motivation was the final factor influencing engagement.  Lack of enjoyment, 

boredom, and loss of interest increased in frequency over time, particularly for the 

Bupa Boost app.  Some participants simply stated they did not like the app so did not 

use it.  At the 8-month follow-up, one interviewee reported an observed decline in 

motivation and engagement amongst his colleagues: 
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“I know a lot of people at work went, ‘I’m not using that [the Bupa Boost app] 
anymore.  I can’t be bothered to use it.’  There was quite a bit of that.”  

(Police constable, male, age 18-39) 

 

 

Table 60 Reasons for lack of engagement with the Fitbit® (as reported by survey respondents) 

 
 

Reason 

Number of participants stating 
as a reason for not wearing the 

Fitbit 
Week 6 
(n = 3) 

Week 12 
(n = 5) 

Month 8 
(n = 24) 

On holiday / annual leave / out of force 3 2 0 

Illness or injury 0 2 1 

Adverse reaction to wear (e.g. skin irritation) 0 2 2 

Prefers to use another fitness watch or tracker 0 0 5 

Charging issues including lost charger or charging became burdensome 0 0 4 

Lifestyle factors meaning not practical to wear or causing distraction 
(e.g. home renovation, work stress) 

0 
 

0 
 

4 
 

Perceived as inaccurate (including time and PA) 0 0 3 

Broken Fitbit or strap 0 0 2 

Technical problems (e.g. stopped working or syncing with phone or 
computer) 

0 
 

0 
 

2 
 

Became an encumbrance wearing both Fitbit and a wrist watch 0 0 2 

Prefers to wear occasionally for sport only 0 0 2 

Has been less active so prefers not to wear 0 0 2 

Did not find the Fitbit helpful or motivating 0 0 2 

Did not find the Fitbit enjoyable to use 0 0 1 

Did not feel the need to continue to monitor activity as aware of PA level 0 0 1 
Note: n = number of participants.  Some participants stated more than one reason 
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Table 61 Reasons for lack of engagement with the Bupa Boost app (as reported by survey 
respondents) 

 
 

Reason 

Number of participants stating 
as a reason for not using the 

Bupa Boost app 
Week 6 
(n = 55) 

Week 12 
(n = 60) 

Month 8 
(n = 104) 

Prefers to use the Fitbit app (or another app) / found no need for two apps 14 9 21 

Lack of time (including due to work, lifestyle factors or unspecified) 12 14 7 

Not user friendly / too complicated 9 13 17 

Forgot to use the app or log in to update goals 8 5 6 

Lack of technological skills / do not understand the app 7 4 5 

On holiday (did not use in previous week) 5 1 0 

Technical problems (e.g. unable to download app, not compatible with 
smartphone) 

4 
 

4 
 

6 
 

Did not find it helpful or motivating (including competitions perceived as 
unfair) 

4 
 

10 
 

20 
 

Not interested in using app 2 3 3 

Illness or injury 2 4 4 

Not using Fitbit therefore did not use Bupa Boost 1 0 9 

Perceived as inaccurate for recording activity 1 1 0 

App does not sync well with Fitbit 1 3 2 

Do not like the app (unspecified) 0 2 2 

Logging goals manually became a chore 0 1 3 

Notifications were annoying 0 1 1 

Lost interest over time / boredom 0 1 5 

No desire to connect with or compete against colleagues (including 
privacy concerns) 

0 
 

0 
 

6 
 

Did not feel the need to continue to monitor activity as aware of PA level 0 0 1 
Note: n = number of participants.  Some participants stated more than one reason 

 

There were large individual differences in levels of engagement with the intervention 

over time.  For many, engagement was consistently high through the 8 months of the 

study: 

"I've pretty much had the Fitbit attached to my wrist from the beginning.  It's 
only left my wrist to charge for about an hour or so.  It's on there pretty much 
permanently.”   

(Police inspector, male, age 40+) 

 

Others reported fluctuations over time in their engagement with the technology.  For 

example, one police officer stopped using the Bupa Boost app but then experienced 

a motivational pull to use it again: 

 



248 
 

“I really missed not going on the app, updating and getting my points up.  I 
find it quite a good motivational tool.  So I went back to it about two weeks 
after stopping.” 

(Police constable, male, age 18-39) 

 

Another officer interviewed at the 8-month follow-up felt that the Fitbit® and the Bupa 

Boost app had already promoted awareness of her PA level, improved her 

motivation and changed her mind set, and so were no longer needed, but reported 

she would use the technology again in the event of a relapse in behaviour: 

"It certainly helped in getting me motivated and getting back into being fit 

again.  I've got back into that mind set now.  If I slip again, I'd probably put it 

on and wear it every day again." 

(Police sergeant, female, age 18-39) 

 

6.4  Perceived impact on physical activity and sedentary time (and mechanisms of 

change) 

The interviews confirmed the quantitative findings, provided explanations for the 

observed impact of the intervention on PA and sedentary time and gave a detailed 

insight into the mechanisms of behaviour change.  In this section the findings from 

post-intervention and follow-up interviews are presented, together with survey data 

on preferred intervention phase (i.e. individual versus social).  The findings are 

interpreted with reference to relevant BCTs (focusing on the CALO-RE taxonomy 

(Michie et al., 2011b)) and the COM-B model of behaviour change (Michie et al., 

2011a). 

 

6.4.1 Mechanisms of behaviour change and preferred intervention components 

The interviews offered a potential explanation for why significant increases in daily 

step count were not observed for participants overall, yet self-reported PA did 

increase.  Regardless of their activity level at baseline, many participants reported 

making changes to their usual activity type, which would not have been reflected in 

step count data (see also section 6.3.2).  For example, some individuals had begun 

boxing or water-based activities (where it was not practical to wear the Fitbit®), and 



249 
 

others reported more gym activity and strength training.  This reaffirms the 

importance of including multiple outcomes to capture a wide range of types of PA. 

Those with lower activity levels (and daily steps) at baseline perceived that the 

intervention had a larger impact on PA in both the short and longer term.  

Interviewees who were highly active at baseline perceived that the technology 

helped them to maintain, rather than significantly increase, their PA.  This confirms 

the quantitative findings outlined in Chapter 5 which demonstrated a larger impact 

on PA for participants who were less active at baseline.  These differences are 

exemplified in the following quotes: 

"Since I started this trial I have taken to walking a lot more; walk the dogs 
further and just a bit of a count with my husband, we go out walking the dogs 
and sometimes we get up to 10,000, which is brilliant.  When I'm walking, I 
don't just saunter along, I try to get my heartbeat up to the maximum beat and 
then come down again.  I've also started Pilates, which I appreciate doesn't 
really come into fitness, but it's just something else that is making me move.  
And I recently re-joined the gym again with a view of getting more fitness, 
more healthy in the future.” 

(Police constable, female, age 40+, <10,000 steps/day and ‘moderate activity 
level’ at baseline) 

 

"Because I was already reasonably active before I started this... so, for me, it 
maintained, let’s put it that way.  I wouldn’t say it definitely improved, but 
definitely maintained.” 

(PCSO, female, age 18-39, >10,000 steps/day and ‘high activity level’ at 
baseline) 

 

According to the post-intervention survey, (see Table 62), the majority of participants 

preferred the ‘individual’ (56%) phase of the study to the ‘social’ (7%) phase.  The 

individual components were goal-setting, self-monitoring, feedback, earning virtual 

rewards (i.e. wellness points and badges within the Bupa Boost app), and the Bupa 

library/self-help information.  The social phase included the individual components in 

addition to the social feed (social comparison), messaging colleagues (social 

support) and competing with colleagues individually or as part of a team.  Although 

there were large individual differences, the interviews confirmed that the individual 

components were generally perceived as more acceptable and most impactful.  This 

is in accordance with the quantitative findings, where the addition of social 
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components was not associated with any significant changes in PA or sedentary 

time. 

 

Table 62 Preferred phase of study (individual vs. social), n = 91 

Note: Only participants who had used the Bupa Boost app during both the individual and social phases were 

asked to report their preference 

 

One of the most powerful mechanisms of behaviour change appeared to be self-

monitoring and awareness of PA and sedentary behaviour (SB), in addition to 

monitoring of behavioural outcomes such as heart rate and weight, in the Fitbit® and 

Bupa Boost app.  Self-monitoring of behaviour and outcomes are two BCTs in the 

CALO-RE taxonomy (see Chapter 3).  All of those interviewed commented on the 

usefulness of knowing their daily step count, PA level and time spent sedentary.  For 

many, particularly those who were less active at baseline, this was sufficient to 

motivate them to be more active:  

"Having it [the Fitbit] has been very useful… because it does show you your 
step count.  I always thought I do quite a bit of activity, but my activity levels 
aren’t as great as I thought they were really, so it has given me, dare I use the 
word ‘boost’ to do more really.  It has certainly done that." 

(Police constable, male, age 40+, increased steps and activity and reduced 
sedentary time from baseline to post-intervention) 

 

Others reported that self-monitoring was useful for making them aware of times 

when they were least active (during shift work, for example) and helped them to self-

regulate their behaviour: 

 

Preferred phase n (%) of participants 

Individual: goal-setting, self-monitoring, feedback, earning virtual 
rewards (wellness points and badges), and Bupa library/self-help 

information 
 

51 (56) 

Social: social feed (social comparison), messaging colleagues (social 
support), competing with colleagues and taking part in company/team 

challenges 
 

6 (7) 

No preference / liked both phases equally 
 

34 (37) 
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"I think the Fitbit raises my awareness to the fact that on certain parts of my 
shift, I don't do very much. I can have days where I'm only doing 4,000 steps, 
4,500 steps."  

(Police inspector, male, age 40+, increased activity and reduced sedentary 
time from baseline to follow-up) 

 

"I was more conscious that I wasn’t exercising, when I wasn’t.  When I had 
exercised, I would always check the Fitbit app and it would be like… you’ve 
done how many steps, exercised 45 minutes today.  The actual Fitbit along 
with the app, would motivate me more than the Bupa one.  I think it makes me 
more conscious of what I'm not doing as well."  

(Police sergeant, female, age 18-39, increased activity and reduced sedentary 
time from baseline to post-intervention and follow-up) 

 

"I always walked the dog before, but if I knew I needed to do 10,000 steps, 
and I was like at eight and a half, I'd just do slightly longer.  If you know you’re 
really close to the 10,000, you'd give it more whereas if you have no idea, 
you'd just stop it when you stopped, wouldn’t you."  

(Police staff, female, age 18-39, increased steps and activity and reduced 
sedentary time from baseline to post-intervention and follow-up) 

 

Goal-setting of behaviours and outcomes, and review of goals, within the Fitbit® and 

Bupa Boost apps, were also important BCTs in the CALO-RE taxonomy, and were 

reported by interviewees to be useful in increasing steps and PA.  Many also used 

action planning.  The importance of small, achievable goals for participants was 

clear. 

"The goal-setting, I think it made me think about what I wanted to do each 
week. I would often look at it and go, "I need to run one more time this week."  

(Police sergeant, female, age 18-39) 

 

"I've definitely got an eye on doing 10,000 steps a day… I'm out doing a bit 
more walking as well, which I wouldn't have thought of previously.  I've 
actually just gone out a couple of nights and just gone for a walk around the 
block, which I wouldn't have done before."  

(Police sergeant, male, age 18-39)  

 

There was evidence that feedback on performance, including reviewing behaviour 

(and outcomes) over the longer term, was also useful.  One interviewee reported 
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being motivated by the visual feedback within the Fitbit® app when achieving goals, 

and also by reviewing past success: 

"I liked that it all went green when you hit your target.  It sounds really silly, but 
it does make you want to do it because you want to hit it to go green, and it 
also - when you hit your 10,000 steps, it says, “Congratulations” or “Wow”.  
It’s just a little message to say well done.  I thought that was good.  I set the 
other targets as well, the amount of miles and the amount of stairs you climb 
or whatever it is. I set all of them basically.  I wanted them all to go green at 
the end of the day was the idea." 

"You can look at how well you've done for the last week, but then you can go 
back a month, three months, a year - we haven't had a year yet - but that's 
quite good to see over a longer time period.  How you have kept it up and how 
your fitness has changed." 

(Police staff, female, age 18-39) 

 

The COM-B model was proposed by Michie and colleagues as a component of the 

‘behaviour change wheel’, a method for characterising and designing behaviour 

change interventions (Michie et al., 2011a).  The COM-B model forms the centre or 

‘hub’ of the wheel and links with intervention functions, which in turn link with policy 

categories, but COM-B may be used on its own to understand behaviour and 

behaviour change.  According to this model (Figure 21), the three main determinants 

of behaviour are motivation, capability and opportunity.  Capability refers to an 

individual’s physical (e.g. skills) and psychological (e.g. knowledge) ability to perform 

a behaviour.  Opportunity refers to external physical and social factors that influence 

behaviour.  Capability and opportunity may directly influence behaviour or may 

increase motivation to carry out the behaviour.  Motivation may be reflective (i.e. 

involve conscious decision-making) or automatic (e.g. habits and impulses).  

Enacting a behaviour may also influence capability, motivation and opportunity 

(Michie et al., 2011a). 
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Figure 21 The COM-B Model (adapted from Michie et al., 2011a) 

 

 

 

 

 

 

 

 

 

Applying this model to the PAW-Force findings, interviewees felt that increased self-

monitoring, awareness and feedback resulted in improvements to their motivation 

and psychological capability.  There was evidence of increased reflective motivation 

for some interviewees, particularly for those who were less active at baseline: 

"The job I was doing before was office-based.  I was really, really aware that 
some days I could only do about 3,000 steps and I wasn't feeling very well 
with it, I was… starting to feel lethargic.  That's when I thought, "Right, I'm 
going to try and make myself do more steps."  The Fitbit itself did actually 
make me more conscious of what I was and wasn't doing.  If I didn't have [the 
Fitbit], I wouldn't have any knowledge of how little I was doing." 

(Police constable, female, age 40+, <10,000 steps/day and ‘moderate activity 
level’ at baseline) 

 

"It really has made me think about my lifestyle, my activity or lack of, being 
conscious of, if I've had a really lazy day, I need to do something.  I'm not 
going to get active sat in an armchair or at my desk."  

(Police staff, female, age 40+, <10,000 steps/day and ‘low activity level’ at 
baseline) 

 

In contrast, there appeared to be a ceiling effect for participants who were more 

active at baseline, and already intrinsically motivated: 

CAPABILITY 

(physical and 

psychological) 

MOTIVATION 

(reflective and 

automatic) 

OPPORTUNITY 

(physical and 

social) 

BEHAVIOUR 
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"I've always done physical activity. So for me, it's been a good recording tool 
but it's not really made me do any more because I do it anyway and I'll 
probably always do it.” 

(PCSO, male, age 40+, <10,000 steps/day and ‘high activity level’ at baseline) 

 

"It probably maintained my activity level.  I didn't wear it to give me a kick up 
the backside to do my exercise because I’m getting told off for doing too 
much!" 

(Police constable, female, age 18-39, >10,000 steps/day and ‘high activity 
level’ at baseline) 

 

Prompts and cues, a further BCT in the CALO-RE taxonomy, were also an important 

influence, particularly in relation to SB.  The ‘reminders to move’ function of the 

Fitbit® that encouraged participants to complete 250 steps every hour was perceived 

as useful by some: 

"I did use the notifications.  That was useful, especially when we had a 
meeting.  I would stand up and walk around quickly and sit back down 
[laughs]."  

(PCSO, female, age 18-39) 

 

"At work, I would just start my shift, blink, and it's the end of my shift and I 
found that I was pretty much just sat behind the desk the whole time.  Now, 
with the buzz facility on your wrist, every hour telling you to get up… It is a 
great reminder because you suddenly think, oh, blimey, it felt like two minutes 
ago that buzzed, I’d better get moving.  So I'll probably just go for a quick two-
three minute walk."  

(Police inspector, male, age 40+) 

 

For many others, however, prompts and cues were seen as insufficient to 

significantly reduce sedentary time in the workplace.  This was primarily due to 

perceived pressure of work and organisational culture, which officers and staff did 

not feel permitted regular breaks in sedentary time during the working day.  This 

illustrates the importance of context in influencing behaviour (see Chapter 4), and 

the need for opportunity (both physical and social), the third main component of the 

COM-B model: 
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"Unfortunately with the office role, at least, we don’t have the ability to do the 
movement it requires every hour.  It’s pretty hard to fit in when I’m actually in 
the office, so I just turned it off."  

(Police staff / special constable, male, age 18-39) 

 

"I don't really have a choice.  If I'm sat at a computer, working at a computer, I 
don't feel that I've got the ability to say... I guess, I do have the ability to say 
I'm going to leave this now and do something else.  But that something else 
wouldn't necessarily be walking, it would be driving to another police station."  

(Police inspector, male, age 40+) 

 

"Well, because of the job I've got, it's quite difficult to-, if I said to my 
supervisor, "My Fitbit tells me I've got to get up and do 250 paces”, I don't 
know how well that would go down."  

(Police staff, female, age 40+) 

 

It was generally perceived as more feasible to reduce sedentary time outside of work 

rather than within the workplace: 

"I tried, but that wasn’t particularly easy at work... it's quite difficult in my job.  
Because if it's busy, you can't just get up.  Outside of work, it was easier.  
You’re just sat on the sofa watching telly, and it reminds you to move, and you 
just get up and make a cup of tea or just walk around a bit, and then sit down 
again [laughs].  In work it’s not always that easy."  

(Police staff, female, age 18-39) 

 

Despite these issues, some participants made small changes to reduce sedentary 

time in the workplace, such as walks during lunch breaks and taking the stairs 

instead of the lift: 

"I used to just go downstairs with some food in my lunch break, but I have 
started now going into the town on work breaks as well.  I’ve had a walk with 
some colleagues; there’s a few of us that have started doing it.  Just me and 
my colleagues in my staff job, we go out for a walk just to get out of the 
office."  

(Police staff / special constable, male, age 18-39) 
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"When I've got it [the Fitbit] on, I'm very conscious of how I'm walking.  I have 
been trying to take the stairs rather than the lift even though we’re on the 
fourth floor." 

(Police staff, female, age 40+) 

 

Rewards for progress towards or achieving the desired behaviours were two 

additional BCTs included in the intervention.  Several participants did not feel 

motivated by the virtual rewards (i.e. wellness points and badges) in the Fitbit® and 

Bupa Boost apps; these were generally perceived as less useful by those who were 

more active at baseline.  This may be explained in terms of motivation; the additional 

extrinsic motivation did not have an impact on officers and staff who were already 

intrinsically motivated to be physically active.  This is illustrated in the following quote 

by a sergeant with a ‘high activity level’ (according to the IPAQ) at baseline: 

"When I've logged in to it [Bupa Boost app], it's all these little flashy awards 
start coming at you.  I think that if you haven't got a history of exercise, it 
might give you a boost.  You might think, "Oh, yes, I've achieved this." But 
that's not for me, really. I don't need lots of flashy stuff."  

(Police sergeant, male, age 18-39) 

 

Participants perceived that rewards should be fair and for meaningful achievements, 

in order to have an impact on their motivation.  They also valued transparency in 

how points and rewards were calculated: 

“You can earn badges for having so many friends and bits and pieces on 
there; I haven't really bothered with those ones so much.  It's more the fitness-
driven badges that interest me.”  

(Police constable, male, age 18-39)  

 

"I think challenges for people to drink more water and maybe, do the steps or 
maybe, sleep better, I think they're all good.  Just points for points' sake is... it 
can make a mockery of the trying to be well and wellness.”  

(Police inspector, male, age 40+) 

 

"I genuinely don't know how it [Bupa Boost app] works in its points… it doesn’t 
explain it anywhere within the app how it generates points and why it deducts 
points.  That still niggles me to this day because there’s some people who will 
do things just to earn wellness points… not by doing physical activities but 
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having a long list of achievements through the day… They just press the 
button for the sake of it so there’ll be people that eat cheese and they’ll say 
they fell asleep before ten o’clock and yet they pressed the button at five 
o’clock in the afternoon!  There’s a bit of that.  It’s almost like they’re cheating 
in a way.  I do find that quite frustrating, that people can get a lot more points 
and jump ahead of you actually when they don't do any activity or any 
exercise.” 

(Police constable, male, age 18-39) 

 

One interviewee even perceived meaningless rewards within Bupa Boost to be 

detrimental to motivation: 

"The levels, every time I went onto the Bupa app, it’d say, "Congratulations, 
you’ve moved up to level four”, and I’m like, ‘Well, I haven’t done any 
exercise; I’ve not done anything to achieve that level.’  I didn’t understand the 
standards.  It didn’t mean anything, because you hadn’t done anything to 
achieve it.  That motivation was gone."  

(Police sergeant, female, age 18-39) 

 

While graded tasks and shaping were included to some extent in the intervention 

(e.g. graded rewards for greater achievements over time), one interviewee 

suggested this function could be more automated within the Fitbit® and Bupa Boost: 

"I suppose the only thing I've set is 10,000 steps, that's my goal. I think if that 
was upped, so, say, if you're regularly hitting that target, we are going to up 
you to 12,000, I think that would be a target because people like targets, and 
then I'd probably go to the 12,000."  

(Police sergeant, male, age 18-39) 

 

General information on consequences of behaviour was the only BCT in the CALO-

RE taxonomy that was present in the Bupa Boost app but not the Fitbit® (see 

Chapter 3).  As noted previously, this feature (i.e. the Bupa library and self-help 

information) was accessed by only a small percentage of participants and was not 

mentioned by interviewees. 

Although the ‘individual’ intervention components were preferred by the majority of 

participants, a small minority (7%, 6/91) preferred the social components and 37% 

(34/91) liked the individual and social phases equally (see Table 62).  The interviews 

revealed considerable differences between participants, which appeared to be due to 
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personal preferences rather than associated with any identifiable characteristics 

such as occupation or baseline activity level: 

"I am not into the social aspect of it.  It suits certain people... it certainly 
doesn’t really suit me that much." 

(Police constable, male, age 40+) 

 

"I'd say [I prefer] the social stuff.  It's okay to set yourself goals, but it's like 
you don't necessarily have that motivation unless you're one of these 
individuals that are fortunate to have that.  It’s fine to have aspirations to 
complete the goals, but if you're doing it as a group or you're competing 
against other people, I find… with me it motivates me more anyway."  

(Police constable, male, age 18-39) 

 

On the whole, the quantitative findings in relation to preferred phase supported this 

observation.  For example, Chi-squared tests revealed no significant differences in 

preference according to age group (18-39 vs. 40+ years; χ2 
(2) = 1.53, p = 0.465), 

mean daily steps at baseline (<10,000 vs. ≥10,000 steps/day; χ2 
(2) = 1.58, p = 

0.454), occupation (police officers vs. police staff vs. PCSOs and special constables; 

χ2 
(4) = 3.31, p = 0.507) or education (secondary school vs. professional, technical or 

university; χ2 
(2) = 3.86, p = 0.145).  There was some suggestion of gender 

differences; the observation that females were more likely than males to prefer the 

individual phase, and less likely to prefer the social phase, neared significance (male 

vs. female; χ2 
(2) = 5.39, p = 0.068).  However, no gender differences were apparent 

from the interviews. 

Participants were encouraged to link up with their colleagues to use the social 

components within the Bupa Boost app.  These included social support, social 

comparison and competitions.  The social support features focused on ‘likes’ and in-

app messages of encouragement; these incorporated the BCTs of information about 

others’ approval and planning social support / social change: 

"There's a couple of people, I know them through work and I will send them 
messages and bits and pieces on the Bupa Boost, you can do the likes and all 
that stuff."  

(Police constable, male, age 18-39) 
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The social support features were only used by a small percentage of participants 

(see Table 57), but there was evidence that social support and social opportunities 

for being physically active had increased ‘offline’ as well as ‘online’.  Examples 

include the aforementioned group walks at lunchtime and “improved camaraderie” in 

the workplace that was reported by interviewees. 

Social comparison and competitions included the social feed, competing against 

colleagues individually while viewing progress on a virtual leader board, and taking 

part in team/company challenges.  These incorporated a further two BCTs in the 

CALO-RE taxonomy (provide normative information about others’ behaviour and 

facilitate social comparison).  The participants that used these features perceived 

them as having a positive impact on their level of motivation and consequently PA, 

and several talked about social comparison and competition appealing to their 

competitive nature: 

"I think future-wise, a lot of people in my organisation would probably be 
motivated by challenges.  I think that would be a big factor in improving 
people's fitness, where we could clearly see others… If my phone was 
flashing up saying, "So-and-so has just been for a run", that would motivate 
me, because that's the way I work."  

(Police sergeant, female, age 18-39) 

 

"It's that tracking with other people.  I quite like on the Bupa Boost app, you 
can challenge other people, you can set the challenge.  I just press the button 
and include everybody, so there's about 400 people involved.  Not everybody 
takes you up on it of course.  I've set one up which we're halfway through at 
the moment, which is like a 30-day bike ride to see who can do the most 
kilometres in 30 days essentially.  I'm constantly on that.  I'm in second place 
at the moment.  The guy that's ahead of me has got 50 kilometres on top of 
me.  This morning now, I was thinking I really can't be bothered to get out my 
bike, I'm quite tired.  Then I thought I need to get my kilometres up so I've got 
a chance of beating this guy.  It's really motivational in that sense."  

(Police constable, male, age 18-39) 

 

"I liked the bit where you joined in with others... a bit of healthy competition!  
For each section... how many miles they could do in a week, and then we did 
that for a few weeks.  That was a good motivator."  

(Police staff, female, age 18-39) 
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"That's my nature.  I'm very competitive.  When I'm at work, I get very 
competitive [laughs].  When it came to the competing against each other... 
there was that stage where I pushed myself."  

(PCSO, female, age 18-39) 

 

Social accountability was one mechanism for increasing motivation: 

"You know that your mates are watching you… you do something just so that 
people can see that you're doing activities and stuff."  

(Police constable, male, age 18-39) 

 

The interviews revealed some important considerations regarding the social 

intervention components.  While there were no differences in preferred phase 

according to age or baseline activity level (see above), several participants 

expressed that they wished to compare and compete with colleagues of a similar 

age and activity level.  For example: 

"I think a lot of them that do the fitness stuff, they're lot younger than me and 
are probably a lot more competitive.  It's probably a bit of an age thing.  I 
couldn't really be bothered with competing with somebody who's 25, who's 
done 30,000 steps and you know, who thinks it’s really exciting.  It just doesn't 
do anything for me."  

(Police constable, female, age 40+) 

 

"I have a couple of friends on the app but they're either a lot less active than 
me or a lot more active than me… If I had a friend that was at a similar level to 
me and there was that little bit of, not competition necessarily but a little bit of 
shared support or, “Have you done your steps today? Do you want to go for a 
walk?” or whatever, that would be nice.  I don't really have that."  

(Police staff, female, age 18-39) 

 

This would help to overcome the interpersonal barrier of perceived social pressure 

(see Chapter 4).  Some preferred team competitions to individual competitions, as 

they felt this reduced such pressure: 

"It was more when there was a team that's going to work together, that was 
the good thing.  It's a little bit less pressure isn't it?" 

(Police staff, female, age 18-39) 
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Other suggested improvements for the social components included ensuring team 

challenges were fair, with equal numbers of team members (“some teams have got 

massively more staff than others”), and easier communication within the Bupa Boost 

app: 

“It took me quite a while to realise where it was when people would send me 
messages… I think the social phase could be a bit more fun if something like 
messaging and some form of blog was there.  I think if you could almost have 
like a WhatsApp chat group among the people in your group.  I think if you 
could communicate within the app a little bit easier it might be a little bit more 
social."  

(Police inspector, male, age 40+) 

 

Concerns regarding privacy and sharing of information with colleagues were also 

mentioned: 

"I got a couple of requests off people.  A couple who I worked with, but I didn't 
feel comfortable not knowing too much about it to start challenging other 
people, and a few people from Devon and Cornwall who requested as well, 
but I didn't know them so I just felt a bit uncomfortable with that." 

(Police sergeant, male, age 40+)  

 

6.4.2 Long-term behaviour change 

Supporting the quantitative findings, the follow-up interviews provided evidence of 

longer-term behaviour change.  Automatic motivation and habit formation were 

evident in terms of both wearing the Fitbit® and increasing PA: 

"I see no reason why I would not wear it [the Fitbit].  It's just a bit of a habit 
now to always check and see how much I've slept and I like to know what my 
heart rate is when I'm out running and so on."  

(Police constable, male, age 18-39) 

 

"With walking, I wouldn't tend to go out walking but now I find myself after an 
hour just getting out and going for a walk around and checking my steps quite 
a lot so I still do it."  

(Police sergeant, male, age 18-39) 
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After using the technology for eight months, some participants had adopted new 

behaviours to increase their PA level, such as joining a walking group or finding a 

personal trainer.  This was mainly seen in those with a low baseline activity level.  

Others had adapted their previous activities, for example to replace habitual walks 

with runs: 

"When I take the dog for a walk now... I bought a running belt, with my dog.  I 
run with the dog which makes me run more, because he's got to be walked 
anyway.  I'm doing quite a lot of longer dog walks than I perhaps did before."  

(Police sergeant, female, age 18-39) 

 

For some participants, there was evidence of improved reflective motivation through 

increased confidence and self-efficacy (i.e. belief in one’s ability to perform a 

behaviour).  For example, one police sergeant felt that achieving goals improved his 

confidence over the longer term: 

"Because of the goals that I've achieved since I've worn it [the Fitbit], I do feel 
more confident."  

(Police sergeant, male, age 18-39) 

 

Some interviewees reported increased reflective motivation and changes in mind set 

that were sustained over the longer term: 

"It's just made me more mindful of it.  It's so easy when you're-, particularly in 
policing, when there are days when you feel like you're on a treadmill.  When 
you just go to work, you're working flat out, you come home tired, all you want 
to do is have tea and go to bed.  Had I not had this, that was probably my 
lifestyle before and, had I not had this, I'd probably be still doing that, to be 
honest.  Whereas now, it's a case of, right, get home from work, I'm going to 
force myself to go out with the dogs for a walk for an hour just to get the steps 
up.  Or I need to go out and go for a half an hour run or something like that.  
It’s that motivator.  It's just become normality now, I think."  

(Police inspector, male, age 40+) 

 

"It made me more aware of what I wasn't doing.  It certainly had an impact on 
me from that point of view because I personally was getting into a bit of a rut 
with eating and not doing any physical exercise.  For me, once I get into that 
stage, I tend to ignore it and hope it will go away.  So when we got the Fitbits 
and started using them, it was a daily reminder of, look what you haven't 



263 
 

done.  It certainly helped in getting me motivated and getting back into being 
fit again.  I've got back into that mind set now."  

(Police sergeant, female, age 18-39) 

 

For a small number of participants, there was evidence of declining engagement with 

the intervention over time, and initial increases in PA were not sustained.  This 

appeared to be primarily experienced by those who were highly active at baseline 

and therefore did not feel that they needed continued extrinsic motivation from the 

activity monitor and app: 

"I think when I started it I went out and tried it to see how far I could get.  But 
as the project continued I probably went back to my normal exercise routine.  
In my case I don't think I've improved that much.  Probably when I first got it I 
would say I tried to exceed what I was doing."  

(PCSO, male, age 40+, <10,000 steps/day and ‘high activity level’ at baseline) 

 

In contrast, participants who were less active at baseline appeared to show higher 

sustained engagement and PA in the longer term: 

"I would say it's had a really positive impact on me.  Funnily enough, just in 
preparation for this call, I had a look back right to the very start, last year, at 
my average step count and my average sleep.  I think my average step count 
was around 40,000 a week, something like that, and it's up at around 55-
60,000 consistently now, which is a big improvement.  It's just got me focused 
on every step counts." 

(Police inspector, male, age 40+, <10,000 steps/day and ‘moderate activity 
level’ at baseline) 

 

The perceived impact of the intervention on sedentary time was fairly consistent 

throughout the study.  Where there were initially perceived contextual barriers, or 

lack of opportunities for breaks in the workplace, these remained unchanged in later 

interviews.  Consequently for some individuals, engagement with the reminders to 

move function declined over the longer term.  They spoke about using this function 

initially but it later became ‘irritating’ or ‘annoying’ so they switched it off.  For 

example: 

"I did use it [reminders to move] initially but then I switched it off… Especially 
for the police, we’ll do an activity and then you'll spend a long time doing 
paperwork.  So you're sat down and your watch is buzzing and you can’t get 
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up to move... I did switch it off at times because it became sort of an 
annoyance if you like.  If you're having to do something you don't get that 
chance to get that break, because it's got to be done there and then."  

(PCSO, male, age 40+) 

 

6.4.3 Summary table of mechanisms of change 

Table 63 summarises the key COM-B components and associated mechanisms of 

change that were identified in this section.  The long-term behaviour change 

mechanisms are highlighted in bold. 

 

Table 63 Summary of COM-B concepts and associated behaviour change mechanisms 
evidenced in the PAW-Force intervention 

COM-B 
concept 

Part of 
intervention? 

Examples of associated behaviour change 
mechanisms / intervention components 

Physical 
capability 

No  
 

Psychological 
capability 

Yes Self-monitoring, awareness and feedback 
(behaviours and outcomes) 
Goal-setting and action planning 
Self-regulation 

Reflective 
motivation 

Yes Change in mind set regarding PA (long-term) 
Improved self-efficacy (long-term) 

Automatic 
motivation 

Yes Prompts and cues, i.e. reminders to move 
Virtual rewards (wellness points and badges) 
Habit formation (long-term, including Fitbit wear 
and PA routines) 

Physical 
opportunity 

No  
 

Social 
opportunity 

Yes Social support (‘likes’ and in-app messaging) 
Social comparison and competitions (social feed, 
leader board and individual/team challenges)  
‘Offline’ activities – e.g. lunchtime group walks 

 

6.5  Perceived wider impact 

Although the quantitative findings (reported in Chapter 5) suggested that there were 

no significant changes in health and wellbeing outcomes throughout the study (with 

the exception of mental health-related quality of life at 8 months), the majority of 

those interviewed reported that they perceived wider benefits of using the 

intervention and/or increasing their PA level.  These matched participants’ initial 

expectations of the intervention (see section 6.2).  As detailed in section 6.3.1, 
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many participants used the Fitbit® and/or the Bupa Boost app to manage their 

nutrition, mindfulness and relaxation.  Interviewees reported that the intervention had 

a positive impact on these behaviours in the short (week 12) and longer term (month 

8).  For example, some used relaxation techniques in the Fitbit®, and/or set 

‘mindfulness’ goals within Bupa Boost:  

"I quite like the relaxation thing, which does make me slow down for a couple 
of minutes if nothing else.  I've been trying to do mindfulness.  The relaxation 
button, it does try to encourage you when to breathe and how to do it, so I 
think that's also been a help." 

(Police constable, female, age 40+) 

 

This offers one potential explanation for the observed significant improvement in 

mental health-related quality of life in the longer term, which was independent of 

increased PA. 

Weight loss was a commonly reported outcome (particularly over the longer term), 

which was perceived as a consequence of both increased PA and goal-setting and 

self-monitoring of nutrition and weight within the Fitbit® and/or the Bupa Boost app.   

"I've lost weight and that was one of my targets at the start.  Well, from the 
first of January, I've lost 10 kilograms in about 12 and a half weeks." 

(Police sergeant, male, age 18-39) 

 

Several interviewees reported that the Fitbit® led to greater awareness of poor 

quality sleep (which they attributed to stress and shift work) throughout the study.  

Most perceived that their sleep had improved at the 8-month follow-up as a result of 

self-monitoring, and for some this highlighted the link between increased PA and 

improved sleep: 

"The sleep count… that's a good reminder of your quality of sleep, how much 
sleep you're getting, and it's taught me that I have to get up at a certain time, so I 
can't influence how long I sleep in.  What I can influence is what time I go to bed 
and that's got earlier as well as a result of the Fitbit and Bupa Boost." 

(Police inspector, male, age 40+) 
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“Just monitoring the sleep patterns is quite interesting as well.  I've noticed that if 
I ever work out later on in the evening, I sleep better.  So that's something that 
the Fitbit app told me." 

(Police sergeant, male, age 18-39) 

 

"I liked that it tracked how much I slept… probably, the more exercise I did, the 

better I slept.  I think that was noticeable.” 

(Police staff, female, age 18-39) 

 

For a small number however, monitoring sleep had negative consequences, leading 

to increased anxiety (see section 6.6). 

Other perceived wider benefits as a result of increased PA were feeling fitter 

(including reduced resting heart rate), feeling healthier and having more energy, 

improved mood, and feeling less stressed.  In the follow-up interviews, participants 

reemphasised the perceived links between PA, sedentary time and physical and 

mental health (as discussed in Chapter 4), and reported that self-monitoring using 

the intervention had increased their awareness of these relationships. 

Several interviewees reported feeling less stressed as a result of increased PA in 

both the short and longer term.  For example: 

"I do probably feel healthier.  It's hard to monitor your stress levels but I 
definitely feel healthier and I think that's probably reduced stress that I might 
have had." 

(Police sergeant, male, age 18-39) 

 

For those who felt able to take them, breaks in sedentary time were associated with 

reduced stress levels as well as feeling more energetic: 

"I'll probably just go for a quick two to three minute walk.  It's enough just to be 
able to disengage from all the stress and grief that we’re dealing with.” 

(Police inspector, male, age 40+) 
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"It [the Fitbit] gets you out of the office and you can go for a little walk around 
and get some fresh air.  I think when you get home from work, then you feel 
just a bit more energetic... I probably just felt more energetic, a bit more 
energy." 

(Police sergeant, male, age 18-39) 

 

This appeared to contrast with the lack of a significant change in overall perceived 

stress according to the quantitative data.  However, as discussed in section 6.4, 

many interviewees experienced a lack of opportunity (or perceived opportunity) to 

take breaks in the workplace.  It is possible that for the majority, the main impact on 

stress levels was observed outside of the workplace, which might not have been 

sufficient to improve the overall Perceived Stress Scale (PSS-4) score.  This is 

expressed by the following interviewees: 

"I do quite a stressful job anyway.  I'm not sure if the Fitbit has made any 
difference to that.  But in my free time, it probably does." 

(Police staff, female, age 18-39) 

 

"I’ve noticed no difference [in stress] at work.  No, since you're so tied.  If it 
was-, breaks were different and it wasn't so regimented, maybe that would be 
different." 

(Police staff, female, age 40+) 

 

Some interviewees reported improved morale and a sense of camaraderie amongst 

their colleagues which resulted from the social aspects of the intervention (e.g. social 

support and competitions).  This offers another potential explanation for the 

improved mental health-related quality of life that was evidenced at the 8-month 

follow-up.  For example: 

“I feel there are benefits to having them [Fitbits]... that camaraderie and 
competitiveness between the team, to outstep each other, do that actual run, 
or do that extra time of physical activity.  I think it's all useful and increases 
morale." 

(Police constable, male, age 18-39) 

 

Provoking discussion around PA and learning more about colleagues were also 

mentioned as positive social outcomes of the intervention: 
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"I think it's good that the Fitbit prompts debate and discussion around steps 
and activity.  It definitely raises awareness by virtue of the fact that we're 
talking about it a lot more."  

(Police inspector, male, age 40+) 

 

"It's a surprise when you look at some individuals and think, ‘Oh really!’... You 
start to learn more about others, a bit more than you have."  

(PCSO, female, age 18-39) 

 

No interviewees experienced a noticeable impact on productivity as a result of using 

the intervention.  This is in line with the quantitative findings, where there were no 

significant associations between PA, sedentary time and Health and Work 

Performance Questionnaire (HPQ) scores.  However, some reported experiencing 

improved mood and resilience in the workplace: 

"Just by being more physically active you're just able to deal with things with a 
smile… whereas before it was probably with a grimace! [laughs]  That's just a 
general effect of being more physically active.  Yes, that's certainly 
noticeable." 

(Police inspector, male, age 40+) 

 

6.6 Adverse events and unintended consequences  

A consideration of unexpected mechanisms of action and consequences is an 

important part of process evaluation of complex interventions (Moore et al., 2014).  

Despite this, few studies have explored the potential negative impacts of mHealth 

technology.  These are included in this section. 

Adverse physical and psychological effects of the intervention were reported by a 

small number of participants.  Some experienced adverse reactions to wearing the 

Fitbit® activity monitor; five participants (approximately 3%) reported skin irritation, 

eczema, sores or swelling to the wrist.  As a result, two of these participants stopped 

wearing the device before the end of the study, and one withdrew after six weeks. 

The negative psychological impact of activity tracking was explored in the follow-up 

interviews.  Although most interviewees did not perceive any negative impact, some 

reported feeling guilty when they did not meet their PA goals, and frustration or 
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despondence when the Fitbit® prompted them to move from their desk or a meeting 

but they felt unable to do this due to external factors such as perceived 

organisational culture and pressure of work.  For example: 

“I can see a point of negative because if you don’t do it [meet your goal], you’ll 
feel a bit like, ‘Oh, I didn’t do it that day.’” 

(Police staff, female, age 18-39) 

 

“It made me feel bad because I know I’m lazy and I know I should do more.” 

(Police constable, female, age 40+) 

 

“During work time it seems hard… well, it’s quite depressing when I look at it 
because I’ve got such a sedentary job... I’m not moving and I don’t have the 
opportunity to be moving around.” 

(Police staff, female, age 40+) 

 

Another potential negative consequence is anxiety associated with heightened 

awareness of activity levels, heart rate and sleep, that may result for a small number 

of individuals.  Two participants withdrew from the study for reasons of anxiety 

surrounding PA, heart rate and sleep.  Three interviewees showed increased anxiety 

and cognitive rumination as a result of this heightened awareness of poor sleep: 

“It makes you a bit more paranoid because you monitor your sleep, don’t you?  
How many hours did I get to sleep last night?  Then you see that you only had 
four hours or three hours or something like that.” 

(Police constable, male, age 18-39) 

 

"If anything, it's made me a little bit frustrated about a couple of things.  My 
average sleep is something like three and a half hours.  It's made me realise 
that my sleep is absolutely shocking.  I can have days where I've not slept 
more than an hour and a half for maybe five days.  I worry a little bit more 
about my shifts and my health from my shift working.” 

(Police inspector, male, age 40+) 

 

"The trouble is you could look at it and then you get overly anxious about how 
bad your sleep is.  And then that actually can have quite a negative effect 
because then you're thinking, ‘Oh, God, I'm not going to get much sleep 
tonight.’  Or you look at it and go, ‘Oh, I haven't got much sleep, so therefore, I 
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feel tired.’  I think fitness watches are great, but sometimes it can have quite, I 
think, a negative impact when you look at your results because you're 
overthinking it.” 

(Police constable, female, age 18-39) 

 

6.7 Summary / Discussion 

This section includes a summary and discussion of the key findings from this 

chapter, including previous experiences and expectations of mHealth and fitness 

technology, findings related to engagement, usability and usefulness, perceived 

impact of the intervention on PA, sedentary time and health and wellbeing, and the 

potential negative impact.  Comparisons with existing studies are incorporated and 

the main contributions to knowledge are highlighted. 

Prior experience and reasons for using mHealth technology have been shown to 

influence engagement and experiences of technology use (Carter et al., 2018).  

However, few studies of mHealth interventions have qualitatively assessed 

participants’ expectations of the intervention prior to delivery.  A strength of this study 

was to explore participants’ previous experiences and expectations using both 

quantitative and qualitative data.  

At baseline, participants had various levels of familiarity and previous experiences of 

mHealth and fitness technology.  Reasons for participation were diverse, but typically 

focused on a desire to increase PA, reduce sedentary time and improve health and 

wellbeing.  Participants were keen to use the Fitbit® activity monitor and Bupa Boost 

app and had high expectations that the technology would work for them.  The 

components that were expected to be impactful were closely related to the BCTs 

identified in the CALO-RE taxonomy (Michie et al., 2011b) (see Chapter 3).  

Although there were individual differences, participants generally expected to be 

motivated by self-monitoring, goal-setting, and social influence (including social 

accountability and support); these are known to be amongst the most common 

behavioural techniques in activity monitors (Lyons et al., 2014) and health apps 

(Edwards et al., 2016).  A small number of individuals expected to encounter 

problems with use of the mHealth intervention, due to a perceived lack of 

technological skills, but all of the participants with pre-intervention concerns reported 

having support from family members.  
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It appeared that prior to the intervention, many participants were at the ‘preparation’ 

stage of change according to the Transtheoretical Model (Prochaska and 

DiClemente, 1983), ready and prepared to make changes to their behaviour in the 

near future.  Only a few participants were at the earlier ‘precontemplation’ and 

‘contemplation’ stages.  However, this is a commonly experienced issue in studies 

recruiting volunteers for PA interventions.  High proportions of participants at the 

‘preparation’, ‘action’ and ‘maintenance’ stages have been reported by similar 

mHealth intervention trials (Holmen et al., 2016).  Despite this, a strength of the 

study is the diversity of the sample in terms of the wide range of views on PA and 

levels of motivation at baseline; while some participants were already highly 

intrinsically motivated, others felt they were in need of external motivation which they 

hoped the intervention would provide. 

Overall, the findings showed that the diverse group of police officers and staff who 

were participating in the study expected the intervention to be impactful and 

acceptable in this context.  Expectations were closely matched with actual 

experiences; these will now be discussed. 

Relatively little is known about longer-term engagement with mHealth technology, 

and previous studies have been characterised by declining engagement over time 

(Afshin et al., 2016).  A need for mixed methods studies, including qualitative 

interviews and reports of subjective user experiences, to measure effective 

engagement, has been recognised (Yardley et al., 2016).  In response, this study 

contributed to filling the gaps in our understanding of engagement with mHealth 

interventions in the long term.  Various aspects of engagement and acceptability 

were explored, with the use of qualitative interview data to complement the 

quantitative survey findings and to enable a deeper understanding of these issues, in 

both the short and longer term. 

Engagement with the PAW-Force intervention overall was high.  For example, 97% 

of survey respondents reported wearing the Fitbit® at 12 weeks and 83% at 8 

months.  This compares favourably with existing studies in this field, where 

percentages of participants still wearing a wearable device at the end of the study 

have been reported to range from approximately 50% to 75% (Simblett et al., 2018).  

Usage time for the Fitbit® was also consistently high in the short and longer term.  
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This higher than typical engagement level may be partially due to the high expected 

levels of compliance with device wear in the policing occupation, although there are 

no similar studies in this group for comparison.  Engagement with the Bupa Boost 

app was comparatively lower and declined more rapidly over time, with only 27% of 

survey respondents still using the app after 8 months.  Survey and interview data 

revealed that this was mainly due to lower perceived usability and usefulness of 

Bupa Boost.  These findings support the Technology Acceptance Model (Davis, 

1989, Holden and Karsh, 2010), which proposes that perceived ease of use and 

perceived usefulness are the principal determinants of acceptance and use of a new 

technology.  The findings reported here indicate that this model is still relevant and 

that its principles apply to new mHealth technologies.  A recent systematic review 

also reported that usability issues were the most common reason for dropout in 

studies of mHealth interventions (Simblett et al., 2018). 

Participants’ views on positive and negative aspects of the Fitbit® and Bupa Boost 

app were captured, together with suggested improvements for usability and 

usefulness.  Some of these were general; for example, participants suggested a 

need for waterproofing of the Fitbit®, and an improved user interface and more 

automated tracking within Bupa Boost.  A need for a more comprehensive user 

guide and greater technical support for the Bupa Boost app was expressed, 

particularly by those with lower self-perceived technological skills.  Human support 

has been shown to increase both use and efficacy of digital health interventions 

(Patrick et al., 2016, Afshin et al., 2016).  Some novel findings that may be of 

particular relevance to the police force also arose; for example, the colour, size and 

durability of the Fitbit® meant it was practical to wear with the police uniform.  On the 

other hand, the Fitbit® may be less useful for officers (or staff) who work night shifts 

as the current cut-off point for measuring daily steps is midnight, which may not suit 

those with unconventional work routines.  This demonstrates the importance of 

considering setting or context in mHealth interventions, and suggests the potential 

for tailoring for certain groups, such as the police and shift workers. 

All of those interviewed felt that the Fitbit® had met or exceeded their expectations.  

At the end of the study, several interviewees commented that they were either 

planning to buy a newer model of Fitbit® for themselves, or that they had 

recommended the device to friends, family or colleagues.  This adds to the evidence 
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for high perceived acceptability of the wearable activity monitor component of the 

intervention.  In contrast, participants generally perceived that the Bupa Boost app 

was more difficult to use, and some questioned its usefulness, referring to the 

duplication in function of the Fitbit® and Bupa Boost apps.  This is perhaps 

unsurprising given that the Bupa Boost app only contained one BCT (provision of 

information on consequences of behaviour in general) that could not be accessed in 

the Fitbit® or its associated app.  However, participants recognised some advantages 

of using Bupa Boost including more flexible and personalised goal-setting and its 

applicability to a wider range of health behaviours (i.e. nutrition, relaxation and 

mindfulness). 

A qualitative exploration of the reasons for disengagement with the PAW-Force 

intervention confirmed and extended previous study findings in relation to mHealth 

technology.  The findings closely matched the key factors influencing engagement 

with mHealth technology that were recognised in a recent systematic review and 

content analysis – usability, perceived usefulness (utility/value), convenience and 

accessibility, health status, and motivation (Simblett et al., 2018).  All of these factors 

were clearly evidenced in the interviews.  The novel contribution of the present study 

was considering changes over time, and which factors may moderate both initial and 

longer-term engagement.  For example, while health status was a consistent 

influencer throughout the study, usability and usefulness issues increased over time 

(particularly for the Bupa Boost app), and motivation declined over time (again 

particularly for Bupa Boost).  The nature of convenience and accessibility issues 

changed in the longer term; at first external circumstances (such as time and annual 

leave) were more important, and later participants considered whether the 

technology would fit in with their lifestyle and preferences and adapted its use 

accordingly.   

Other studies have suggested individual and socio-demographic differences in levels 

of engagement, including differences by age (Patel et al., 2017), ethnicity (Widmer et 

al., 2016), gender, education, and income (Kohl et al., 2013).  While individual 

differences in engagement were not explored in depth in the current study, this has 

clear relevance for the tailoring and personalisation of interventions and is worthy of 

future research. 
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Some participants showed fluctuations in mHealth technology use over time.  This 

should not necessarily be seen negatively in all cases.  This issue is recognised in 

the existing literature as a ‘normal’ part of technology use, in which engagement is 

seen as a dynamic process involving a cycle of engagement, disengagement and 

reengagement (O'Brien and Toms, 2008, Yardley et al., 2016).  ‘Effective 

engagement’, i.e. sufficient engagement to achieve desired outcomes, may be more 

important than continued high use (Yardley et al., 2016).  The present study showed 

that several participants (who appeared to disengage with the intervention) had 

opted to use an alternative mHealth technology ‘tool’ which better suited their needs.  

Others perceived that constant engagement with the intervention was not needed in 

the longer term as it had served its purpose in promoting awareness and motivation 

and changing their mind set.  This is an important contribution to knowledge. 

The study explored the perceived impact of the intervention on PA, sedentary time 

and secondary health and wellbeing outcomes, including mechanisms of behaviour 

change.  The interviews provided support for, and helped to explain, the quantitative 

findings which suggested a positive impact of the intervention on PA, particularly for 

those who were less active at baseline.  The interviews also elucidated the reasons 

for lack of an observed impact on sedentary time.  The CALO-RE taxonomy (Michie 

et al., 2011b), concepts of intrinsic and extrinsic motivation, and the COM-B model 

(Michie et al., 2011a) were used to interpret the interview findings and enable 

understanding of the mechanisms of behaviour change.  The COM-B model was 

selected for its logical and simple structure and clear concepts that were able to be 

identified through the interview data.  The recognition of contextual and external 

influences on behaviour (i.e. opportunity) is a particular strength of the COM-B 

model, unlike many early psychological theories and models (such as the Health 

Belief Model - Janz and Becker, 1984) which limited the focus on behavioural 

determinants to the individual.  The important influence of context on PA and SB in 

the police force was recognised in Chapter 4.  Furthermore, the model had wide 

applicability as it had been successfully used in the development and evaluation of 

health interventions (including eHealth and mHealth) in different clinical and 

occupational populations (Handley et al., 2016, Keyworth et al., 2017, Herber et al., 

2018).  
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In terms of the three core components of the COM-B model (capability, opportunity 

and motivation), the intervention seemed to have a large impact on motivation, and 

some impact on capability and opportunity.  Both reflective and automatic motivation 

were enhanced by the intervention, mainly for those who were less active at 

baseline.  In contrast, there appeared to be a ceiling effect for participants who were 

already highly intrinsically motivated, and who consequently maintained rather than 

increased their PA levels.  The qualitative comparison of individuals with different 

levels of motivation was a unique contribution of this study.  The intervention 

appeared to enhance psychological capability (with most pronounced effects for the 

less active participants) through mechanisms including goal-setting, self-monitoring, 

awareness, feedback and self-regulation.  The intervention did not target physical 

capability to be more active (for example with skills training).  Social opportunities to 

be physically active were provided by the intervention, both online (through 

mechanisms including in-app social support, social comparison and competition) and 

offline (for example, the intervention led some participants to initiate group walks 

during lunch breaks).  However, the interviews highlighted the importance of context 

(see Chapter 4) and the need for additional opportunities to reduce sedentary time 

in the workplace.  Perceived pressure of work and organisational culture appeared to 

be the most prominent barriers to reducing sedentary time; these issues are 

common amongst desk-based workers (Cole et al., 2015).  Although some 

participants found the ‘reminders to move’ prompts delivered by the Fitbit® helpful, 

many did not feel they were able to leave their desks to take breaks.  This shows the 

importance of providing physical opportunities and of challenging perceived social 

norms.  Different strategies may be needed for PA and SB; an ecological approach 

that targets contextual and external factors has been recommended for interventions 

that aim to reduce SB (Owen et al., 2011, Spence et al., 2016).  The inclusion of 

environmental restructuring may be an effective strategy for reducing sedentary time 

(Gardner et al., 2016). 

Quantitative and qualitative data provided important insights into acceptability of the 

various intervention components.  The majority of participants (56%) preferred the 

‘individual’ to the ‘social’ features, with only 7% of participants preferring the social 

phase of the study.  This is an interesting finding that aligns with the observed lack of 

an additional impact of the social phase on PA levels (see Chapter 5).  This finding 
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may be context-dependent in the police force, as previous studies have suggested 

that social components of mHealth can enhance engagement and/or behaviour 

change (Hamari and Koivisto, 2015, King et al., 2016).  However, the interviews 

revealed important individual differences in preferences for, and perceived impact of, 

individual versus social components.  This variation seemed to be more associated 

with individual personality differences than any identifiable characteristics such as 

occupation or baseline activity level.  For example, social competitions appealed to 

those with a competitive nature.  There was some suggestion from quantitative data 

that females were more likely than males to prefer the individual phase, and less 

likely to prefer the social phase.  Research from video gaming has suggested similar 

gender differences, for example males tend to prefer competition whereas females 

may show less motivation to play in social situations (Lucas and Sherry, 2004).  

Although the interview findings in the present study did not show any clear gender 

differences, this may require further exploration in future studies.  Nevertheless, such 

individual differences suggest the importance of tailored, personalised mHealth 

interventions.  Personalisation and tailoring has previously been recognised as a key 

theme and such interventions have been recommended by mHealth researchers 

(Carter et al., 2018). 

The perceived acceptability of some specific components, such as rewards and 

social competitions, was variable.  Rewards were generally perceived as more useful 

by those who were less active at baseline and lacking in intrinsic motivation.  

Importantly, participants noted that the rewards system should be transparent and 

clearly calculated, which they felt was lacking in the Bupa Boost app.  The high value 

placed by smartphone users on transparency of reward systems has been previously 

noted (Middelweerd et al., 2015).  The present study additionally suggested that 

rewards should be fair and for meaningful achievements; meaningless rewards did 

not enhance, and in some cases, reduced, motivation.  Participants wished to 

compete against those of a similar age and PA level to themselves, and desired 

easier communication with their colleagues within the Bupa Boost app.  The issue of 

counterproductive competition, whereby competing against those of a much higher 

activity level can reduce motivation, has previously been reported in a qualitative 

evaluation of activity tracker use (Kanstrup et al., 2018).  The PAW-Force study 
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findings reiterate the importance of parity in activity monitor and app-based 

competitions. 

Issues of security and privacy in relation to mHealth interventions for PA have 

previously received little attention in the literature (Carter et al., 2018), although a 

qualitative study of wearable devices in a workplace setting (focus groups with 

professional truck drivers) reported that employees had concerns surrounding 

monitoring of their health and lifestyle data by their employer (Greenfield et al., 

2016).  Privacy concerns were noted in the present study, and extended to sharing 

data with colleagues.  The findings suggested that social competitions with 

colleagues should be optional, or perhaps sharing of information should be limited to 

colleagues within the same section or office.  These factors might have contributed 

to the relatively lower uptake and perceived impact of the social features compared 

with the individual features. 

In line with the quantitative findings, the interviews provided evidence of long-term 

behaviour change, i.e. sustained increases in PA after using the intervention for eight 

months.  The main mechanisms were increased automatic motivation or habit 

formation (Fitbit® wear and increased PA), and increased reflective motivation 

through improved confidence, self-efficacy, and sustained changes in mind set 

relating to PA.  Generally, the participants that were less active at baseline perceived 

the highest usefulness of the intervention over the longer term.  They also showed 

greater sustained engagement and PA levels at follow-up; this has been reported in 

earlier eHealth studies.  For example, Robroek and colleagues found that the least 

motivated and least active employees were more likely to sustain participation in an 

internet-delivered workplace health promotion programme (Robroek et al., 2012).  

These are promising findings for future interventions. 

While the intervention was highly acceptable overall, particularly for the less active 

participants, there may be room for improvement to the number of BCTs and type of 

motivational strategies included.  This may help to improve both engagement and 

the likelihood of behaviour change in future mHealth interventions.  Although 20 of a 

possible 40 BCTs from the CALO-RE taxonomy were included in the Fitbit® and 

Bupa Boost app (see Chapter 3) and all were used by participants (to a greater or 

lesser extent), there was a desire for more graded tasks and shaping.  Further 
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techniques to promote self-efficacy, such as prompting use of imagery, 

generalisation of target behaviours and motivational interviewing, were not identified 

in the PAW-Force intervention, and have previously been reported as lacking in 

wearable activity monitors (Mercer et al., 2016).  Similarly, BCTs related to detailed 

planning of the behaviour, instruction, modelling, problem solving, anticipated regret 

and fear arousal tend to be infrequent or lacking in common activity trackers (Mercer 

et al., 2016) and were not identified here.  This may have important implications as 

these may be effective techniques to promote PA, with problem solving and 

modelling particularly effective in older adults (French et al., 2014).   

Future interventions should aim to include these BCTs and address the missing 

components of the COM-B model.  For example, future interventions could aim to 

enhance physical capability by including elements such as skills training or 

modelling, either as part of the mHealth tool or as a separate ‘offline’ component.  

Future workplace interventions seeking to reduce SB will need to increase physical 

opportunities and take a more socio-ecological approach, aiming to address barriers 

at multiple levels – individual, interpersonal, organisational and environmental. 

Interviewees perceived a number of wider benefits to their health and wellbeing, 

which matched their initial expectations.  These were partly due to use of additional 

features in the Fitbit® and Bupa Boost app (e.g. managing nutrition, mindfulness and 

relaxation) and partly as a consequence of increased PA.  While the quantitative 

findings (see Chapter 5) showed no significant changes in health, wellbeing, or 

stress (with the exception of an improvement in mental health-related quality of life at 

8-month follow-up), the qualitative findings suggested that there were various 

benefits that would not have been recorded by the assessment tools, such as 

improved fitness, improved sleep, and weight loss.  Although this was beyond the 

scope of the present study, it suggests a need for consideration of other outcomes 

(including physical and physiological outcomes such as weight or Body Mass Index 

(BMI), heart rate and sleep) in future effectiveness trials.  Future trials should further 

investigate the use of mHealth to improve sleep in the police force, or in shift workers 

in general.  While the interviews revealed that some participants experienced 

reduced stress levels as a result of increased PA and breaks in sedentary time, it 

appeared that this was mainly experienced outside of the workplace, which might not 

have been sufficient to produce detectable changes in perceived stress (PSS-4) 
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scores.  This again emphasises the importance of context and external factors in 

influencing PA, sedentary time and stress within the workplace. 

The interviews offered potential explanations for the long-term improvement in 

mental health-related quality of life (which was not associated with changes in PA).  

These included the use of relaxation and mindfulness features within the 

intervention, and/or increased morale and camaraderie in the workplace that resulted 

from social support and competition.  Improved mood and resilience were also 

reported in follow-up interviews.  Some interviewees reported having learned more 

about their colleagues as a result of participating in the study and commented that 

the use of Fitbits® had prompted discussion and awareness of PA in the workplace. 

Consistent with the quantitative findings (see Chapter 5), there were no perceived 

changes in productivity in the short or longer term.  It is possible that any changes 

were small and unnoticed by participants.  Future trials of the impact of mHealth 

interventions should therefore carefully consider how productivity is assessed, 

whether through quantitative or qualitative self-report, objective absenteeism or 

presenteeism measures, or assessments of work performance.  More objective 

measures and/or more sensitive, standardised and valid questionnaires may be 

needed.  There may also be a need for longer follow-up (i.e. greater than 8 months) 

for changes in productivity to become apparent.  

The study findings contribute to knowledge of the impact of digital interventions on 

health and wellbeing outcomes in a workplace setting, a field which is still in its 

infancy (Howarth et al., 2018).  The use of mixed methods is a strength of the 

research; most existing studies have relied on quantitative surveys alone to explore 

the wider impact of digital health interventions (Howarth et al., 2018, Buckingham et 

al., 2019).  Although the interview findings initially appeared to contrast with the 

quantitative results, they clarified the mechanisms through which positive changes to 

health and wellbeing occurred and suggested additional outcomes for exploration in 

future studies. 

A final contribution of this study was to explore the potential negative impacts of 

mHealth technology.  Adverse physical and psychological consequences of using 

the Fitbit® and Bupa Boost app were experienced by a minority of participants.  A 

small number (5/180) experienced localised skin irritation as a result of wearing the 
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Fitbit®, and for three of these this was severe enough to discontinue wear.  This has 

previously been reported in activity monitor interventions (Brakenridge et al., 2016b) 

and is an issue that should be taken into account by developers and manufacturers 

of wearable activity monitors.   

The negative psychological impact of activity tracking has received limited attention 

in the literature, although awareness of this issue is increasing.  Some of the study 

participants reported feelings of failure and guilt when they did not meet their PA 

goals.  Others experienced anxiety associated with heightened awareness of their 

activity level, heart rate and sleep, which led to a negative cycle of cognitive 

rumination and a detrimental impact on behaviour.  These findings mirror those of a 

mixed methods study of activity tracker use in young adults with depression and 

anxiety, which reported the negative impacts of feelings of guilt and increased 

anxiety (Kanstrup et al., 2018).  A qualitative interview study also found evidence of 

‘unhealthy preoccupation’ and ‘obsession’ relating to health and fitness app use in 

college students (Gowin et al., 2015).  The present study shows that similar negative 

psychological effects may be experienced in an employee population.  Police officers 

and staff also reported frustration resulting from the Fitbit®-delivered prompts to 

move during the working day but feeling unable to reduce their sedentary time due to 

lack of perceived opportunity for breaks. 

While overall experiences were positive for the majority of study participants, the 

negative impact of activity tracking, and of mHealth use in general, requires further 

attention.  It is important to consider the implications of such findings in future trials, 

particularly when recruiting those who already suffer from anxiety or are 

experiencing high stress levels.  Participants should be informed of all potential 

adverse effects, both physical and psychological, at the outset of the trial in order to 

make a fully informed decision regarding participation.  Some may require additional 

support from occupational health or an appropriate medical professional. 

In summary, the results indicated that in general the PAW-Force intervention was 

highly acceptable to police officers and staff, although the usability issues with the 

Bupa Boost app would need to be resolved before it is rolled out more widely.  The 

study improves our understanding of the factors influencing engagement with 

mHealth technology over the short and longer term and improves knowledge of how 



281 
 

such technology works to facilitate behaviour change.  Higher engagement with, and 

perceived impact of, the intervention was experienced by those with lower baseline 

activity levels.  There was evidence that use of the intervention led to both short- and 

longer-term behaviour change.  Context and the potential for personalised, tailored 

interventions were recurring themes and should be emphasised.  These findings will 

aid designers of mHealth technology and intervention developers to produce more 

engaging, usable, useful and impactful mHealth tools in the future. 
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CHAPTER 7 FEASIBILITY FOR THE WIDER WORKFORCE AND REFLECTION 

ON STUDY METHODS 
 

7.1 Introduction and overview 

Key aims of this pilot study were to assess the feasibility and acceptability of the 

PAW-Force intervention for the wider workforce, to explore the feasibility of 

implementation and delivery of the intervention, and to assess the feasibility of the 

study methods.  These aspects are addressed in this chapter. 

In section 7.2 the survey findings of perceptions of managers, commissioners and 

occupational health staff are reported, to assess whether the intervention was seen 

as feasible, acceptable and cost-effective at all levels of the Devon and Cornwall and 

Dorset Police forces.  In section 7.3, an overview of implementation and delivery of 

the intervention is presented, followed by an exploration of multiple aspects of the 

feasibility and acceptability of the study methods in section 7.4.  The chapter 

concludes with an integrated summary and discussion (section 7.5).   

 

7.2  Feasibility and acceptability for the wider workforce: Survey with managers, 

commissioners and occupational health staff 

Twenty-three managers, commissioners and occupational health staff were invited to 

complete the survey to assess perceived feasibility and acceptability of the 

intervention for the wider workforce (methods are described in Chapter 3).  Of these, 

there were 10 respondents (shown in Table 64).  Six of these were participants in 

the PAW-Force study.  Seven respondents were employed by Devon and Cornwall 

Police, two were employed by Dorset Police and one represented the Devon and 

Cornwall Office of the Police and Crime Commissioner.  The respondents included 

sergeants in a range of roles (all with supervisory responsibilities), a local policing 

inspector, a wellbeing manager, an exercise facilities manager, and a manager in 

criminal justice, partnerships and commissioning.  
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Table 64 Respondents in the managers, commissioners and occupational health staff survey 

Respondent 
number 

Organisation Work role Study 
participant? 

1 Devon & Cornwall Police Detective Sergeant Yes 
2 Devon & Cornwall Office of the 

Police & Crime Commissioner 
Criminal Justice, Partnerships and 
Commissioning Manager 

No 

3 Devon & Cornwall Police Response Sergeant Yes 
4 Dorset Police Wellbeing Manager No 
5 Devon & Cornwall Police Police Sergeant Yes 
6 Devon & Cornwall Police Inspector - Local Policing No 
7 Devon & Cornwall Police Detective Sergeant Yes 
8 Devon & Cornwall Police Custody Sergeant Yes 
9 Dorset Police Neighbourhood Policing Team Sergeant Yes 
10 Devon & Cornwall Police Exercise Facilities Manager No 

 

The responses to each question will now be presented in turn. 

 

Q1. Based on your knowledge and experience, do you think that mobile health 

(mHealth) and fitness technology (i.e. Fitbit® wearable activity monitor and 

‘Bupa Boost’ app) is a useful intervention within your workplace?  Please 

explain your answer. 

Nine respondents perceived mHealth and fitness technology as a useful intervention 

within their workplace.  Reasons for perceived usefulness were classed into three 

categories: 

1. Improved awareness of physical activity (PA) and other indicators of health 

and wellbeing 

Information, knowledge and awareness of PA, fitness, sleep, resting heart 

rate and general wellbeing were seen as important benefits of mHealth 

technology.  For example: 

“… it assists those trying to reduce their resting heart rate to 
understand what it does at various points during the day.” 
 
“Any item that makes you aware of your daily exercise, health, sleep 
quality and wellbeing must be a benefit.” 

 

2. Increased motivation to keep active  

Several respondents commented on the perceived impact of the Fitbit® and 

Bupa Boost app on PA levels, through increased motivation.  Self-monitoring 



284 
 

and social influence from other officers and staff were both seen as important 

contributors: 

“It has promoted the need to keep active and through the thirst to 
maintain a level of steps.  This has been influenced by peer pressure 
and self-motivation when in possession of stats.” 

 
3. Reduced sedentary behaviour in the workplace 

Three respondents reported the main perceived benefit to be a reduction in 

sedentary behaviour (SB) in the workplace.  Information, awareness and 

prompts for those who are desk-based were perceived to have a positive 

impact on behaviour: 

“It is very easy to sit at the desk for hours without moving – they 
[activity monitor and app] prompt you to be more active.” 
 
“It motivates those who sit at a desk to get up and move around.” 
 
“It provides a visible guide to how sedentary you are during a shift and 
prompts you to walk more.” 
 

One respondent believed that mHealth and fitness technology was a potentially 

useful intervention but should be optional rather than compulsory for all officers/staff: 

“It would be a useful offer for those interested in health and wellbeing but 
should be optional.” 
 

Data protection and privacy concerns were also raised: 

“There would need to be a clear agreement of what any related data 
could/should be used for.” 

  

Q2. What do you perceive to be the main benefits (if any) of the use of mHealth 

and fitness technology for individual officers and staff? 

Perceived benefits of mHealth technology for individual officers and staff were 

improved physical and mental health and wellbeing (n = 6), improved fitness levels 

(n = 4), reduced stress (n = 3) and reduced fatigue (n = 1).  Three respondents 

stated that an increased awareness of health and wellbeing was an important benefit 

for individuals; the technology was seen as encouraging staff to “start thinking about 

wellbeing and health”, “focus on health and wellbeing”, and “getting staff to think 
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about health through the device and making sure they are getting up regularly, 

completing steps for the day, completing exercise challenges”. 

Two respondents referred to the perceived benefits of social components and 

competing against colleagues using the activity monitor and app.  These 

respondents believed the technology enhanced “natural competitiveness between 

officers” and promoted “healthy competition”.  

Additional benefits, each mentioned by one respondent, were supporting a “positive 

team culture”, and officers and staff “viewing their employer as caring and being 

interested in their health and wellbeing”. 

 

Q3. What do you perceive to be the main benefits (if any) for the organisation? 

All respondents perceived that the use of mHealth and fitness technology would 

have some benefits for the organisation; these were generally perceived to be a 

result of improved health and fitness of officers and staff.  The most commonly 

stated organisational benefit was reduced sickness absence (n = 8).  For example, 

as one respondent indicated, “Regular movement and exercise during the day are 

likely over the long term to impact positively on sickness absence”.  Increased 

motivation, morale or happiness of staff were identified as potential organisational 

benefits by seven of the 10 respondents.  Improved capability, efficiency and/or 

productivity were stated by five respondents as possible benefits of mHealth 

technology for the organisation.  These were perceived as being due to improved 

health and fitness (e.g. “fitter more capable staff”) or as a result of breaks in 

sedentary time during the working day: “Taking breaks and exercising are likely to 

improve productivity” and “I find that when I step away from the desk for five minutes 

I am more focused and productive when I return”. 

Additional perceived organisational benefits, each reported by one respondent, 

included reduced presenteeism, improved team focus, more resilient staff with 

greater ability to cope with stress, and “the perception that the organisation cares 

about its staff”.  The latter was reported as a potential benefit for both individual staff 

and the organisation overall. 
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One respondent believed there were important potential organisational benefits, but 

echoed the views of another respondent that the use of mHealth technology in the 

workplace should be optional: 

“People who wear them [Fitbits] have to want to wear them, otherwise there 
will be no benefits.” 

 

Q4. Would you consider commissioning wearable activity monitors for 

individual staff within your department or organisation at a cost of 

approximately £80 per device? 

All 10 respondents stated that they would consider commissioning wearable activity 

monitors at a cost of approximately £80 per device, for their team or organisation.  

This was the approximate cost of the Fitbit® Charge 2 device used in the PAW-Force 

study. 

 

Q5. Do you have any other recommendations for policies or strategies to 

encourage staff to become more physically active / less sedentary? 

Managers, commissioners and occupational health and wellbeing staff recognised 

the importance of the workplace as a setting for promoting a healthy lifestyle.  For 

example: 

“We are wanting to look after their health and wellbeing 24/7, therefore 
enabling work to be part of an overall lifestyle of looking after yourself is very 
important.” 

 

The recommendations made by survey respondents for promoting PA and reducing 

SB were closely related to the suggestions of study participants (as detailed in 

Chapter 4).  As emphasised by participants in interviews, recommendations from the 

survey included scheduled time during working hours for PA, fitness and/or wellbeing 

(n = 3) and organised fitness classes for officers and staff (n = 2).  However, there 

were some differences in opinion surrounding whether exercise should be 

compulsory or optional, and when it should take place.  For example, one 

respondent believed fitness classes should be mandatory during the work day, while 

another recommended optional fitness classes during lunch breaks: 
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“Bring in mandatory fitness sessions into shift patterns, to encourage team 
working, morale, fitness development and wellness… potentially circuit 
training which can be done at individual speeds.” 

“Any strategy which encourages staff to take lunch breaks is likely to assist… 
and the opportunity for arranged fitness classes.” 

 
Two respondents advocated the continuation of subsidised gym membership.  One 

respondent suggested that wider use of mHealth and fitness technology (in particular 

the Fitbit® activity monitor) should be part of the strategy to promote PA and reduce 

SB in the police force. 

Other key recommendations included support from senior management in reducing 

sedentary time, and monitoring progress against the Health and Wellbeing Strategy 

implemented by the Devon and Cornwall Police.  Two respondents emphasised the 

importance of communication, encouragement and support from senior management 

to encourage staff to take lunch breaks and other breaks from sedentary time.  This 

was also one of the suggestions made by study participants (see Chapter 4).  A 

change in organisational culture and staff perceptions of the legitimacy of work 

breaks may be needed: 

“Encouragement from senior management for staff to take meal breaks away 
from their desk – staff still feel reluctant to do this for some reason.” 

“There needs to be communication from our senior management teams that 
breaks are encouraged, and in our lunch break, it is acceptable to exercise.  
There is still an uneasy feeling about going to the gym during lunch, almost 
like you are doing something wrong and ‘sliding away secretly’.  It shouldn’t 
feel like this.” 

 

A further two respondents recognised the importance of the ‘healthy behaviours’ 

component of the Devon and Cornwall Police Force Health and Wellbeing Strategy, 

which includes diet and nutrition and sleep quality in addition to PA.  These 

respondents believed that the strategy worked well but should continue to be 

carefully monitored and updated.  As one respondent stated: 

“We are already evolved around the wellness strategy.  However I think we 

need to remain receptive to new and innovative ideas and continue to 

respond to new ideas.” 
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7.3 Implementation of the intervention 

While implementation is a core component of process evaluation of complex 

interventions (Moore et al., 2014), it is generally infrequently and poorly reported in 

mHealth intervention studies (Blackman et al., 2013).  Implementation includes an 

assessment of what is actually delivered and how delivery is achieved (Moore et al., 

2014).  This section provides a brief overview of the main aspects of implementation 

of the PAW-Force intervention, including intervention fidelity, cost, adaptation and 

co-interventions. 

Assessment criteria for fidelity of PA interventions include design fidelity, training, 

delivery, receipt and enactment (Lambert et al., 2017).  Design fidelity was less 

relevant as the Fitbit® and Bupa Boost app were a prescribed intervention, rather 

than designed by the research team (see Chapter 3 for a full description of the 

intervention).  Training fidelity was also not applicable, as the intervention was self-

facilitated with minimal human support except for e-mailed instructions and guidance 

from the researcher sent at regular time points (see Chapter 3).  The researcher 

answered technical queries where possible and referred participants to online Fitbit® 

help guides and the Bupa Boost support team for unresolved queries.  Reported 

technical issues included faulty devices, failure to synchronise data, problems 

downloading step data, difficulties logging in to the Bupa Boost app and incompatible 

devices.  Additional issues in implementation of the intervention included loss of the 

Fitbit® or charger and broken or poorly fitting straps.  A supply of spare Fitbits®, 

chargers and straps was kept at a central administrative location within the Plymouth 

Basic Command Unit (BCU) and replacements were issued as needed.  Fidelity of 

delivery (i.e. use/engagement with the intervention), receipt (e.g. demonstration of 

knowledge, skills and self-efficacy) and enactment (e.g. performance of intervention 

skills) were assessed using quantitative and qualitative methods and are described 

in Chapter 6.  Overall, intervention fidelity was high. 

The cost of the intervention was approximately £80 per Fitbit® device, and the 

devices were provided to study participants at no cost, while they were employed by 

the participating police forces.  The Bupa Boost app was provided to the police 

forces for free as part of an agreement with Bupa.  As reported in section 7.2, the 
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intervention was perceived by managers, commissioners and occupational health 

staff as cost-effective. 

The intervention was delivered according to the protocol, with no adaptations made 

during the eight month study.  Co-interventions were minimal; at the 8-month follow-

up survey only six of 143 (4%) participants reported having taken part in a new PA 

programme in their workplace since the beginning of the study.  This included 

becoming a new member of the local police force gym (n = 2), joining a running 

group with colleagues (n = 2) and starting a new exercise programme with the 

support of a police force trainer (n = 2). 

 

7.4  Reflection on study methods 

The following measures of the feasibility of study methods have been recommended 

by the National Institute for Health Research (National Institute for Health Research, 

2019) and reported in previous studies of mHealth interventions in workplace 

settings (Buckingham et al., 2019): 

 reach and recruitment; 

 adherence and attrition;  

 comparison of study completers and non-completers;  

 feasibility and acceptability of data collection procedures and outcomes; and  

 acceptability of study participation as perceived by participants 

 
In the PAW-Force study, these aspects were assessed using a combination of 

quantitative and qualitative methods, and the findings are presented in this section 

(characteristics of interviewees are described in Chapter 4). 

 

7.4.1 Reach and recruitment 

Study participants were volunteers, recruited using a wide range of methods as 

outlined in Chapter 3.  The precise number of officers and staff reached was 

unknown.  However, due to the diversity of recruitment methods used it was 

expected that the majority of those employed at the Plymouth BCU and North Dorset 

territorial area would have been approached to participate.  Several of those 
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recruited reported they were aware of the study from multiple sources, and 

snowballing/word of mouth from colleagues was also an effective recruitment 

method.  Many were enthusiastic and excited about taking part: 

"We had one of the fitness teams come in to work and did our BMI and all 
different measurements.  Somebody mentioned it then, that there was going 
to be the trial and I just kept looking out for the e-mail all the time thinking I 
want to take part in this." 

(Police staff, female, age 40+) 

 

It was apparent that the incentive of a ‘free’ Fitbit® was an important factor in 

encouraging recruitment.  One interviewee reported that he would otherwise not 

have taken part: 

"It's nice to get something free as part of a trial as well... Well, if it wasn't for 
the free Fitbit... no, I don't think I would have [signed up].  I would probably 
have just read it and ignored it." 

(Police sergeant, male, age 18-39) 

 

Participants felt that there was good reach and representation across the various 

work streams: 

“It [the study], as far as I could see, stretched across a fair number of the work 
streams as well.  Everybody had the opportunity to take part in it.” 

(Police sergeant, female, age 18-39) 

 

The recruitment target of approximately 150 was quickly met and exceeded.  During 

the two month recruitment period (April-May 2017), 241 officers and staff from the 

two study sites expressed an interest in taking part.  Due to resource limitations, 35 

of these individuals were added to a waiting list for future research studies and/or 

receipt of a Fitbit® (sampling methods are described in Chapter 3).  An additional 16 

potential participants did not complete the consent form.  This left 190 officers and 

staff who consented to take part in the study, giving an approximate recruitment rate 

of 79% (the number completing consent relative to those expressing an interest in 

the study).  A further 8 individuals were excluded post-consent (see Chapter 4). 

Overall, the study participants were representative of the wider police force 

populations at the Plymouth BCU and North Dorset sites in terms of occupation, 
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gender and ethnicity (see Table 65; note complete data for Devon and Cornwall 

Police and Dorset Police as a whole were not available).  Approximately 10% 

(128/1268) of those employed at Plymouth BCU were recruited to the study, and the 

numbers were reasonably representative of the various occupational roles, although 

police officers were slightly overrepresented and police staff slightly 

underrepresented in the study.  Data on average age for Plymouth BCU officers and 

staff were not available, although the modal age group for police officers employed 

at this site was 36-45 years, which was close to the mean age of 39 years in the 

study sample.  The majority of individuals working at the four North Dorset sites were 

recruited to the study, i.e. 52 of approximately 73 officers and staff (71%).  The 

sample was representative of occupation, gender and ethnicity of the police 

population in North Dorset.  The average age of police officers employed in North 

Dorset was 41 years, also close to the mean age of 39 in the study sample. 

 

Table 65 Comparison of study participants from the Plymouth BCU and North Dorset sites with 
the wider Plymouth BCU and North Dorset police populations: numbers in occupational roles, 
gender and ethnicity 

 Plymouth BCU North Dorset 

n (%) in study 
sample 

n (%) in 
Plymouth 

BCU 

n (%) in 
study 

sample 

n (%) in North 
Dorset 

Occupation 
Police officers 

 
81 (63) 

 
654 (52) 

 
33 (63) 

 
45 (62) 

Police staff 33 (26) 488 (38) 3 (6) 7 (10) 
PCSOs and special constables 

 
Gender 

Male 
Female 

 
Ethnicity 

White 
Other ethnicity 

Undisclosed 
 

14 (11) 
 
 

73 (57) 
55 (43) 

 
 

125 (98) 
2 (2) 
1 (1) 

126 (10) 
 
 

691 (54) 
577 (46) 

 
 

976 (77) 
14 (1) 

278 (22) 

16 (31) 
 
 

34 (65) 
18 (35) 

 
 

52 (100) 
0 (0) 
0 (0) 

21 (29) 
 
 

48 (66) 
25 (34) 

 
 

70 (96) 
2 (3) 
1 (1) 

Total 128 (100) 1268 (100) 52 (100) 73 (100) 
Note: Data provided by Performance & Analysis teams, Devon & Cornwall Police (2017) and Dorset Police 
(2017) 
Percentages may not total 100 due to rounding. 
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7.4.2 Adherence and attrition 

Attrition was defined as the percentage of participants who consented to participate 

and began the intervention but failed to provide any data at 8 month follow-up.  The 

attrition rate was 21% (39/182).  Conversely, the retention rate was 79% (143/182). 

Of the 39 participants who did not complete the study, seven officially withdrew 

between completing the baseline questionnaire and the end of the study at 8 

months.  The following reasons were given (see also Chapter 4 for participant flow 

diagram): 

 Physical adverse effects of the intervention (i.e. skin irritation resulting from 

Fitbit® wear) (n = 1) 

 Psychological adverse effects - anxiety surrounding PA and sleep as a result 

of heightened awareness from using the Fitbit® and Bupa Boost app (n = 2) 

 Leaving the police force before the end of the study (n = 2) 

 Lack of time to increase PA, particularly during the work day (n = 1) 

 Did not wish to continue with study (unspecified) (n = 1) 

 
A further proportion failed to complete questionnaires at each data collection point, 

with the number of non-completers increasing slightly as the study progressed, i.e. 

19/178 (11%) at week 6, 25/176 (14%) at week 12, and 30/173 (17%) at month 8 

(see Chapter 4). 

Adherence in relation to engagement with the intervention is discussed in Chapter 6. 

 

7.4.3 Comparison of study completers and non-completers 

Study completers (i.e. participants who provided data for one or more outcomes at 

the 8-month follow-up) and non-completers (participants providing no data at 8-

month follow-up) did not differ significantly on baseline PA level (objective or self-

reported), baseline sedentary time, or baseline measures of any secondary 

outcomes (physical and mental health-related quality of life, perceived stress and 

productivity) (see Table 66 and Table 67).  As shown in Table 68, the two groups 

were also similar in terms of socio-demographics, with the exception of presence of 

a self-reported health condition.  A significantly higher proportion of non-completers 
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(18/36, 50%) than completers (42/142, 30%) reported having a health condition at 

baseline (χ2 = 5.36, p = 0.021).  Compared with study completers, non-completers 

were significantly more likely to have arthritis (osteo or rheumatoid) (χ2 = 4.90, p = 

0.027), depression or anxiety (χ2 = 10.77, p = 0.001) or type 1 diabetes (χ2 = 7.82, p 

= 0.005). 

 

Table 66 Baseline activity level of study completers and non-completers 

Outcome Non-completers 
 

Completers t value 1 p-value for 
difference 

Mean (SD) 
 

95% CI Mean (SD) 95% CI 

Mean daily step 
count 

9,764 (3,234) 
n = 29 

8,534 to 
10,994 

10,721 (3,251) 
n = 138 

 

10,174 to 
11,268 

-1.44 0.151 

Total physical activity 
(minutes/week) 

156.5 (129.1) 
n = 37 

113.4 to 
199.5 

174.0 (99.6) 
n = 143 

 
 

157.5 to 
190.5 

-0.89 0.373 

Total physical activity 
(MET-minutes/week) 

2,968.5 
(3,065.8) 

n = 37 

1,946.4 to 
3,990.7 

3,237.4 
(2,378.4) 
n = 143 

 

2,844.2 to 
3,630.5 

-0.58 0.566 

Moderate-to-vigorous 
physical activity 

(MET-minutes/week) 

1,620.0 
(2,246.6) 

n = 37 

870.9 to 
2,369.1 

1,744.1 
(1,713.6) 
n = 143 

 
 

1,460.8 to 
2,027.3 

-0.37 0.714 

Sedentary time 
(hours/typical 

weekday) 

6.97 (2.97) 
n = 37 

 

5.98 to 
7.96 

6.27 (2.93) 
n = 143 

 
 

5.79 to 
6.75 

1.29 0.198 

Note: 1 Independent samples t-test completers vs. non-completers 

Only participants providing baseline data are included.  Study completers includes participants who provided any 
data at 8-month follow-up.  
SD = Standard Deviation; n = number of observations; 95% CI = 95% Confidence Interval 
p-values where significant (i.e. <0.05) are highlighted in bold 
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Table 67 Physical and mental health-related quality of life, perceived stress and productivity of 
study completers and non-completers 

Outcome Non-completers 
 

Completers t value 1  p-value 
for 

difference Mean (SD) 
 

95% CI Mean (SD) 95% CI 

SF-12 physical 
component score2 

54.71 (6.12) 
n = 31 

 

52.47 to 
56.96 

54.15 (6.93) 
n = 141 

53.00 to 
55.31 

0.42 0.678 

SF-12 mental 
component score2 

46.51 (10.94) 
n = 31 

 

42.50 to 
50.53 

47.79 (8.87) 
n = 141 

46.32 to 
49.27 

-0.70 0.487 

Perceived stress 
(PSS-4 score)3 

5.55 (3.79) 
n = 31 

 

4.20 to 6.90 4.70 (3.07) 
n = 141 

4.19 to 
5.21 

1.34 0.182 

Combined relative 
absenteeism and 

relative 
presenteeism (HPQ 

score)4 

1.00 (0.31) 
n = 31 

0.89 to 1.12 1.09 (0.37) 
n = 143 

1.03 to 
1.15 

-1.24 0.216 

Note: 1 Independent samples t-test completers vs. non-completers 
2 Higher scores indicate higher physical and mental quality of life 
3 Higher scores indicate higher perceived stress 
4 Higher scores indicate higher productivity 

Only participants providing baseline data are included.  Study completers includes participants who provided any 
data at 8 month follow-up.  
SD = Standard Deviation; n = number of observations; 95% CI = 95% Confidence Interval 
p-values where significant (i.e. <0.05) are highlighted in bold 
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Table 68 Socio-demographic and occupational characteristics of study completers and non-
completers 

Variable 
 

Non-
completers 

Completers Test 
statistic1 

p-value 
for 

difference 
 

Age, mean (SD) 
 
 

37.4 (10.5) 
n = 37 

39.8 (9.3) 
n = 143 

t = -1.38 0.170 

Gender, n (%) 
Male 

Female 
 

 
21 (57) 
16 (43) 

 
86 (60) 
57 (40) 

 
χ2 = 0.14 

 
0.709 

Years of police service, mean (SD) 
 
 

10.7 (9.1) 
n = 37 

12.4 (7.6) 
n = 143 

t = -1.18 0.238 

Police force, n (%) 
Devon & Cornwall Police 

Dorset Police 
 

 
25 (68) 
12 (32) 

 
103 (72) 
40 (28) 

 
χ2 = 0.28 

 
0.594 

Occupation, n (%) 
Police officers 

PCSOs and special constables 
Police staff 

 

 
19 (51) 
7 (19) 
11 (30) 

 
95 (66) 
23 (16) 
25 (18) 

 
χ2 = 3.40 

 
0.183 

Marital status, n (%) 
Married or civil partnership 

Single, divorced, separated or widowed 
 

 
21 (58) 
15 (42) 

 
91 (64) 
51 (36) 

 
χ2 = 0.41 

 
0.523 

Health condition at baseline, n (%) 
Yes 
No 

 

 
18 (50) 
18 (50) 

 
42 (30) 
100 (70) 

 
χ2 = 5.36 

 
0.021 

Smoking, n (%) 
Current or ex-smoker 

Never smoked 
 

 
13 (35) 
24 (65) 

 
44 (31) 
99 (69) 

 
χ2 = 0.26 

 
0.611 

Alcohol consumption, n (%) 
Once a week or more 

Less than once a week 
 

 
19 (51) 
18 (49) 

 
78 (55) 
65 (46) 

 
χ2 = 0.12 

 
0.728 

Education, n (%) 
Lower or upper secondary school 

Professional or technical qualification 
University 

 

 
20 (54) 
4 (11) 
13 (35) 

 
62 (43) 
37 (26) 
44 (31) 

 
χ2 = 3.84 

 
0.146 

Previous activity monitor use, n (%) 
Yes 
No 

 

 
17 (46) 
20 (54) 

 
49 (34) 
94 (66) 

 
χ2 = 1.73 

 
0.189 

Note: 1 Independent samples t-test used for continuous variables, Chi-square for categorical variables.   

Only participants providing baseline data are included.  Study completers includes participants who provided any 
data at 8 month follow-up.  
SD = Standard Deviation; n = number of observations 
p-values where significant (i.e. <0.05) are highlighted in bold 
Percentages may not total 100 due to rounding. 
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7.4.4 Feasibility and acceptability of data collection procedures and outcomes 

Table 69 shows the proportions of participants providing primary outcome data (i.e. 

Fitbit®-recorded daily step count) compared with self-reported PA data at each time 

point.  Completeness of step count data was lower than that of self-reported 

outcome measures throughout the study.  For example, 83% of remaining 

participants (143/173) completed the 8-month follow-up questionnaire compared with 

only 50% (87/173) that provided step count data at this time point. 

 

Table 69 Completeness of outcome data: step count vs. questionnaires 

Time point Number (%)1 of 
participants providing 

step count data 

Number (%) of participants 
completing questionnaire2 

Baseline (week 0) 167/180 (93) 180/180 (100) 
Mid-intervention (week 6) 118/178 (66) 159/178 (89) 

Post-intervention (week 12) 114/176 (65) 151/176 (86) 
Follow-up (month 8) 87/173 (50) 143/173 (83) 

1 Total number of participants excludes those who had withdrawn from the study 
2 Partial questionnaire completers included 

 

Qualitative data showed that many participants experienced no difficulty in 

downloading their step data from the Fitbit® website and uploading it to the online 

questionnaire or e-mailing it as an attachment to the researcher.  They found the 

written instructions easy to follow: 

“I found getting the step data off the Fitbit website and sending it through, that 
was relatively easy.  It did need the crib sheet each time, but the crib sheet, it 
was ‘Janet and John’, which was very helpful indeed.  I'm not particularly good 
at computing." 

(Police inspector, male, age 40+) 

 

Others reported problems obtaining or transferring their step data, either 

experienced by themselves or their colleagues (“I know there were a few issues with 

people getting the data from the Fitbit site and downloading”).  This appeared to be 

the main reason for lower completeness of step data.  Interviewees recommended 

having a designated ‘workplace champion’ to assist with this task in any future trials: 

"It might be useful if... the likes of *** [PCSO] and *** [Police Sergeant]… 
could be champions, you could almost delegate it to them, to make sure that 
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everybody gets it done... for five minutes just to guide them through it, that 
wouldn't be too much of an onerous task." 

(Police inspector, male, age 40+) 

 

Some participants wished to download data and complete questionnaire surveys on 

their mobile phone but experienced some technical problems with obtaining step 

data and completing questionnaires using this method: 

"I would have liked to be able to do the questionnaire on my phone but I 
couldn't do that… I don’t know if some people could do it on their phones, 
whether it’s just me having an old phone… Because you're using an app, 
you're using the Fitbit app, you’re using the Bupa Boost app.  If you could 
have done the questionnaires somehow through the app that would have 
made it easier rather than thinking I’ve got to do that, I’ve got to get the laptop 
out and work that out." 

(Police staff, female, age 18-39) 

 

Interview data suggested that acceptability of the questionnaires was high and 

perceived burden of completion was low.  Participants reported that questionnaires 

were easy to complete and that there was sufficient time to complete questionnaires 

and take part in interviews: 

“I thought it was really easy.  I didn't think any of the questionnaires that you 
sent out were challenging or difficult or time consuming.” 

(Police inspector, male, age 40+) 

 

"It wasn't intrusive, it was fine.  I've done a couple of interviews on the phone 
and they're no more than we would expect really.” 

(Police constable, female, age 40+) 

 

Participants also appreciated the use of the International Physical Activity 

Questionnaire (IPAQ) to capture data on a wider range of physical activities in 

addition to step count.  It was perceived by some as very important that activities 

such as boxing, swimming and strength training were recognised (see also Chapter 

6): 

"My steps of 12,000 a day, I set myself. But it’s different because… I think if 
you're a runner you would hit those really easily, where it's actually quite a 
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disadvantage to people like me because I do CrossFit and I'm doing a lot of 
Olympic lifting as well, which exerts your body but that can't be measured in 
steps.” 

(Police constable, female, age 18-39) 

 

Completeness and quality issues were experienced in relation to secondary data.  

The lack of availability of sickness absence data prevented analysis of this outcome 

for the North Dorset study site.  For Plymouth BCU, some information was available 

but it was subject to data quality issues (see Chapter 5). 

 

7.4.5 Acceptability of study participation 

At the 8-month follow-up, all interviewees reported a positive experience of 

participating in the study.  Frequently used terms were ‘enjoyable’, ‘something 

different’, ‘fun’ and ‘motivational’.  For example: 

"I've found that it's been really enjoyable in the sense that you've been able to 
socialise and compete with people at work.  I found it hugely motivational." 

(Police constable, male, age 18-39) 

 

"I suppose it's been a bit different and quite exciting in that respect.  It just 
takes something small sometimes to just focus people and get people 
motivated.  I think it's worked.  I'm grateful for the Fitbit and being part of it 
really." 

(Police sergeant, male, age 18-39) 

 

Some showed a clear willingness to take part in future similar studies or trials: 

“If there's any more [studies] coming on I'll do it again!" 

(PCSO, male, age 40+) 

 

Interviewees appreciated the opportunity to focus on their physical and psychological 

health, and felt that the study demonstrated that the organisation cared about their 

health and wellbeing: 

"Overall, I think it's a really useful bit of work…  It’s a massive step in the right 
direction… We're all having to do more, having to work longer, under more 
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stressful conditions.  Health and wellbeing's now getting the spotlight it really 
does need." 

(Police inspector, male, age 40+) 

 

Others suggested that the organisation, particularly higher level managers, should 

have greater involvement in such PA and wellness programmes.  The following 

quote also reemphasises the importance of the wider context and the need for more 

opportunities for PA in the workplace: 

"It's just having the organisation getting involved a bit more.  We were utilised 
as the guinea pigs so to speak, but the hierarchy could have been involved 
and actually given us times when we could go out and actually do stuff or put 
events on within the force whilst the trial was going on… Hopefully it'll have a 
positive effect where we work.  I would like to think that our senior 
management would look at it and maybe alter a few things within the 
organisation." 

(Police constable, male, age 18-39) 

 

7.5  Summary / Discussion 

Overall, the PAW-Force intervention was perceived as feasible and acceptable for 

the wider workforce.  All respondents of the survey with managers, commissioners 

and occupational health staff were supportive of the intervention, and believed that 

mHealth technology (i.e. the Fitbit® and Bupa Boost app) was potentially useful 

within their organisation.  Benefits were perceived for individual officers and staff 

(such as improved fitness, health and wellbeing) in addition to organisational benefits 

such as increased resilience, improved morale and productivity.  These were similar 

to the expected benefits reported by interviewees in Chapter 6.  The intervention 

was low cost, and importantly perceived as cost-effective by the managers, 

commissioners and occupational health staff surveyed.  Cost-effectiveness is seen 

as a major advantage of mHealth technology in general (Direito et al., 2017, 

Stephenson et al., 2017, Sullivan and Lachman, 2016), and there is evidence that 

the use of wearable fitness technology as part of a workplace wellness programme 

can lead to substantial healthcare cost savings for employers (Daniels et al., 2016). 

Whole-system approaches to workplace wellness programmes, involving support 

from all levels of the organisation, are associated with successful behaviour change 
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and improved health outcomes (Hendriksen et al., 2016b, Brand et al., 2017).  The 

finding of support from managers, commissioners and occupational health staff is 

therefore encouraging.  It was clear that those surveyed perceived the workplace as 

an important setting for promoting PA, health and wellbeing, and the organisations’ 

focus on health and wellbeing was appreciated by officers and staff who were 

interviewed.  It was apparent that mHealth was seen as one component of a wider 

health promoting culture within the police forces, and the consensus was that the 

use of this technology should be optional rather than compulsory for all officers and 

staff.   

Managers also recognised the influence of contextual factors on PA and SB, a 

recurring theme throughout the thesis.  Suggestions for promoting PA and reducing 

sedentary time in the workplace closely matched those of interviewees (see Chapter 

4), and included scheduled time for PA or wellness, organised fitness classes, and a 

change in organisational culture regarding breaks from sedentary time.  More visible 

support and active involvement of the most senior managers was recognised as a 

need by both the participants interviewed and managers surveyed.  This should be 

addressed in future wellness programmes within the police force. 

A consideration of implementation of the intervention is a strength of the research, as 

this has been underreported in previous mHealth intervention studies (Blackman et 

al., 2013).  The intervention was feasible to implement and fidelity of delivery, receipt 

and enactment were high, i.e. the intervention was delivered as planned, associated 

with high engagement and well received by participants in both the short and longer 

term.  As reported in Chapter 6, the Fitbit® was perceived by the majority as more 

usable and useful than the Bupa Boost app.  While designed as a self-directed 

intervention, many participants required technical support during the study, and 

some needed assistance with downloading their step data.  Due to limited resources, 

support with such queries was provided by a single researcher.  The need for 

technical support in trials of wearable activity monitors has previously been reported 

(Harrison et al., 2014) and should not be underestimated when planning new 

mHealth interventions.  Some participants suggested having a workplace champion 

(or champions) to assist with data downloads and oversee the PA challenges within 

Bupa Boost.  The use of one or more individuals to perform these roles should be 

considered for any future effectiveness trials.   
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The desire for a workplace champion to facilitate mHealth interventions for PA has 

similarly been reported by other employee populations including nurses (Torquati et 

al., 2018).  Although the present study was designed as a standalone mHealth 

intervention, there is evidence that workplace health promotion interventions that 

include both ‘online’ components and ‘offline’ elements such as human support are 

more likely to be successful (Nuffield Health, 2018, Schoeppe et al., 2016).  Future 

trials would need to consider training fidelity to ensure consistent input and support 

across sites by workplace champions.   

Due to technical issues and loss of equipment (another common issue with this type 

of intervention - Harrison et al., 2014), it was also necessary to have a supply of 

spare Fitbit® devices, straps and chargers and to ensure participants were aware of 

how to obtain these.  For many, this promoted continued engagement with the 

intervention and study. 

A reflection based on quantitative and qualitative data indicated that study methods 

were feasible and acceptable for participants.  The findings suggested some 

possible ways in which future similar studies or a larger trial within the police force 

could be enhanced.  Recruitment methods were effective and efficient; the target 

was quickly met with a waiting list of potential participants for future studies.  The 

incentive of a free Fitbit® was an important contributing factor; incentives have been 

associated with higher participation in previous workplace health promotion 

programmes (Robroek et al., 2009).  Reach was high due to the wide range of 

recruitment methods used.   

Overall, study participants had a similar socio-demographic profile to the officer and 

staff populations.  However, despite the use of maximal variation sampling to aim for 

representation of the various occupational groups, proportions of staff recruited were 

slightly lower than expected relative to the wider population at the Plymouth BCU 

site.  Future recruitment methods should therefore aim to target police staff.  All 

participants were volunteers (i.e. self-selected rather than randomly selected or 

systematically referred from the target population); this may be seen as contributing 

to selection bias (Thomas et al., 2004).  However, recruitment of volunteers is the 

typical method used in workplace interventions, including those with an mHealth 

component (Buckingham et al., 2019).  The reporting of reach and 
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representativeness is another strength of this research as these aspects tend to be 

underreported (Blackman et al., 2013, Buckingham et al., 2019).  Complementing 

the quantitative findings, interviewees perceived good reach and representativeness 

across the two police forces.  

Attrition was reasonably low, particularly considering the relatively long duration of 

the study in comparison to existing studies in this field (Buckingham et al., 2019, 

Afshin et al., 2016).  The overall attrition rate (i.e. the percentage of enrolled 

participants who failed to provide any data at the 8-month follow-up) was 21%, lower 

than many previous studies of mHealth interventions to promote PA and reduce SB 

in the workplace, which have reported attrition rates of up to 74% (Buckingham et al., 

2019, Torquati et al., 2018).  Adverse consequences of the intervention, both 

physical and psychological, were the reason for the dropout of a small number of 

individuals (see Chapter 6); it is important to consider these and inform participants 

of potential adverse outcomes during enrolment in future trials. 

A comparison of study completers and non-completers found little evidence of bias in 

dropout.  The two groups were similar in baseline PA level (objective and self-

reported) and self-reported sedentary time.  Study completers and non-completers 

were also similar in terms of a range of socio-demographic and occupational 

characteristics, and there were no differences in likelihood of completing the study 

between the two participating police forces.  This contrasts with a previous 

questionnaire study of obesity in police officers, which reported that older and more 

experienced officers were less likely to adhere to the research protocol by fully 

completing the questionnaire (Can and Hendy, 2014).   

The only significant difference between completers and non-completers in the 

present study was that a higher proportion of non-completers reported a health 

condition at baseline.  The qualitative findings also noted that health status was a 

barrier to both PA (see Chapter 4) and engagement with the intervention (see 

Chapter 6).  It is conceivable that those with arthritis were less likely to adopt and/or 

maintain increased PA levels to the end of the study and so did not wish to provide 

final outcome data.  Those with anxiety and depression were also less likely to 

complete the study; this may be for the same reason as these conditions are 

associated with lower sports participation and general activity (Hiles et al., 2017).  
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Two participants withdrew for reasons of increased anxiety associated with the 

intervention (see Chapter 6).  It is important that all participants, especially those 

who are most vulnerable, are made fully aware of potential negative psychological 

consequences at the outset of any trial.  However, those with chronic health 

conditions (both physical and psychological) may receive the greatest benefits from 

increased PA (Penedo and Dahn, 2005) and from mHealth technology use (Phillips 

et al., 2018), and should therefore not be dissuaded from participating in such trials. 

The results indicated that data collection procedures were feasible.  Overall outcome 

completion was high, with 83% of police officers and staff remaining in the study at 8 

months completing all or part of the final follow-up questionnaire.  According to the 

interviews, participants were satisfied with the questionnaires and reported low 

burden of completion.  Participants valued the use of the IPAQ to capture a range of 

activities in addition to steps.  One possible suggested improvement was for the 

questionnaire surveys to be more easily completed using a smartphone.  A key 

finding was that completeness of step count data was lower than self-reported PA 

and secondary outcomes.  Future studies could overcome this issue by using a 

different primary outcome or by exploring alternative ways of obtaining data from the 

Fitbit®.  Methods reported by previous studies have included use of the Application 

Programming Interface (API) for the wearable device (Harrison et al., 2014), 

management of individual Fitbit® accounts by the researcher (Yeung et al., 2017) or 

the use of social app functions to track participants’ PA (Jones, 2016).  Workplace 

champions could also provide valuable support with data downloads.  A lack of 

complete and accurate data on sickness absence was another issue that should be 

resolved if this outcome is to be captured in future trials. 

In summary, the intervention was feasible to implement and deliver, and perceived 

as highly acceptable by officers and staff at various levels of the police forces 

involved.  Study methods were generally feasible and acceptable.  Participants 

reported a positive experience of study participation, which was seen as novel, 

enjoyable and motivational.  Wider implementation and upscaling of the PAW-Force 

intervention and research methods should be carefully considered given that this 

was an uncontrolled pilot study in a fairly specific setting.  Nevertheless, the study 

has produced some important implications and recommendations for the design and 



304 
 

conduct of future mHealth intervention studies in workplace settings; these are 

discussed further in Chapter 8. 
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CHAPTER 8 INTEGRATION OF FINDINGS, DISCUSSION AND CONCLUSIONS 
 

8.1  Introduction and overview 

The aim of this chapter is to summarise the findings of the systematic review and 

PAW-Force study, to explore the separate and combined contributions of the 

quantitative and qualitative methods in the PAW-Force study, and to consider the 

implications of the findings for academia (i.e. what the research adds to existing 

theory and evidence), public service (policy and practice in the police force) and 

future workplace wellness programmes.  An overview of the key findings is given 

rather than a comprehensive discussion, which has been included in the preceding 

chapters (Chapters 4 to 7). 

A brief discussion of the systematic review findings is first presented in section 8.2.  

A revised logic model for the PAW-Force study is presented in section 8.3, then the 

answers to the research questions introduced in Chapter 1 are summarised in terms 

of quantitative findings, qualitative findings and contributions to knowledge (section 

8.4).  Strengths and limitations of the PAW-Force study are discussed in section 

8.5.  This is followed by recommendations and impact for the police force (section 

8.6) and directions for future research, including recommendations for mHealth 

interventions in workplace settings (section 8.7).  The overall knowledge 

contributions of the PhD are presented in a summary table in section 8.8, and final 

conclusions are given in section 8.9. 

 

8.2 Summary of systematic review findings 

A systematic review of mobile health (mHealth) interventions to promote physical 

activity (PA) and reduce sedentary behaviour (SB) in workplace settings was 

conducted alongside the PAW-Force study.  The purpose of the review was 

threefold: to summarise the existing evidence base and provide a background for the 

research; to identify gaps in the literature and subsequently inform the specific 

research questions in the PAW-Force study; and to use the findings to guide the 

study design. 
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The review was the first known published review of studies of mHealth interventions 

conducted specifically in workplace settings.  The limitations of previous reviews had 

included poor reporting of review procedures and included studies, the omission of 

grey literature, and a lack of a comprehensive description of interventions (Bardus et 

al., 2016).  These issues had resulted in low confidence in findings and conclusions.  

The review overcame many of these limitations with clear and comprehensive 

reporting of procedures, study designs and outcomes, the inclusion of grey literature, 

and systematic coding of the theoretical components of interventions in the included 

studies.  Compared with previous reviews, this review was more comprehensive by 

considering multiple aspects of mHealth – feasibility, acceptability and engagement 

in addition to effectiveness. 

Despite heterogeneity of the included studies (which precluded meta-analysis), there 

was reasonable evidence that mHealth interventions may be useful in workplace 

settings for promoting PA, at least in the short term.  This was in line with the 

findings of reviews of studies in non-workplace contexts (Fanning et al., 2012, Bort-

Roig et al., 2014, Muntaner et al., 2016, Schoeppe et al., 2016, Direito et al., 2017).  

The longer-term impact was less clear as interventions and studies tended to be 

short in duration; other reviews had similarly reported typical study durations ranging 

from a few weeks to six months (Fanning et al., 2012, Bort-Roig et al., 2014, Afshin 

et al., 2016).  This highlighted the importance of exploring both the short- and long-

term impact, and the need for a study with longer than six months’ follow-up (taking 

into account the constraints of the PhD timescale).  Relatively few studies had used 

qualitative methods to examine feasibility and acceptability of mHealth interventions; 

this gap was an important one to fill.  Additional gaps identified in the review included 

the unclear impact of mHealth on SB and wider outcomes such as health, wellbeing 

and productivity; these also led to research questions in the PAW-Force study. 

The limitations of the included studies were used to guide the design of the PAW-

Force study.  In many previous studies, interventions and outcomes had not been 

clearly defined or reported.  In the PAW-Force study, the intervention (including the 

component behaviour change techniques (BCTs)) and outcomes were clearly 

reported.  Some of the reviewed studies had relied on outcome measures with poor 

or unknown validity; it was ensured that the primary outcome in the PAW-Force 

study was objective, valid and reliable.  Inadequate control and/or reporting of 
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confounders was an issue in several of the reviewed studies; this emphasised the 

need to consider, capture and report confounders (i.e. factors influencing PA levels) 

in the PAW-Force study. 

 

8.3 Revised logic model 

Figure 22 shows the logic model produced using the quantitative and qualitative 

findings of the PAW-Force study.  This is an updated version of the pre-study logic 

model introduced in Chapter 3 (Figure 3).  The main changes and additions are as 

follows: 

 Engagement with the intervention was high overall, and closely related to 

perceived usability and usefulness (see Chapter 6) 

 The findings showed that continued engagement with the Fitbit® and Bupa 

Boost app was not always necessary for long-term behaviour change 

(discussed in Chapter 6)  

 Individual intervention components were generally preferred to social 

components (see Chapter 6) 

 Some additional mechanisms of impact were observed, including improved 

psychological capability, reflective and automatic motivation, and social 

opportunity according to the COM-B model (Michie et al., 2011a) (as 

discussed in Chapter 6) 

 There was no evidence for social facilitation and co-action, but social 

accountability was observed as a behaviour change mechanism (see Chapter 

6) 

 The observed long-term behaviour change mechanisms included changes in 

mind set in addition to the predicted habit formation and improved self-efficacy 

(see Chapter 6) 

 The observed mechanisms were most pronounced for officers and staff who 

were less active at the beginning of the study.  Increases in PA were also 

greatest for this group.  (Discussed in Chapters 5 and 6) 

 Some expected outcomes were not observed, including reduced sedentary 

time, improved physical health-related quality of life, reduced stress, improved 

productivity and reduced sickness absence.  However, there were qualitative 
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reports of improved health and wellbeing, fitness, sleep and weight loss.  (See 

Chapters 5 and 6) 

 Lack of an expected impact on sedentary time was mainly due to contextual 

factors (discussed in Chapter 6) 

 Several of the expected contextual factors (e.g. organisational policy and 

culture) appeared to influence implementation, mechanisms and outcomes, 

but there was no evidence for a differential impact of site (Plymouth Basic 

Command Unit (BCU) vs. North Dorset territorial area) (see Chapters 5 to 7) 

The revised logic model should be referred back to throughout section 8.4, where 

the main findings are summarised and discussed. 

 

  



 
 

Figure 22 Logic  
model of the  
intervention  
(end of study) 
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Improved mental health-

related quality of life after 

8 months (not associated 

with PA) 

No significant longer-term 

impact on physical health-

related quality of life, 

stress, productivity or 

sickness absence (although 

qualitative reports of 

improved health and 

wellbeing, fitness, sleep 

and weight loss) 

 

Increased 

PA 

(objective 

and self-

reported)  

IN 

PARTICULAR 

FOR LESS 

ACTIVE 

OFFICERS 

AND STAFF  

No 

significant 

impact on 

sedentary 

time  

(mainly 

due to 

contextual 

factors) 

PRIMARY OUTCOMES 

No significant longer-term 

impact on sedentary time 

(due to contextual factors) 

No significant (quantitative) 

impact on health-related 

quality of life or perceived 

stress (although qualitative 

reports of improved health/ 

wellbeing and reduced 

stress) 

No significant impact on 

productivity or sickness 

absence 

Social opportunity (online 

and offline) 

Psychological capability  

Note: the above 

mechanisms were more 

pronounced for the less 

active, less intrinsically 

motivated officers and staff 

Social phase only: 
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8.4 Integrated summary of findings and contributions to theory and evidence 

 

8.4.1 Q1. What is the context (prevalence, opportunities, barriers, facilitators) of 

physical activity (PA) and sedentary behaviour (SB) in the police force? 

 

Quantitative findings: Survey data indicated the sedentary nature of the policing 

role.  The majority (58%) of study participants reported their role as mainly 

sedentary, with only 17% reporting having a mainly active role.  Mean self-reported 

weekday sedentary time as measured by the International Physical Activity 

Questionnaire (IPAQ) was 6.41 hours.  Almost half (46%) of participants had a mean 

baseline daily step count less than 10,000 and 13% were classed as ‘low activity 

level’ according to the IPAQ.  There were some subgroup differences in baseline 

activity levels, based on gender, age, length of service and marital status. 

 

Qualitative findings: The qualitative findings confirmed the need for an intervention, 

by adding support to, as well as expanding on, the quantitative results.  Overall, 

officers and staff reported sedentary roles and compensated with higher activity 

outside of work hours.  Interviews revealed further differences in patterns of activity 

based on occupation and work stream, indicating for example that PCSOs and 

special constables, and those employed as response officers, tended to be more 

active during work hours.  The interviews also provided in-depth information on 

opportunities, barriers and facilitators for PA and SB in the police force.  While there 

were several existing opportunities for PA in the workplace (gyms, exercise classes 

and sports teams), the extent to which these were used varied greatly between 

individuals.  The main barriers and facilitators to PA (both within and outside of the 

workplace) were classed into four categories according to the Socio-Ecological 

Model - individual (e.g. motivation), interpersonal (e.g. social support), organisational 

(e.g. shift work) and community/environmental (e.g. season) level factors.  

Recommendations for promoting PA and reducing sedentary time in the police force 

were made by interviewees. 
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Contribution to knowledge: The findings showed a clear need for interventions to 

promote PA and reduce SB in the police force, supporting previous findings of the 

sedentary nature of the policing role (Ramey et al., 2014, Lagestad and Van Den 

Tillaar, 2014).  The results suggested that the most inactive subgroups were 

females, younger officers and staff, and those with fewer than 10 years of police 

force service.  These findings may be used to inform future targeting of interventions. 

To the author’s knowledge, this was the first in-depth qualitative study of barriers and 

facilitators to PA for the police force using a Socio-Ecological approach.  Some of the 

identified barriers may be particularly pertinent in the policing role (or similar 

occupations), such as shift work, lack of availability or access to workplace exercise 

facilities (despite fitness testing being a requirement of the role), and perceived 

social pressure from more active colleagues. 

As included in the logic model under ‘context’ (see Figure 22), the findings highlight 

the need to consider socio-demographic factors and wider determinants of behaviour 

(factors outside of the individual).  These may affect the success of an intervention 

by influencing implementation, mechanisms of impact and outcomes (Moore et al., 

2014) and should therefore be taken into account in any workplace PA intervention.  

Recommendations for promoting PA and reducing sedentary time in the Devon and 

Cornwall and Dorset Police forces (which are likely to be relevant at a national or 

international level) are described fully in Chapter 4.  Some of these 

recommendations had an impact on policy and practice (see section 8.6). 

 

8.4.2 Q2. Is mHealth and fitness technology (the Fitbit® and Bupa Boost app) a 

feasible and acceptable intervention in the police force? 

 

Quantitative findings: Survey findings suggested that the intervention was 

acceptable to police officers and staff.  Engagement according to self-reported usage 

data was high (for example, 83% of survey respondents were still wearing the Fitbit® 

at 8 months), but engagement with the Bupa Boost app was lower and declined 

more rapidly over time (only 27% of respondents were still using the app at 8 

months).  Usability and usefulness ratings showed that the Fitbit® was perceived as 

more user friendly and useful in promoting PA than the Bupa Boost app. 
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Qualitative findings: Qualitative survey and interview findings confirmed, explained 

and expanded on the quantitative results.  Interviews confirmed high overall 

perceived acceptability of the intervention, with higher acceptability of the Fitbit® 

compared with the Bupa Boost app.  The interviews provided in-depth views on 

positive and negative aspects of the two intervention components, and suggestions 

to improve the technology were made by participants.  Some of these were general, 

for example the Bupa Boost app was viewed as difficult to navigate, while other 

comments were context-specific.  As an example, the Fitbit® was seen as practical to 

wear with the police uniform, but it was suggested that its algorithm for capturing 

activity data could be adapted for night shift workers.  Some participants perceived 

duplication in function of the Fitbit® and Bupa Boost app, with many preferring to use 

the Fitbit® on its own. 

As shown in the logic model (Figure 22), there was a clear link between 

engagement with the intervention and perceived usability and usefulness.  Low 

perceived usability and/or usefulness were the main reasons for lack of engagement, 

which determined the ability of the intervention to change behaviour, i.e. exposure to 

mechanisms of impact.  Engagement was also influenced by convenience and 

accessibility, health status and motivation. 

Although experiences of the intervention were positive overall, the qualitative data 

highlighted some potential negative consequences of mHealth and fitness 

technology use for a small number of individuals.  These included skin irritation as a 

result of Fitbit® wear, and negative psychological effects including feelings of failure 

and guilt when not meeting goals, and anxiety and cognitive rumination resulting 

from tracking activity and sleep. 

The intervention was perceived as feasible, acceptable and cost-effective by 

managers, commissioners and occupational health staff.  It was feasible to 

implement and deliver, although some participants needed additional technical 

support for issues such as lost or malfunctioning devices. 
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Contribution to knowledge: A major contribution of this study was to explore 

engagement and acceptability, which are of central importance yet understudied and 

underreported in the mHealth literature (McCallum et al., 2018).  The quantitative 

and qualitative findings together indicated high feasibility and acceptability of the 

intervention at all levels of the police force, for officers and staff as well as for 

managers, commissioners and occupational health staff.  This was the first known 

study to explore the acceptability of mHealth and fitness technology in the policing 

context.  The detailed qualitative feedback from study participants will be helpful for 

others looking to develop or evaluate similar mHealth interventions, and the context-

specific feedback will be a valuable guide for those planning interventions for the 

police force or more generally for the emergency services or shift workers. 

The study used qualitative methods and investigated engagement with the 

intervention in the longer term, topics that have been underdeveloped in existing 

studies (Yardley et al., 2016, McCallum et al., 2018).  The findings underlined the 

importance of perceived usability and usefulness as key determinants of 

engagement, which provided support for the Technology Acceptance Model (Davis, 

1989, Holden and Karsh, 2010) (see Chapter 6).  Additional determinants of 

engagement – convenience and accessibility, health status, and motivation – 

matched those identified in a recent systematic review by Simblett and colleagues 

(Simblett et al., 2018).  The present study produced some novel findings in relation 

to changes over time, and the differential impact of these factors in the short and 

longer term.  For example, while health status consistently influenced engagement, 

usability and usefulness issues became a more frequent cause of disengagement as 

the study progressed.  The results also suggested that constant engagement with 

mHealth technology may not be necessary for sustaining behaviour change in the 

longer term, a much debated issue in the mHealth literature (Yardley et al., 2016, 

Perski et al., 2017). 

A further contribution was the identification of potential negative physical and 

psychological consequences of mHealth technology use.  The present study is one 

of only a few to explore these qualitatively.  The findings add support to this limited 

evidence base (Brakenridge et al., 2016b, Kanstrup et al., 2018, Gowin et al., 2015) 

and highlight the importance of considering and preparing for such outcomes. 
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While the intervention was feasible to implement and deliver in the police forces 

involved, the findings suggested a need for input from all organisational levels and 

additional support from a workplace champion or technical specialists.  This is 

consistent with the findings of existing ‘real-world’ mHealth studies (Torquati et al., 

2018, Harrison et al., 2014).  This knowledge will assist future researchers, 

intervention developers and designers of workplace wellbeing programmes. 

 

8.4.3 Q3. Does the intervention assist police officers and staff in increasing physical 

activity and reducing sedentary time?  If so, who is likely to benefit most? 

 

Quantitative findings: There was evidence of increased self-reported PA in both 

the short term (including total weekly PA and moderate-to-vigorous PA (MVPA) at 6 

weeks and 12 weeks) and longer term (increased MVPA at 8 months), but there 

appeared to be no overall impact on objective daily step count.  The results of 

subgroup analysis and exploratory regression indicated that the less active officers 

and staff (those achieving an average daily step count of less than 10,000 at 

baseline) appeared to show the greatest benefits from mHealth technology use.  

This group showed large and significant increases in both objectively measured PA 

(i.e. Fitbit®-recorded steps) and self-reported PA, in the short and longer term.  For 

example, the less active officers and staff showed a mean increase in total PA of 

approximately 42 minutes per week from baseline to 8-month follow-up.  Logistic 

regression also indicated that older officers and staff (those aged over 40 years) and 

those with fewer than 10 years of police force service showed greater increases in 

steps (controlling for baseline PA level).  Although self-reported sedentary time 

showed a small reduction from baseline to 8 months (mean decrease of 0.24 hours 

per day), this was not statistically significant. 

 

Qualitative findings: Interview data supported the quantitative findings, adding 

strength to the conclusions that the intervention did result in increased PA, and 

particularly for those who were less active at baseline.  There was evidence of 

perceived increases in PA over the short and longer term.  The interviews helped to 

explain why for some participants self-reported PA increased but there was no 
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significant change in steps, with those participants instead focusing on alternative 

activities to walking and running, where it had not been practical to wear the Fitbit® 

(e.g. swimming, boxing) or where activity might not have been recorded as steps 

(e.g. gym activity, strength training). 

Qualitative interviews were also valuable in explaining how the intervention worked 

(see ‘mechanisms of impact’ in Figure 22).  Using the COM-B model as a framework 

(Michie et al., 2011a) (see Chapter 6), the Fitbit® and Bupa Boost app enhanced 

psychological capability, reflective and automatic motivation, and social opportunity.  

Several BCTs were identified from the CALO-RE taxonomy (Michie et al., 2011b) 

(introduced in Chapter 3) as having played a role, and key behavioural mechanisms 

identified in interviews included goal-setting, self-monitoring and awareness, self-

regulation, social support and social comparison (see Chapter 6 for a full 

discussion).  There was also evidence of longer-term behaviour change including 

habit formation (Fitbit® wear and PA routines), enhanced self-efficacy and changes 

in mind set regarding PA.  Behaviour change was most pronounced for the less 

active officers and staff.  There was evidence of a ceiling effect for those who were 

already active and motivated at baseline; many of these interviewees perceived that 

the intervention had led them to maintain rather than increase their existing PA 

levels. 

Confirming the quantitative findings, the majority of those interviewed perceived little 

impact of the intervention on sedentary time.  Qualitative data explained that this was 

mainly due to perceived pressure of work and organisational culture/social norms 

where breaks were not perceived as appropriate. 

 

Contribution to knowledge: The findings support those of our systematic review 

presented in Chapter 2, which indicated that mHealth technology is a potentially 

impactful means for promoting PA in a workplace setting (Buckingham et al., 2019).  

The work extends knowledge by providing evidence that this applies to a novel 

occupational setting (the police force) and that mHealth may lead to both short- and 

long-term behaviour change in this context.  Many existing studies have been short 

in duration and/or have shown little evidence of longer-term behaviour change 

(Fanning et al., 2012, Bort-Roig et al., 2014, Afshin et al., 2016, Stephenson et al., 
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2017), so the finding that an mHealth intervention has the potential to produce 

relatively long-term behaviour change is important to the research field.  The findings 

supported the COM-B model of behaviour change (Michie et al., 2011a) and the 

CALO-RE taxonomy (Michie et al., 2011b) in explaining mechanisms of impact.  This 

is an important contribution as our understanding of how mHealth technology works 

to promote behaviour change is limited due to the lack of a theoretical basis of many 

mHealth tools (activity monitors and apps) and poor reporting of intervention 

components (Bort-Roig et al., 2014, Direito et al., 2017). 

Although precise estimates of effect sizes could not be obtained in this uncontrolled 

study, there was evidence of statistically and potentially clinically significant 

increases in PA.  Bringing the quantitative and qualitative findings together strongly 

suggested that the less active officers and staff may benefit most, a similar finding to 

existing mHealth studies in other populations (Schrager et al., 2017, Xian et al., 

2017).  A unique contribution of the present study was to qualitatively explore 

differences in levels of motivation and to relate these to behaviour change, 

comparing individuals with low and high intrinsic motivation.  Behaviour change was 

most pronounced for those who were less active and less motivated at baseline.  

Increases in steps in the less active subgroup were similar in magnitude to those 

reported by other workplace mHealth interventions for PA (Brakenridge et al., 2016b, 

Poirier et al., 2016, Gremaud et al., 2018).  Increasing daily steps has previously 

been associated with many health benefits, including a lower risk of cardiovascular 

events (Yates et al., 2014), improved insulin sensitivity and reduced adiposity (Dwyer 

et al., 2011) and lower all-cause mortality (Dwyer et al., 2015).  Increasing PA has 

similarly been associated with positive health outcomes, with the greatest 

improvements observed amongst those who change from performing no activity to 

some activity (Blair and Connelly, 1996, Arem et al., 2015, Warburton and Bredin, 

2017).  The increases in both total weekly PA and MVPA are therefore likely to be 

clinically important for all participants in the PAW-Force study, but the greatest 

health benefits are likely to be gained by those who were less active at the beginning 

of the study.  The novel finding that older officers and staff and those with fewer 

years of policing service may show greater benefit (i.e. greater increases in PA 

levels) should also be explored further.  The findings will inform which subgroups 

should be targeted in future interventions.   
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The intervention was less useful for reducing sedentary time; this echoes the 

findings of some similar studies of activity monitors and smartphone apps in 

workplace settings (Slootmaker et al., 2009, Torquati et al., 2018).  The qualitative 

findings supported the Socio-Ecological Model, reiterating the importance of context 

and external factors in changing behaviour.  The COM-B model was also supported 

in highlighting the need for more opportunities (both physical and social), including 

‘offline’ opportunities to be more active in the workplace.  There was also a 

perceived need for greater support from managers in taking breaks during the 

working day. 

 

8.4.4 Q4. Which intervention components are preferred and potentially most likely to 

result in behaviour change? 

 

Quantitative findings: The study found no differential impact of the ‘individual’ and 

‘social’ phases on steps, self-reported PA or sedentary time, in either the short or 

longer term.  The majority of participants (56%) preferred the individual components 

of the Fitbit® and Bupa Boost app (e.g. goal-setting, self-monitoring) compared with 

only 7% who preferred the social features.  There were no statistical differences in 

preferred phase by baseline activity level, age or occupation.  There was some 

evidence that females were more likely to prefer the individual phase while males 

were more likely to prefer the social phase. 

 

Qualitative findings: The interviews expanded on the above findings and revealed 

individual differences in preferences and perceived impact of the different 

intervention components.  Factors such as personality were important; for example, 

social features appealed to those with a competitive nature.  There was no 

qualitative support for the apparent gender differences in preferred intervention 

components, although this was not explored in depth.  The interviews provided 

further insight into which intervention components/app features were preferred and 

potentially most impactful.  For example, participants wanted rewards to be 

transparent, fair and for meaningful achievements, and preferred to compete against 

others of a similar age and fitness level to themselves. 
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Contribution to knowledge: The findings of no apparent difference in impact of the 

individual and social intervention components, and general preference for individual 

over social features, failed to provide support for social theories of behaviour change 

and contradicted the findings of some previous mHealth studies.  For example, 

social app features have been associated with higher activity levels than analytic and 

affective components (King et al., 2016).  Potential explanations for the observed 

lack of a difference may include low engagement with the Bupa Boost app and the 

fact that social components may be more important for longer-term engagement and 

behaviour change (Hamari and Koivisto, 2015, Du et al., 2016).  Alternatively the 

preference for individual intervention components may be a unique finding in the 

policing population or workplace context, which may require further exploration.  The 

finding does need to be interpreted with caution, however, as the aim of this study 

was to explore the potential impact and acceptability of individual and social 

components rather than to establish their definitive effectiveness. 

Individual differences in preferred and perceived impactful features again suggest 

the importance of tailoring and personalised interventions.  Potential gender 

differences suggested by the quantitative data could be explored further in future 

qualitative or mixed methods studies. 

Findings regarding perceptions of virtual rewards and competitions will be of value to 

future app designers and intervention developers.  The results supported previous 

findings that rewards in smartphone apps should be transparent (Middelweerd et al., 

2015), and also fair and for meaningful achievements in order to increase motivation.  

Competitions between users should ideally be for those of comparable age and 

fitness or activity level. 

 

8.4.5 Q5. Are there any wider benefits in terms of improved health and wellbeing, 

reduced stress, improved productivity and reduced sickness absence? 

 

Quantitative findings: Although at baseline there were correlations between 

objective and self-reported PA, physical and mental health-related quality of life, and 
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stress, there was no change in any secondary outcomes (health and wellbeing, 

stress or productivity) in the short or longer term (see Figure 22).  The only 

exception was mental health-related quality of life which showed a small but 

significant improvement from baseline to 8-month follow-up, although this was not 

correlated with PA.  It was also unclear whether this change was large enough to be 

clinically important.  Due to data quality issues, it was not possible to draw any 

definitive conclusions on sickness absence, although there was no significant 

change in the number of sickness episodes within the Plymouth BCU, and the 

number of duty days and total days lost due to sickness appeared to increase from 

pre- to post-intervention. 

 

Qualitative findings: The interviews confirmed the perceived links between PA and 

health and wellbeing, including sleep and stress.  In apparent contrast with the 

quantitative survey findings, several participants reported feeling fitter and healthier, 

less stressed and more energetic as a result of increased PA.  Potential explanations 

for this discrepancy suggested by interview data were that additional benefits such 

as weight loss, improved fitness and sleep were not captured as outcomes, and that 

the reported reductions in stress occurred mainly outside of the workplace.  The 

interviews also provided possible explanations for the survey-assessed long-term 

improvement in mental health-related quality of life, such as the use of relaxation and 

mindfulness features within the Fitbit® and Bupa Boost app, and improved morale 

and camaraderie resulting from social support and competitions. 

 

Contribution to knowledge: A major contribution of this study was the use of mixed 

methods to explore the potential wider impact of mHealth technology in a workplace 

intervention.  Previously, few studies had employed a mixed methods approach, and 

there was a particular gap in the use of qualitative methods to explore subjective 

views and perceptions (Howarth et al., 2018, Buckingham et al., 2019).  The 

qualitative findings were informative in explaining the observed longer-term 

improvement in mental health-related quality of life, and suggested other potential 

benefits that were not captured in the quantitative surveys.  The work highlighted 

some remaining gaps in evidence that will require investigation in future mHealth 
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trials, such as the impact on body mass index (BMI) and physiological outcomes 

(e.g. sleep and physiological indicators of stress). 

As our systematic review revealed, the impact of workplace mHealth and PA 

programmes on work-related outcomes such as productivity and sickness absence 

had been particularly under-researched (Buckingham et al., 2019).  While the impact 

on these outcomes remains unclear (conclusions are tentative due to data quality 

issues), the study findings of no impact on productivity and sickness absence closely 

match those of existing studies (Reijonsaari et al., 2012, Brakenridge et al., 2016b). 

 

8.4.6 Q6. Will a future larger scale effectiveness trial be feasible and acceptable in 

this context? 

 

Quantitative findings: Recruitment was rapid and efficient with the target of 150 

participants exceeded within the two-month recruitment period.  Study participants 

were representative of the wider police force sites in terms of age, gender and 

occupation, although the proportion of police staff in the study sample was slightly 

lower than expected relative to the Plymouth BCU site.  The attrition rate was 

reasonably low at 21%, and study completers and non-completers had a similar 

socio-demographic profile, although participants with a health condition at baseline 

were statistically more likely to drop out.  Outcome completion was high, with 83% of 

police officers and staff who remained in the study at month 8 completing the final 

follow-up questionnaire, although provision of step data was lower than that of self-

reported PA data.  While sickness absence was included as an outcome, there were 

issues with the availability, completeness and accuracy of data from staff records. 

 

Qualitative findings: The interview findings complemented, expanded on and 

explained the quantitative results relating to feasibility of the study methods.  The 

incentive of a free Fitbit® was revealed as an important factor in promoting 

recruitment, and participants perceived high reach, i.e. recruitment of a range of 

occupational groups.  Qualitative data offered possible explanations for higher 

dropout amongst those with a health condition, with health status as a barrier to PA 
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and engagement with the intervention.  Interviews added further support for high 

acceptability of study outcomes; high satisfaction with questionnaires and low 

perceived burden of completion were reported.  The interviews also explained why 

lower numbers of participants supplied step data; this was due to technical difficulties 

in obtaining and transferring these data.  Overall participants expressed very high 

satisfaction with their experience of study participation. 

 

Contribution to knowledge: The reflection on study methods based on both 

quantitative and qualitative data provided strong support for feasibility and 

acceptability of a larger scale effectiveness trial of this intervention (or similar future 

mHealth interventions) in the police force.  This  component of the work was 

comprehensive in comparison with many existing studies, and several of the aspects 

considered, such as reach and representativeness, have been underreported in the 

literature (Blackman et al., 2013, Buckingham et al., 2019).  The qualitative findings 

suggested some possible ways in which the conduct of future mHealth studies in a 

similar context could be further improved.  For example, the needs of those with 

chronic health conditions should be carefully considered to encourage engagement 

and retention, and alternative methods for capturing step data and/or support of a 

workplace champion may be required.   

A need for improved reporting of sickness absence data in the Devon and Cornwall 

and Dorset Police forces was identified; this would greatly facilitate future research.  

It is not known whether the data quality issues encountered are more widespread 

across other police forces. 

 

8.5 Strengths and limitations 

The findings should be interpreted in the light of some key strengths and limitations 

relating to the design, conduct and analysis of the PAW-Force study (strengths and 

limitations of the systematic review are discussed in Chapter 2 and section 8.2).  

The use of mixed methods, as recommended by the Medical Research Council 

(MRC) for the evaluation of complex interventions (Moore et al., 2014), is a major 

strength of this work.  Mixed methods were used for multiple purposes; in addition to 
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the quantitative findings being used to inform sampling for interviews and to aid 

analysis at an individual participant level, the qualitative findings from surveys and 

interviews were integrated during the interpretation phase to expand on, explain, and 

triangulate with (confirm and complement) the quantitative results.  These are all 

important functions of mixed methods research (Greene et al., 1989).  As a result of 

integrating qualitative data with quantitative results, a richer, more in-depth 

understanding was achieved, with the resulting knowledge greater than the sum of 

its quantitative and qualitative parts (Barbour, 1999).  Both comprehensiveness and 

validity of the findings were improved through the use of mixed methods.   

The inclusion of quantitative and qualitative feasibility outcomes (such as 

engagement and acceptability) was another key strength of the research, as these 

outcomes have been understudied in the fields of digital health and mHealth (Huang 

et al., 2019, McCallum et al., 2018).  Aspects such as implementation and delivery of 

the intervention, feasibility for the wider workforce, and feasibility of study methods 

were also assessed to give a comprehensive overview of feasibility and 

acceptability.  The key components of process evaluation – implementation, 

mechanisms of impact and context (Moore et al., 2014) – were integrated throughout 

the thesis.   

An additional strength and contribution was the relatively long duration of the study 

(8 months) which facilitated an analysis of short- and longer-term engagement and 

behaviour change.  In contrast, most previous studies of mHealth interventions for 

PA have been characterised by short-term interventions and follow-up (generally 

less than 6 months) (Fanning et al., 2012, Bort-Roig et al., 2014, Afshin et al., 2016). 

As this was an uncontrolled pilot study, the findings (particularly those in relation to 

impact) should be interpreted with caution.  This methodology was selected for 

practical reasons, which are described fully in Chapter 3.  The potential confounding 

of changes in PA levels by temporal or seasonal factors should not be ignored, as 

seasonal factors have been shown to influence levels of PA and SB, with individuals 

tending to be more active in spring and summer and more sedentary in winter 

(O'Connell et al., 2014).  The fact that activity levels increased in the present study 

despite the baseline measures being taken in summer, the 12-week follow-up in 
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autumn and the 8-month follow-up in winter adds support to suggest a positive 

impact of the intervention.   

Confidence in the conclusions is supported by several strengths of the study, 

including the capture of potential confounders (i.e. self-reported data on factors 

influencing PA levels), the incorporation of qualitative data, and use of multiple 

outcomes and multiple time points.  These are all recommended ways to improve the 

rigour of non-randomised studies (Craig et al., 2012, Moore et al., 2014). 

Some potential limitations surrounding data collection and analysis should be 

considered.  Firstly, these tasks were performed by a single researcher, and the 

possibility of researcher bias should be mentioned.  This was unavoidable due to 

resource limitations and the constraints of a PhD, although the potential for bias in 

survey data was minimal due to absence of any in-person contact when collecting 

outcomes.  Subjectivity in interpretation of interview data is a common issue in 

qualitative analysis (Tong et al., 2007) and it is possible that a different researcher 

would have interpreted the findings differently.  However, the potential influence of 

the researcher was considered reflexively (see Chapter 3) and the themes identified 

were checked by an independent researcher.  These are important ways to improve 

the rigour and quality of qualitative studies (Tong et al., 2007).   

Another limitation was the use of multiple hypothesis testing in the quantitative 

analysis.  There is therefore a potential for false positives or type 1 errors (Sedgwick, 

2014).  Future effectiveness studies with larger samples should consider correcting 

for this, for example using the Bonferroni method (Bland and Altman, 1995).  Again, 

the use of mixed methods, multiple outcomes and time points added strength to the 

findings. 

The decision to use Fitbit®-captured step counts as the primary outcome measure 

may be questioned, particularly as accelerometers are widely used in scientific 

studies and have high validity and reliability for capturing data on PA and sedentary 

time (Esliger et al., 2011, Kozey-Keadle et al., 2011).  Consultations with the Devon 

and Cornwall Police Health and Wellbeing Board indicated that wearing an 

accelerometer in addition to the Fitbit® would be considered burdensome, particularly 

for officers who already have to wear a uniform and carry weighty equipment.  This 

would have also posed logistical issues given the geographical dispersion of the 
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study participants.  Fitbit® data on step count is known to be valid and reliable 

compared with research-grade accelerometers in different settings (Evenson et al., 

2015, Feehan et al., 2018).  Although accelerometers would have provided an 

objective measure of sedentary time in the PAW-Force study, this was not felt to be 

essential as reducing SB was a secondary aim.  Nevertheless, future intervention 

studies should use objective, valid and reliable measures of PA and SB wherever 

possible. 

The diversity and representativeness of the overall participant sample (which 

included both urban and rural police sites), and the relatively large sample size (n = 

180) are strengths of this research.  Recruitment of volunteers may be seen as a 

weakness, as many participants were already moderately active, motivated and at 

the later ‘stages of change’ of the Transtheoretical Model (Prochaska and 

DiClemente, 1983).  However, opportunistic sampling is a commonly used method in 

workplace mHealth interventions (Buckingham et al., 2019) and it is a common 

experience that workplace PA programmes tend to attract those with higher levels of 

motivation and activity (Bravata et al., 2007).  Nevertheless, participants with a range 

of baseline activity levels were recruited in the present study.  A benefit of this was 

an improved understanding of how the intervention worked by enabling a 

comparison between the less active/motivated and sufficiently active/motivated 

participants.  As a result of purposive sampling, interview participants were also 

diverse and representative of the study sample. 

The extent to which the findings can be applied more widely within the police force 

nationally or internationally must be considered.  It is recognised that the setting of 

the study (police forces in South West England) is specific.  In line with the 

pragmatist approach taken in this research, it is argued that the findings are neither 

entirely context-specific nor generalisable, but transferable to other settings.  It is 

important to maximise the use of knowledge gained and make the most appropriate 

use of that knowledge in other circumstances (Morgan, 2007).  The limitations of the 

the PAW-Force study resulting from its uncontrolled pilot design and data collection 

procedures are recognised.  However, the detailed assessment of how the 

intervention was implemented, how it worked to change behaviour, and contextual 

factors, will be valuable in improving external validity and transferability of the 

findings to future interventions in similar settings (O'Cathain et al., 2013).  Many of 
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the contextual issues identified are likely to be commonly experienced within the 

policing occupation and other service occupations.  For example, shift work is likely 

to be a common barrier to PA, and lack of time, pressure of work and lack of access 

to exercise facilities have been previously identified as barriers to PA in the police 

force (Soroka and Sawicki, 2014, Lagestad and Van Den Tillaar, 2014).  The high 

ecological validity of this study, conducted in a real-world setting, is an important 

strength that should be highlighted. 

 

8.6 Recommendations and impact 

Research impact is defined by Research England as “an effect on, change or benefit 

to the economy, society, culture, public policy or services, health, the environment or 

quality of life, beyond academia” (Research England, 2018, p83).  In addition to the 

contributions to academic knowledge (outlined in section 8.4 and summarised in 

section 8.8), the work produced a number of recommendations for the police force 

(see Chapter 4, section 4.9), which in turn had an impact on policy and practice in 

the Devon and Cornwall and Dorset Police. 

Engagement with stakeholders is an important aspect of impactful research (Fast 

Track Impact, 2019).  The police forces involved in the PAW-Force study were 

consulted throughout the research process.  Prior to the intervention being delivered, 

Health and Wellbeing Board meetings were attended by the researcher to develop a 

clear understanding of context and the needs of police officers, staff and the wider 

organisations.  The study protocol was presented as a central component of the 

wellness programme at the launch of ActivAte 2020; the audience at this event 

comprised over 50 stakeholders including the Chief Constables for Devon and 

Cornwall and Dorset Police, health and wellbeing leads, representatives of the 

College of Policing, and champions of the Bupa Boost app.  At the end of the study, 

the findings were disseminated (see Appendix 7 for summary findings report) and 

used to inform discussions and policy decisions at Health and Wellbeing Board 

meetings in Plymouth, Exeter and Dorset. 

Following the recommendations of this work and ongoing consultations within the 

organisations, the Health and Wellbeing Strategic Coordination Group for Devon and 
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Cornwall and Dorset Police introduced discretionary wellness sessions for police 

officers and staff.  These sessions may be used for PA or other activities to support 

health and wellbeing.  It is anticipated that this new policy may contribute to a 

change in organisational culture, and may positively influence attitudes and 

perceptions relating to PA and the appropriateness of breaks in sedentary time in the 

workplace.  Attitudinal and cultural changes are two important types of research 

impact (Fast Track Impact, 2019). 

As a result of the research, the Chief Medical Officer for Devon and Cornwall Police 

made the decision to include Fitbits® (but not the Bupa Boost app) in the future 

police force wellbeing programme.  The results informed which groups of individuals 

should be targeted (i.e. the less active and most sedentary).  The Chief Medical 

Officer perceived that the intervention had a positive impact at an individual and 

organisational level:  

“We are now planning to use Fitbits in our lifestyle programme.  The intention 
is that they will be offered to people who are essentially sedentary and 
wanting to be more active, probably linked to a weight loss programme and 
healthy eating.  This is part of our implementation plan for 2019/20.  However, 
I don't think we will be promoting Bupa Boost in the future.  The overall impact 
on the participants and the BCU has been positive in terms of individual 
wellbeing and organisational morale and culture.” 

Professor John Harrison, Chief Medical Officer, Devon & Cornwall Police 

 

There was also evidence of impact outside of the Devon and Cornwall and Dorset 

Police forces.  Participants’ views on usability and usefulness of the Bupa Boost app 

were fed back to Bupa.  These will be used to guide future development of this app 

and any similar apps designed by Bupa.  In addition, as a result of this work, there 

has been interest from other police forces (such as Avon and Somerset Police) in 

implementing similar mHealth programmes, with a particular interest in the use of 

Fitbits® to promote PA. 

 

8.7 Directions for future research 

Rigorous experimental studies are important for all research.  However, there is an 

increasing movement towards alternative methods to the randomised controlled trial 
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(RCT) approach for future evaluations of mHealth interventions.  Technology-based 

interventions have several unique features which pose problems with RCT studies, 

including their rapidly changing nature, complexity with multiple interacting 

components, and infeasibility of including a control group or blinding participants 

(Arigo et al., 2019).  Alternatives including n-of-1 studies, factorial trials and the 

Multiphase Optimisation Strategy (MOST) have been proposed as more appropriate 

and efficient for such interventions (Dallery et al., 2013, Pham et al., 2016, McCallum 

et al., 2018, Arigo et al., 2019).  These types of designs also allow participants to act 

as their own control which minimises between-individual variation and allows efficient 

assessment of the relative impact and acceptability of various intervention 

components.  Future studies should use robust methods such as factorial and 

crossover designs, to assess the definitive effectiveness of the different components 

(e.g. individual versus social components or specific BCTs).  This was not possible in 

the present study due to practical considerations and its feasibility nature. 

Following the PAW-Force study as an example, future studies evaluating mHealth 

interventions should clearly identify and report the component BCTs.  There may be 

a need to develop new behaviour change taxonomies (or adapt existing taxonomies) 

that can readily be applied to eHealth and mHealth, which differ from ‘traditional’ 

interventions in both the nature of the intervention and the way in which they are 

delivered.  The theoretical basis should be clear to enable understanding, replication 

and development of useful interventions that promote effective behaviour change. 

It is recommended that future studies of mHealth interventions for PA should aim to 

recruit less active participants, as the present study showed that these individuals 

were most in need of intervention, and also benefited most and showed the greatest 

behaviour change.  There is clear evidence that individuals who change from being 

inactive to at least somewhat active also experience the greatest improvements to 

health, including reduced morbidity and mortality (Blair and Connelly, 1996, Arem et 

al., 2015, Warburton and Bredin, 2017).  Further subgroup differences suggested by 

the present study (such as impact according to age and years of policing service) 

should be explored in more depth.  The relative impact and acceptability of individual 

and social components should be examined in different populations and contexts.  

The potential for negative consequences of mHealth technology use should not be 
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overlooked, and the needs of workers with chronic health conditions (both physical 

and psychological) should be a key consideration. 

Although the present study included a wide range of officers and staff working in 

urban and rural settings, future studies in the policing context should recruit from a 

wider range of sites and police forces.  For example, metropolitan police forces 

outside of Devon, Cornwall and Dorset are quite different in terms of the nature of 

the role and socio-demographics of police officers and staff (e.g. greater ethnic 

diversity).  There is also a need to extend and explore the use of mHealth technology 

in other workplace settings, including the emergency services and shift workers. 

The impact of mHealth interventions and PA programmes on secondary outcomes 

such as health, wellbeing and stress, and on work-related outcomes such as 

productivity and sickness absence, should be investigated further as this is still 

unclear.  The systematic review found limited evidence for an impact on these 

outcomes, and in the PAW-Force pilot study, quantitative evidence of the health, 

wellbeing or productivity benefits of increasing PA and/or using the technology did 

not become apparent over 8 months.  In this study, the ability to draw definitive 

conclusions on sickness absence was hindered by a lack of complete and accurate 

data from the organisations involved.  The outcome of productivity (incorporating 

presenteeism) was captured using the absenteeism and presenteeism questions of 

the Health and Work Performance Questionnaire (HPQ); this was selected for its 

widespread applicability and known validity, reliability and sensitivity to change 

(Kessler et al., 2003, Kessler et al., 2004).  However, the reliance on self-report, 

which may be subject to various biases such as recall and social desirability bias, is 

a limitation that should be addressed by future studies.  A need for a standardised 

definition and standardised measures of presenteeism has been recognised 

(Cancelliere et al., 2011, Brown et al., 2011).  Future studies could use more 

objective measures of productivity such as targets met or assessments of work 

performance.    Where possible, standardised and objective measures of primary 

and secondary outcomes should be used in preference to self-report.  Future studies 

could also include physiological and clinical health outcomes such as cholesterol, 

blood pressure and BMI.  Studies with larger samples and longer-term follow-up will 

be necessary to elucidate the effects on secondary outcomes. 
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While the findings of the PAW-Force study supported the use of mHealth technology 

as a standalone intervention for the promotion of PA in the police force, it was clear 

that wider contextual factors were of vital importance, particularly for SB.  The 

importance of external influences on SB has previously been recognised in the 

literature, with an ecological approach recommended for interventions (Owen et al., 

2011, Spence et al., 2016).  It is therefore recommended that future studies aiming 

to reduce SB in the workplace should use multi-component interventions, with 

‘offline’ components (such as standing desks or walking meetings) to complement 

the ‘online’ or technological aspects.  Interventions that are specifically designed to 

target SB (Prince et al., 2014), and that incorporate environmental cues and 

restructuring (Bond et al., 2014, Gardner et al., 2016) are likely to be successful.  

Multi-component interventions may also help to enhance the impact of mHealth 

technology on PA (Schoeppe et al., 2016, Nuffield Health, 2018, Buckingham et al., 

2019).  Multi-level interventions that target multiple tiers of an organisation are 

recommended.  The involvement of internal workplace champions to promote 

engagement and to assist in the day-to-day running and oversight of such 

interventions should also be encouraged. 

Based on the findings of the systematic review and PAW-Force study, a summary of 

recommendations for the design and conduct and future mHealth intervention 

studies in workplace settings is given in Figure 23.  Overall, there is a need for 

further high quality mixed methods studies that use alternatives to RCT designs, in a 

wider range of workplace settings, in order to address the remaining knowledge gaps 

surrounding the usefulness of mHealth interventions in promoting PA, reducing SB 

and improving health and wellbeing.  A focus on longer-term engagement, 

acceptability and impact of mHealth interventions should be central in future 

research. 
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Figure 23 Recommendations for the design and conduct of future mHealth intervention studies 
in workplace settings 

 
 
 
 

Intervention 
Design 

 
 
 
 

 Clearly identify and report the theoretical basis of 
interventions (e.g. coded BCTs) 

 Multi-level interventions with the support of individuals 
at various organisational ‘tiers’ are recommended 

 Workplace wellness champions may help to promote 
engagement, assist with data collection etc. 

 Ensure adequate technical support (staff, time, 
resources) is available 

 Multi-component interventions that take a socio-
ecological approach may be more successful 

 
 
 
 
 
 
 
 

 
Research 
Methods 

 
 
 
 

 

 Use robust study designs, not necessarily RCTs (e.g. 
factorial trials, crossover trials, MOST) 

 Use mixed methods to explore impact/effectiveness, 
feasibility, acceptability and engagement 

 Duration of interventions and follow-up should be 
maximised – aim for ≥6 months 

 Recruit a diverse range of staff, in a range of 
occupations, with targeted recruitment of those most in 
need of intervention (e.g. less physically active) 

 Consider behaviour both within and outside the 
workplace 

 Explore the wider impact on health and wellbeing, 
productivity and sickness absence 

 Objective outcome measures should be used where 
possible for primary and secondary outcomes.  Where 
this is not possible, standardised questionnaires 
should be used. 

 Consider potential negative physical and/or 
psychological consequences of technology use, and 
record any adverse effects 
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8.8 Summary of contributions of the PhD 

In bringing together the fields of workplace wellness, mHealth and behaviour 

change, this PhD project has made several important contributions.  The main 

contributions to knowledge are summarised in Table 70.  The study methods and 

resulting findings will be a useful template for future intervention designers, mHealth 

developers and researchers.  For example, unlike many previous mHealth studies, 

the intervention was fully described with clear coding of BCTs, analysed using a 

mixed methods approach, and evaluated using relevant theories and MRC guidance.  

The findings are also of practical benefit to the police force, and have already had a 

direct impact on policy and practice (outlined in section 8.6).  Finally, the findings 

are of more general relevance to employers who are considering including an 

mHealth component in future workplace wellness programmes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



332 

 

Table 70 Summary of main contributions to knowledge of the PhD 

What is already known 
 

What this study adds 
 

Mobile health (mHealth) 
technology is a popular, low 
cost and accessible tool which 
offers the potential to promote 
PA and improve public health. 
 
 

Despite the low methodological quality of many 
studies, there is reasonable evidence that mHealth 
interventions are potentially effective, feasible and 
acceptable for promoting PA in workplace settings. 

Policing is an increasingly 
sedentary and highly stressful 
occupation.  There is a need 
for interventions to increase 
PA and reduce SB in officers 
and staff. 
 
 

An mHealth intervention (Fitbit® activity monitor and 
Bupa Boost app) in the police force was potentially 
impactful for increasing PA, feasible to deliver and 
acceptable at all organisational levels. 
 
Officers and staff who are less active may benefit 
most.  There was higher observed and perceived 
impact and greater perceived acceptability in this 
group. 
 
Context and external factors are of central 
importance, particularly for reducing SB.  
Opportunities to take breaks in the workplace and 
support from managers should be given.  Multi-
component interventions (with online and offline 
components) that target barriers at different levels 
of the Socio-Ecological Model may be more 
successful than standalone mHealth interventions. 
 

mHealth interventions are 
associated with declining 
engagement over time and 
may be most acceptable and 
impactful in the short term. 
 
Factors influencing 
engagement include usability, 
perceived usefulness, 
convenience and accessibility, 
health status, and motivation. 
 
 
 

mHealth technology may be used successfully to 
promote longer-term behaviour change (up to 8 
months after beginning the intervention), including 
habit formation, changes in mind set and improved 
self-efficacy. 
 
Perceived usability and usefulness are the main 
factors that influence engagement with mHealth 
technology.  Convenience and accessibility, health 
status and motivation are also influential.  The 
nature and relative importance of these factors may 
change over time. 
 
Continued use of mHealth technology is not 
necessarily required to sustain healthy behaviours. 
 

Social features of mHealth 
technology (e.g. social support 
and competitions) may be 
associated with greater 
engagement and/or behaviour 
change than individual 
components. 

Individual components (e.g. self-monitoring and 
goal-setting) may be preferred to, and potentially as 
impactful as, social features in certain contexts or 
populations (such as the police force).  However, 
there are large individual differences in 
preferences. 
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8.9 Conclusions 

This thesis adds to the growing body of evidence that supports the use of mHealth 

technology to promote PA in the workplace.  A systematic review found that mHealth 

interventions in workplace settings are potentially effective, acceptable and feasible 

for promoting PA, at least in the short term.  A mixed methods pilot study of an 

mHealth intervention in a previously unstudied setting, the police force, showed that 

the use of a Fitbit® activity monitor and ‘Bupa Boost’ app was a feasible, acceptable 

and potentially impactful way to increase PA within this context. 

This research contributes to filling a gap in evidence surrounding the longer-term 

acceptability and impact of mHealth technology; for the majority of officers and staff, 

engagement with the technology and associated behaviour change was sustained in 

the longer term.  A further important finding was that those in greatest need of 

intervention, the less active officers and staff, experienced the greatest benefits.  

This standalone mHealth intervention was less useful for reducing sedentary time; 

the work highlights the importance of wider socio-ecological factors, and the need for 

multi-component interventions to reduce sedentary time in the workplace.   

The impact on secondary outcomes, including health-related quality of life, stress, 

productivity and sickness absence, remains unclear.  There is a need for further high 

quality, mixed methods studies in a range of workplace settings to explore the use of 

mHealth technology in the reduction of SB and the wider impact on health, wellbeing 

and productivity.  In addition to the contributions to academic knowledge, the findings 

of this study were used to inform health and wellbeing policy and practice in the 

police forces involved. 
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APPENDICES 

 

Appendix 1: Systematic review documentation 

1a. Systematic review protocol  

The systematic review protocol is registered with PROSPERO at: 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD420170588566  

 

Title 

Mobile health interventions to promote physical activity and reduce sedentary 

behaviour in the workplace: a systematic review 

 

Project team 

Sarah Buckingham 
Dr. Andrew James Williams  
Dr. Karyn Morrissey 
Prof. John Harrison 
Dr. Lisa Price 
 

Background 

Physical inactivity is considered one of the biggest public health problems of the 21st 

century (Blair, 2009).  Failing to meet the recommended guidelines is associated 

with an increased risk of morbidity due to cardiovascular disease, cancer and 

metabolic syndrome (Wannamethee and Shaper, 2001, Liu et al., 2016, Metzger et 

al., 2010) and general mortality (Arem et al., 2015, Dwyer et al., 2015).  There is now 

also substantial evidence that sedentary behaviour is an independent predictor of 

poor health and mortality (Owen et al., 2010, Dunstan et al., 2011, Wilmot et al., 

2012). 

Interventions to increase physical activity (PA) levels and reduce sedentary 

behaviour (SB) are clearly vital.  The workplace is viewed as an important setting for 

health promotion and disease prevention (Institute of Occupational Safety and 

Health, 2015).  Around half of weekday sitting time is work-related (Miller and Brown, 

2004, Kazi et al., 2014) and up to 71% of working hours in office workers are spent 

sedentary (Clemes et al., 2014).  Occupational sedentary time is predicted to further 

increase in future with rises in automation and information technology use 

(Hendriksen et al., 2016a).  Promotion of PA in the workplace has many potential 

benefits, including improved health and wellbeing of employees and economic 

benefits for employers (Hendriksen et al., 2016b). 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD420170588566
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Mobile health (mHealth) technology has rapidly gained popularity in the general 

population.  mHealth technology includes wearable PA monitors or trackers and 

smartphone applications (apps) designed to help people to manage their own health 

and wellbeing.  The potential value of mHealth in health promotion lies in its 

widespread appeal, accessibility and ability to reach large populations at a low cost 

(Sullivan and Lachman, 2016).  It also offers the potential for tailoring of interventions 

to the needs of individuals or specific groups. 

Studies have investigated the use of mHealth to promote PA in a range of settings, 

including the workplace (Sullivan and Lachman, 2016).  Whilst the results of clinical 

and general population studies suggest that mHealth may be a feasible and cost-

effective way to promote PA (Direito et al., 2017), the findings of existing reviews 

have been inconclusive.  Some reviews have reported nonsignificant effects of 

mobile technology on PA levels (Flores Mateo et al., 2015), and where beneficial 

effects are reported, effect sizes have generally been small (Fanning et al., 2012, 

Bort-Roig et al., 2014, Muntaner et al., 2016, Direito et al., 2017).  Additional 

limitations of previous reviews are the inclusion of studies where mHealth devices 

were used as a data collection tool rather than as an intervention in their own right 

(O'Reilly and Spruijt-Metz, 2013, Bort-Roig et al., 2014), and a lack of a 

comprehensive description of interventions and study procedures (Fanning et al., 

2012).  Furthermore, apart from two recent exceptions (Schoeppe et al., 2016, 

Direito et al., 2017), few reviews of mHealth interventions have assessed both PA 

and SB outcomes. 

Identification of behaviour change techniques (BCTs) using standardised taxonomies 

is important for recognition of effective and acceptable components, to allow 

replication and comparison of interventions, and to facilitate further development and 

testing of theories (Abraham and Michie, 2008).  There is also evidence that 

including established BCTs is associated with greater intervention effectiveness 

(Greaves et al., 2011).  Despite this, previous reviews have concluded that many 

mHealth interventions lack an explicit theoretical basis (Fanning et al., 2012, Bort-

Roig et al., 2014) and it remains unclear which components are most effective and 

accepted (Sullivan and Lachman, 2016).  Identification or coding of included BCTs, 

and identifying the theoretical basis of existing studies are therefore important gaps 

to address. 

As mHealth is such a rapidly progressing field due to advances in technology, 

studies have increased exponentially in a short space of time.  Early reviews 

predominantly comprised studies of text messaging (SMS) interventions but the 

emergence of new technologies (e.g. tablets, commercial wearable activity monitors, 

and ‘exergaming’) means the evidence should be frequently reviewed in order to 

accurately reflect the current status.  Furthermore, the use and effectiveness of 

mHealth interventions in specific population groups remains unclear (Schoeppe et 

al., 2016).  It is important to consider setting or context in the evaluation of mHealth 

interventions as due to their complex nature, various components may produce 

different outcomes for different individuals in different settings (McCallum et al., 

2018).  Workplace mHealth interventions may differ from general interventions in 

terms of both intervention content and timing of effectiveness (Stephenson et al., 
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2017).  To the authors’ knowledge, there has been no previous systematic review of 

mHealth technology for promoting PA and reducing SB in workplace settings.  A 

recent review of general digital health interventions in the workplace concluded that 

the evaluation of smartphone apps in this context is an important ‘next step’ for 

future research (Howarth et al., 2018). 

Employee populations potentially have much to gain from mHealth interventions for 

PA and SB, yet little is known about the impact of this technology in a workplace 

context.  Feasibility and acceptability are important aspects to consider but remain 

understudied and underreported (McCallum et al., 2018).  This review will therefore 

aim to provide a comprehensive synthesis of current evidence in relation to the 

effectiveness, feasibility and acceptability of mHealth interventions in the promotion 

of PA and reduction of SB in the workplace.  This will include a description of 

intervention content in terms of common BCTs using an established behaviour 

change taxonomy, and a consideration of subgroup differences and the wider impact 

of interventions on health and related outcomes. 

 

Review questions 

 Are mobile health (mHealth) interventions effective at increasing physical 

activity levels and reducing sedentary behaviour in a workplace setting? 

 Are such interventions feasible and acceptable in a workplace setting? 

 What are the most commonly used behaviour change techniques and 

theories? 

 Is there any evidence for subgroup differences (e.g. age, gender, shift 

workers, different occupations) in the effectiveness (or acceptability) of 

workplace mHealth interventions? 

 Are any other related outcomes (e.g. health, wellbeing, productivity) improved 

after mHealth interventions for physical activity promotion? 

 Where are the gaps in current knowledge surrounding the use of mHealth 

technology in physical activity promotion, and what are the implications for 

future research? 

 

Search strategy 

The following resources will be used: 

 The electronic databases MEDLINE, SPORTDiscus, Scopus, EMBASE, 

PsycINFO and Web of Science using both free text searching and controlled 

vocabulary  

 The Cochrane library including: 

o Cochrane Database of Systematic Reviews (CDSR) 

o Cochrane Central Register of Controlled Trials (CENTRAL) 

o Database of Abstracts of Reviews of Effect (DARE) 

o Health Technology Assessment (HTA) 

 Grey literature 
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o Dissertations and theses (ProQuest Dissertations and Theses Global) 

o mHealth Evidence 

o ‘Fitabase’ research library (studies using the Fitbit® activity tracker) 

o Other reputable grey literature 

 Reference lists of included articles and other published related systematic 

reviews (backward citation searching) 

 Forward citation searching using Google Scholar and Web of Science 

 

The search will include studies with a publication date between 2007 and 2017 

(February).  No language restriction will be applied.   

 

Types of study to be included 

A range of study designs will be considered, including experimental (e.g. randomised 

controlled trials), quasi-experimental (e.g. pre-post/uncontrolled trials) and 

observational (e.g. cohort trials).  Pilot and feasibility trials may be included if they 

meet the inclusion criteria. 

 

Types of study to be excluded 

 Review articles, narrative reviews, editorials, opinions and letters, and reports 

published as conference abstracts or proceedings only 

 Studies that report only qualitative data 

 Studies with insufficient methodological details to allow critical appraisal or 

replication 

 Non-human studies (i.e. animals, computer models) 

 Clinical population studies and studies of school, college or university based 

students 

 Studies which do not include a valid measure of physical activity or sedentary 

behaviour 

 

Condition/domain being studied 

Physical activity and sedentary behaviour 

 

Participants/population and context 

Free-living, working adults (18+ years).  Participants should be either recruited in the 

workplace and/or the intervention should be delivered in the workplace (although 

may be designed as a general lifestyle intervention). 
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Intervention/exposure 

Interventions/programmes with mHealth as a major component of the intervention 

(mobile phone, smartphone apps, personal digital assistants (PDAs), tablets, 

wearable activity monitors/trackers (commercial or research grade)).  Smartphone 

apps for monitoring of physical activity alone or with other behaviours (e.g. diet, 

weight) may be included.  Interventions of any duration will be included. 

A mobile device should form part of the intervention, not be used only as a data 

collection tool.  The intervention does not need to be completely automated and may 

include a human-delivered or facilitated component, such as meetings or telephone 

contacts.   

Web-only interventions, and interventions involving text messaging (SMS) or 

traditional pedometers (i.e. not able to transmit data to a consumer interface) alone 

will be excluded. 

 

Comparator/control 

For experimental studies there should be a control group or comparator (i.e. those 

not exposed to the intervention, usual care, wait-list group). 

For quasi-experimental and observational studies, as a minimum, pre- and post-

exposure data should be available. 

 

Outcomes 

Primary outcomes (essential for inclusion): 

Any measure of physical activity and/or sedentary behaviour (e.g. MET-minutes, 

weekly minutes of moderate-to-vigorous physical activity (MVPA), step count, 

sedentary time or patterns of sedentary behaviour). 

The outcome may be objective or self-reported, and may comprise occupational 

physical activity alone or in combination with non-occupational activity. 

 

Secondary outcomes 

Any other related outcomes, such as: 

 Anthropometrics and cardiometabolic risk factors, for example body mass 

index, weight, waist circumference, waist-hip ratio, body composition, 

biomarkers (e.g. cholesterol), blood pressure, fitness level 

 Self-reported or objective physical or psychological health measures, 

wellbeing assessments or quality of life 

 Health service usage 

 Productivity measures 

 Sickness absence 
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Study selection procedures 

Study selection 

The results of all electronic searches will be imported into EndNote reference 

management software.  All duplicate papers will be carefully identified and excluded.  

Two independent reviewers (SB and AJW) will screen the titles and abstracts of all 

retrieved articles for relevance, using the pre-specified inclusion and exclusion 

criteria.  Full paper or electronic copies of all potentially relevant studies will be 

obtained.  Any disagreements regarding inclusion will be resolved through 

discussion and involving a third reviewer (KM) where necessary.  

 

Data extraction and quality assessment 

Standardised data abstraction forms, including quality assessments, will be 

completed by SB and verified by AJW.  Any disagreements will be resolved by 

consensus and a third reviewer (KM) will be involved as necessary. 

The review team will use a suitable quality assessment tool (i.e. the Effective Public 

Health Practice Project (EPHPP) quality assessment tool for quantitative studies) to 

evaluate study quality and assess the risk of bias.  The general principles of the NHS 

Centre for Reviews and Dissemination and the Cochrane Collaboration will be 

applied to the quality assessment. 

 

Data synthesis and analysis 

Data collected in extraction forms will be summarised in evidence tables, including 

study characteristics and results.  The following study characteristics will be 

reported: authors; year of publication; country; participants (number and 

characteristics); setting; study design; the intervention (type of mHealth/tool, 

intervention components, motivational strategies/behaviour change techniques, 

duration and frequency); comparison groups; length of follow-up; primary and 

secondary outcome measures.  The results table will include analysis methods used 

and key findings for each study, including any subgroup findings and comments on 

engagement and attrition. 

Effects of the intervention will be assessed using meta-analysis of pooled effect 

sizes for physical activity and sedentary behaviour outcomes where possible (e.g. 

weighted mean difference using both fixed and random effects models).  Data 

synthesis and meta-analysis will be performed in Stata (version 14.0) and RevMan 

(version 5.3).  Forest plots will be produced for primary outcomes.  If meta-analysis 

is not possible, narrative review will be used instead. 

Heterogeneity of study populations, interventions, methods and outcomes will be 

explored descriptively and statistically using the Chi-square test for homogeneity and 
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the I2 statistic.  Small study effects (including publication bias) will be assessed 

visually using funnel plots and quantified using Egger’s statistic. 

 

Analysis of subgroups or subsets  

If sufficient comparable data are available, findings will be synthesised according to 

subgroups of interest such as gender, age, type of setting/occupation, shift- vs. non-

shift work, type of mHealth intervention (e.g. wearable physical activity 

monitors/trackers, smartphone apps) and objectively measured vs. self-reported 

outcomes.  Subgroup data will be reported in summary tables and forest plots. 

 

Conduct and reporting 

The systematic review will be conducted and reported in accordance with the 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 

statement. 

 

Dissemination plans 

Findings will be reported in a peer-reviewed journal, and at national or international 

conferences. 
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1b. Additional files 2 and 3 of published paper 

 

Additional File 2: Master search strategy 

 

Intervention: mHealth OR m-health OR “mobile health” OR (mobile adj3 (program* 

or intervention* or app* or device)) OR “mobile phone” OR (cell* phone) OR 

cellphone OR smartphone OR “smart phone” OR PDA OR “personal digital 

assistant” OR tablet OR (smart* adj2 (sensor or app*)) OR (wearable adj3 (monitor 

or tracker or device)) OR (activity adj2 (monitor or tracker or device)) OR (digital adj3 

(monitor or tracker or device)) OR (mobile gam*) OR exergam* 

AND 

Outcome: “Physical activity” OR PA OR exercise OR fitness OR inactiv* OR 

sedentar* OR sitting OR “screen time” OR “leisure activity” OR walk* OR step* OR 

sport* 

AND 

Population/Setting: Worksite* OR work-base* OR workplace* OR worker* OR 

occupation* OR employ* OR profession* OR organi?ation* OR office* 
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Additional File 3: Example search strategy for Ovid MEDLINE® 
 

1. exp Telemedicine/    

2. mHealth.ti,ab.    

3. exp Cell Phones/    

4. m-health.ti,ab.    

5. "mobile health".ti,ab.    

6. exp Mobile Applications/    

7. (mobile adj3 (program* or intervention* or app* or device)).ti,ab.    

8. "mobile phone".ti,ab.    

9. (cell* phone or cellphone).ti,ab.    

10. exp Computers, Handheld/ or exp Smartphone/    

11. (smartphone or smart phone).ti,ab.    

12. PDA.ti,ab.    

13. "personal digital assistant".ti,ab.    

14. tablet.ti,ab.    

15. (smart* adj2 (sensor or app*)).ti,ab.    

16. (wearable adj3 (monitor or tracker or device)).ti,ab.    

17. (activity adj2 (monitor or tracker or device)).ti,ab.    

18. (digital adj3 (monitor or tracker or device)).ti,ab.    

19. exp Fitness Trackers/    

20. mobile gam*.ti,ab.    

21. exp Video Games/    

22. exergam*.ti,ab.    

23. exp Exercise/    

24. "physical activity".ti,ab.    

25. PA.ti,ab.    

26. exercise.ti,ab.    

27. exp Physical Fitness/    

28. fitness.ti,ab.    

29. inactiv*.ti,ab.    
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30. exp Sedentary Lifestyle/    

31. sedentar*.ti,ab.    

32. sitting.ti,ab.    

33. "screen time".ti,ab.    

34. "leisure activity".ti,ab.    

35. exp Walking/ or exp Walk Test/    

36. walk*.ti,ab.    

37. step*.ti,ab.    

38. exp Sports/    

39. sport*.ti,ab.    

40. exp Work/    

41. (worksite* or work-base* or workplace* or worker*).ti,ab.    

42. exp Occupations/    

43. occupation*.ti,ab.    

44. exp Occupational Health/    

45. employ*.ti,ab.    

46. organi?ation.ti,ab.    

47. office*.ti,ab.    

48. profession*.ti,ab.    

49. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 

17 or 18 or 19 or 20 or 21 or 22    

50. 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 

37 or 38 or 39    

51. 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48    

52. 49 and 50 and 51    

53. limit 52 to (humans and yr="2007 -Current") 
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1c. Search and screening log 

 

 

 

 

 

 

 

   

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Database Host Limits Date Hits 

Medline in-process & 
other non-indexed 
citations, 1946-2017 

Ovid SP Publication date 2007 to 
Feb 2017 
Humans 

21/2/17 502 

Embase 
1974-2017 

Ovid SP Publication date 2007 to 
Feb 2017 
Humans 
Including articles in 
press and InProcess 
status.  Excluding 
conference abstracts. 

21/2/17 230 

PsycINFO 
1806-2017 

Ovid SP Publication date 2007 to 
Feb 2017 
Humans 

21/2/17 233 

Web of Science Core 
Collection (Science 
Citation Index 
Expanded, Social 
Sciences Citation Index, 
Emerging Sources 
Citation Index) 
Inception-Feb 2017 

Thomson 
Reuters 

Publication date 2007 to 
Feb 2017 

21/2/17 701 

SPORTDiscus 
Inception-Feb 2017 

EBSCO 
host 

Publication date 2007 to 
Feb 2017. 
Publication type = 
academic journal, book, 
electronic resource, 
monograph or 
government document, 
periodical, primary 
source document, 
proceeding, report, 
serial publication, thesis 
or dissertation, trade 
publication, URL 

27/2/17 279 

Scopus 
Inception-Feb 2017 

Elsevier Publication date 2007 to 
Feb 2017. 
Subject area = 
Medicine, Health 
Professions, Social 
Sciences, Psychology, 
Multidisciplinary 
Source type = journals, 
books, book series, 
undefined 

27/2/17 719 

Cochrane Library 
(CDSR, CENTRAL, 
DARE and HTA) 
Inception-Feb 2017 

Cochrane Publication date 2007 to 
Feb 2017 

27/2/17 151 

Total 2815 
(1892 after 
removal of 
923 
duplicates) 
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Five additional records were identified through other sources (one from Proquest, 

one from Fitabase, one from citation searching using Google Scholar, one from 

reference lists of systematic reviews – Kirk et al. 2016, one from reference list of 

included articles – Finkelstein et al. 2016). 

1897 records in total (from databases and grey literature/other sources) after 

removal of duplicates. 

 

Title and Abstract Screening 

Reviewer 1 (SAB):  

1824 excluded at title and abstract 

73 included for full text 

 

Reviewer 2 (AJW):  

1827 excluded at title and abstract 

70 included for full text  

 

Combined: 

Disagreed on 47 

Agreed on 1850 

Discussed and agreed to obtain full text for 71 papers 

 

Full Text Screening 

Full text articles excluded: 

Not a mobile health intervention / text messaging only (n = 18) 

Protocol studies and conference proceedings (n = 7) 

Non-workplace setting (e.g. clinical, community) (n = 21) 

PA / sedentary behaviour not a primary outcome (n = 5) 

Review articles or not a primary research study (n = 2) 

Articles for inclusion: n = 18 (15 studies) 
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Updated Searches 

Searches re-run in February 2018 (publication date February 2017 to February 

2018): 

Ovid Medline 

Ovid Embase 

Ovid PsycINFO 

Web of Science 

SPORTDiscus 

Scopus 

Cochrane Library 

 

5 new articles (4 studies) met the criteria for inclusion in the review (Gilson et al. 

2016; Gilson et al. 2017; Losina et al. 2017; Neil-Sztramko 2017; Yeung et al. 2017). 

 

Searches re-run in December 2018 (publication date March 2018 to December 

2018): 

Ovid Medline  

Ovid Embase  

Ovid PsycINFO  

Web of Science  

SPORTDiscus  

Scopus  

Cochrane Library  

 

7 new articles (6 studies) met the criteria for inclusion in the review (Gremaud et al. 

2018; Olsen et al. 2018; Patel et al. 2018; Reed et al. 2018; Simons et al. 2018a; 

Simons et al. 2018b; Torquati et al. 2018). 
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1d. Data extraction form and quality assessment tool 

 

Data extraction form 

Name of reviewer: Date: 

 

Bibliographic details 

Authors: 

Title: 

 

Year (publication): 

Citation: 

 

Study 

Country: Setting: 

Study design:  

Funding source: 

Data collection year(s): 

Notes: 

 

Population (baseline characteristics) 

 Intervention  Control / 
comparator 

Overall 

No. of participants 
 

   

Age in years (mean 
and SD and/or 

range) 

   

% male 
 

   

% female 
 

   

Ethnicity 
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Other baseline 
characteristics (e.g. 

overweight) 

   

 

Main exclusion criteria: 

 

 

Control 

Was there a control or comparison group? 

Yes ☐ No ☐ 

If yes, how were the control group treated? 

 

 

Intervention 

Type of mHealth technology/tool (tick all that apply): 

Smartphone app ☐  

Tablet or PDA ☐ 

Wearable activity monitor or tracker ☐ 

Other please specify: 

 

Further description of intervention (including type of app or device): 

 

 

 

Was it a standalone mHealth intervention or part of a multi-component programme? 

Standalone mHealth ☐ Multi-component ☐ 

If multi-component, please give details: 

 

Was the intervention based on a named behaviour change theory? 

Yes ☐ No ☐ 

If yes, please state theory: 
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Which motivational strategies/behaviour change techniques were included in the 

intervention?  

Goal-setting ☐ Self-monitoring ☐ 

Prompts/cues ☐ Feedback ☐ 

Rewards (virtual or real) ☐ Social support ☐ 

Social comparison/competition ☐ 

Other please specify: 

 

Duration of intervention: 

 

Frequency of intervention (if applicable): 

 

 

Outcomes: 

Primary: 

 

 

Secondary: 

 

 

Method of assessment: 

Objective ☐ Self-reported ☐ 

Both ☐ 

 

Details of assessment method(s) (e.g. surveys, interviews, accelerometers): 

 

 

Duration of follow-up: 

 

Outcome assessment points: 
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Analysis (e.g. inferential statistics, ITT, per protocol, clustering): 

 

 

Results 

 

 Intervention  Control Total 

No. randomised/ 
beginning study 

   

No. lost to follow-up    

Attrition rate (%)    

 

Any notes on engagement/attrition: 

 

 

Main results (effect size with 95% CI, p-values): 

Outcome Within-group findings Between-group findings 

  
 
 

 

  
 
 

 

  
 
 

 

  
 
 

 

  
 
 

 

 
 
 

  

 

Subgroup findings (if applicable): 
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Additional findings (e.g. qualitative): 

 

 

 

 

 

 

 

 

 

 

Additional notes (e.g. strengths, limitations, recommendations for future research): 
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Quality assessment tool for quantitative studies (EPHPP) 

 

STUDY: 

COMPONENT RATINGS  

A) SELECTION BIAS  

(Q1) Are the individuals selected to participate in the study likely to be 

representative of the target population?  

 1. Very likely  

 2. Somewhat likely  

 3. Not likely  

 4. Can’t tell  

 

(Q2) What percentage of selected individuals agreed to participate?  

 1. 80 - 100% agreement  

 2. 60 – 79% agreement  

 3. less than 60% agreement  

 4. Not applicable  

 5. Can’t tell  

RATE THIS SECTION  STRONG  MODERATE  WEAK  

See dictionary  1  2  3  

 

 B) STUDY DESIGN  

Indicate the study design  

 1. Randomized controlled trial  

 2. Controlled clinical trial  

 3. Cohort analytic (two group pre + post)  

 4. Case-control  

 5. Cohort (one group pre + post (before and after))  

 6. Interrupted time series  

 7. Other specify ____________________________  

 8. Can’t tell  
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Was the study described as randomized? If NO, go to Component C.  

No   Yes  

If Yes, was the method of randomization described? (See dictionary)  

No   Yes  

If Yes, was the method appropriate? (See dictionary)  

No   Yes 

RATE THIS SECTION  STRONG  MODERATE  WEAK  

See dictionary  1  2  3  

 

C) CONFOUNDERS  

(Q1) Were there important differences between groups prior to the 

intervention?  

 1. Yes  

 2. No  

 3. Can’t tell  

 

The following are examples of confounders:  

 1. Race  

 2. Sex  

 3. Marital status/family  

 4. Age  

 5. SES (income or class)  

 6. Education  

 7. Health status  

 8. Pre-intervention score on outcome measure  

 

(Q2) If yes, indicate the percentage of relevant confounders that were 

controlled (either in the design (e.g. stratification, matching) or analysis)?  

 1. 80 – 100% (most)  

 2. 60 – 79% (some)  

 3. Less than 60% (few or none)  
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 4. Can’t Tell  

  

RATE THIS SECTION  STRONG  MODERATE  WEAK  

See dictionary  1  2  3  

 

D) BLINDING  

(Q1) Was (were) the outcome assessor(s) aware of the intervention or 

exposure status of participants?  

 1. Yes  

 2. No  

 3. Can’t tell  

 

(Q2) Were the study participants aware of the research question?  

 1. Yes  

 2. No  

 3. Can’t tell  

RATE THIS SECTION  STRONG  MODERATE  WEAK  

See dictionary  1  2  3  

 

E) DATA COLLECTION METHODS  

(Q1) Were data collection tools shown to be valid?  

 1. Yes  

 2. No  

 3. Can’t tell  

 

(Q2) Were data collection tools shown to be reliable?  

 1. Yes  

 2. No  

 3. Can’t tell  
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RATE THIS SECTION  STRONG  MODERATE  WEAK  

See dictionary  1  2  3  

 

F) WITHDRAWALS AND DROP-OUTS  

(Q1) Were withdrawals and drop-outs reported in terms of numbers and/or 

reasons per group?  

 1. Yes  

 2. No  

 3. Can’t tell  

 4. Not Applicable (i.e. one time surveys or interviews)  

 

(Q2) Indicate the percentage of participants completing the study. (If the 

percentage differs by groups, record the lowest).  

 1. 80 -100%  

 2. 60 - 79%  

 3. less than 60%  

 4. Can’t tell  

 5. Not Applicable (i.e. Retrospective case-control)  

RATE THIS SECTION  STRONG  MODERATE  WEAK   

See dictionary  1  2  3  Not 

applicable 

 

G) INTERVENTION INTEGRITY  

(Q1) What percentage of participants received the allocated intervention or 

exposure of interest?  

 1. 80 -100%  

 2. 60 - 79%  

 3. less than 60%  

 4. Can’t tell  
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(Q2) Was the consistency of the intervention measured?  

 1. Yes  

 2. No  

 3. Can’t tell  

 

(Q3) Is it likely that subjects received an unintended intervention 

(contamination or co-intervention) that may influence the results?  

 1. Yes  

 2. No  

 3. Can’t tell  

 

H) ANALYSES  

(Q1) Indicate the unit of allocation (circle one)  

community   organization/institution   practice/office   individual  

(Q2) Indicate the unit of analysis (circle one)  

community   organization/institution   practice/office   individual  

(Q3) Are the statistical methods appropriate for the study design?  

 1. Yes  

 2. No  

 3. Can’t tell  

(Q4) Is the analysis performed by intervention allocation status (i.e. intention 

to treat) rather than the actual intervention received?  

 1. Yes  

 2. No  

 3. Can’t tell  
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GLOBAL RATING  

COMPONENT RATINGS  

See dictionary for guidance on how to rate this section, available from: 

http://www.ephpp.ca/PDF/QADictionary_dec2009.pdf 

A SELECTION BIAS STRONG 
1 

MODERATE 
2 

WEAK 
3 

 

B STUDY DESIGN STRONG 
1 

MODERATE 
2 

WEAK 
3 

 

C CONFOUNDERS STRONG 
1 

MODERATE 
2 

WEAK 
3 

 

D BLINDING STRONG 
1 

MODERATE 
2 

WEAK 
3 

 

E DATA 
COLLECTION 
METHOD 

STRONG 
1 

MODERATE 
2 

WEAK 
3 

 

F WITHDRAWALS 
AND DROPOUTS 

STRONG 
1 

MODERATE 
2 

WEAK 
3 

Not 
applicable 

 

GLOBAL RATING FOR THIS PAPER (circle one):  

1 STRONG (no WEAK ratings)  

2 MODERATE (one WEAK rating)  

3 WEAK (two or more WEAK ratings)  

With both reviewers discussing the ratings:  

Is there a discrepancy between the two reviewers with respect to the component (A-

F) ratings?  

No      Yes  

If yes, indicate the reason for the discrepancy  

1. Oversight  

2. Differences in interpretation of criteria  

3. Differences in interpretation of study 

 

Final decision of both reviewers (circle one):  

1 STRONG  

2 MODERATE  

3 WEAK 

 

http://www.ephpp.ca/PDF/QADictionary_dec2009.pdf
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Appendix 2: Ethics committee approval letter 
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Appendix 3: Sample size calculations 

All calculations were performed in Stata version 14.0, using the paired test 

comparing two correlated means.  Based on 80% power and 5% significance level (p 

= 0.05). 

Primary Outcome Variable: Step Count 

Large variation in effect sizes reported in existing trials – e.g. a systematic review of 

internet and mobile interventions for improving diet, physical activity, obesity, 

tobacco and alcohol use found that the increase in step count from baseline to 

follow-up ranged from 900 to 4500 steps/day (Afshin et al., 2016)  

(Wang et al., 2016) - Fitbit mobile app use – change in daily step count from baseline 

to 6 week follow-up: 6228 (SD = 468) to 6773 (SD = 481) (p = 0.04, n = 22) 

(Poirier et al., 2016) - activity tracker and internet-based adaptive walking 

programme.  Intervention group (n = 107) change in daily step count from baseline to 

6 week follow-up: 5102 (SD = 1901) to 5411 (SD = 2277). Sedentary group (n = 58) 

change in daily step count from baseline to follow-up: 3769 (SD = 970) to 4363 (SD 

= 1517) 

(Fukuoka et al., 2010) - mobile phone PA intervention for sedentary women (n = 42).  

Increase in total steps from 5394 (95% CI 4563–6224) to 6210 (95% CI 5379–7041) 

over three weeks. 

(Bort-Roig et al., 2014) - systematic review: three pre-post studies reported effects 

on step count.  Mean physical activity increases ranged from 800 to 1,104 steps per 

day.  

(Ganesan et al., 2016) - international mobile health intervention (n = 36,562).  Mean 

increase in step count of 3,519 steps (95% confidence interval 3,484 to 3,553 steps). 

There is a large variation in effect sizes in studies using the outcome of step count, 

but mean increase in daily step count ranges from 300 to 1000 or higher, with 

standard deviations (SD) of approximately 500 to 2000. 

 

Table 1: Estimated sample size based on common standard deviation of 1000 

Mean difference in daily 
step count 

Correlation 

0.3 0.5 0.8 

300 125 90 37 

500 46 34 15 

800 20 15 8 

1000 14 10 10 
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Table 2: Estimated sample size based on common standard deviation of 2000 

Mean difference in daily 
step count 

Correlation 

0.3 0.5 0.8 

300 491 351 142 

500 178 128 53 

800 71 52 22 

1000 46 34 15 

 

Assuming a correlation of 0.3 for pre- and post-intervention outcomes, a sample size 

of 125 would be needed to detect a mean difference in daily step count of 300 (with 

a standard deviation, SD, of 1000), or assuming a correlation of 0.5, a sample size of 

128 would be needed to detect a mean difference of 500 steps (with SD of 2000). 

 

IPAQ Outcomes: Weekly minutes of moderate-to-vigorous physical activity 

(MVPA) 

As with step count, the magnitude of effect size is variable; a systematic review 

found change in total duration of physical activity ranged from 1.5 to 153 

minutes/week (Afshin et al., 2016).  

(Thompson et al., 2016) - mean weekly minutes of MVPA in community-dwelling 

men = 852 mins (SD = 386) (accelerometry/commercial activity monitor-derived).  

The authors recommended aiming for a post-intervention target of around 1000 

minutes. 

 

Table 3: Estimated sample size based on weekly minutes of moderate-to-vigorous physical 

activity (MVPA) (based on Thompson et al., 2016) 

Mean weekly 
minutes of 

MVPA – pre-
intervention 

Mean weekly 
minutes of 

MVPA – post-
intervention 

Standard 
deviation 

(pre-
intervention) 

Correlation 

0.3 0.5 0.8 

852 1000 386 77 56 24 

 

 

SF-12 Health Survey 

The SF-12 is based on a national norm (18+ years) score of 50 (where 0 = lowest 

level of health and 100 = highest level) and SD of 10.0.  The clinically important 

difference for SF-12 is one standard deviation (i.e. 10-point difference) (Shulman et 

al., 2010, Clement et al., 2014).  However, a smaller change (e.g. 3 points) may be 

expected in the study population. 
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Table 4: Estimated sample size based on mean change in SF-12 of 3 points 

Mean change in 
SF-12 score 

Standard 
deviation  

Correlation 

0.3 0.5 0.8 

3 10 125 90 37 

 

Based on the above, a sample size of 128 will be sufficient to detect: 

 A change in mean daily step count of 300 (SD = 1000) assuming a correlation 
of 0.3 for pre- and post-intervention outcomes 

 A change in mean daily step count of 500 (SD = 2000) assuming a correlation 
of 0.5 for pre- and post-intervention outcomes 

 An approximate mean increase in weekly minutes of moderate-to-vigorous 
physical activity (MVPA) of 150 (SD = 386) assuming a correlation of 0.3 for 
pre- and post-intervention outcomes 

 A mean increase in SF-12 score of 3 points (SD = 10) assuming a correlation 
of 0.3 for pre- and post-intervention outcomes 
 

To allow for around 15% attrition over time, it was decided to increase the sample 

size to 150.   

(Due to higher than expected demand for participation and an ample supply of Fitbit® 

devices, sample size was later increased to 180 to allow for a higher attrition rate of 

approximately 25-30%.) 

 

Sample size calculations were not performed for the Perceived Stress Scale (PSS-4) 

and WHO Health and Work Performance Questionnaire (HPQ) (absenteeism and 

presenteeism) as these were secondary outcomes and there were few comparative 

studies.  This was particularly the case for the short version (absenteeism and 

presenteeism) of the HPQ as it is a relatively new outcome measure. 
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Appendix 4: Participant documents 

4a. Main study: Participant information sheet 

 
 

 

 

The PAW-Force (Physical Activity Wearables in the Police Force) Trial  
 

INFORMATION SHEET FOR PARTICIPANTS 
VERSION NUMBER [  2  ]: DATE [  07/03/17  ] 

 
Thank you for showing an interest in this project.  Please read this information sheet 
carefully before deciding whether or not to participate.  
 
What is the aim of the project? 
 
This project is being undertaken as part of a PhD in Medical Studies with the 
University of Exeter.  The main aim is to determine the impact of introducing 
wearable fitness technology (personal activity monitors linked to a smartphone app) 
as a motivator for increasing physical activity within the police force.  We will look at 
which features of the app are most effective and who they work best for.  The project 
will also look at the wider effects of physical activity on health, wellbeing and stress, 
and absence and personal perceived productivity in the workplace.  
 
Description of participants required 
 
We are looking for male and female participants of all ages, who are currently 
employed at either the Plymouth Basic Command Unit of the Devon & Cornwall 
Police or at the North Dorset site of the Dorset Police.   
 
It doesn’t matter if you have or haven’t used a physical activity monitor before, as 
long as you have a smartphone or tablet (Apple or Android 4.0.3 or higher), with 
Bluetooth and internet access, that you are able to use during the study*.  We are 
looking for participants with various levels of fitness, from a range of occupations 
(including police officers, PCSOs, special constables and other police staff). 
 
What will participants be asked to do? 
 
Should you agree to take part in this project, you will be given an activity monitor 
(Fitbit Charge 2™) which you will be asked to wear on its own for a week, before 
linking it to the Bupa Boost app on your smartphone or tablet (you will be given 
instructions on how to register the activity monitor and link it to the app*).  We will 
ask you to set yourself some specific goals, including improving your daily step 
count, and record these on the app.  You will then be asked to continue to wear the 
Fitbit for the next 12 weeks while monitoring your activity levels and using various 
features of the app (we will tell you which features you can use and when).  After the 
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12 week period, you will be free to continue to use the activity monitor and app as 
you please for the next 5 months.   
 

Week 0 Weeks 1-6 Weeks 7-12 Week 13 to end of 
study (8 months 
from beginning) 

Beginning of 
study: Wear Fitbit 
on its own for a 

week 

Wear Fitbit and 
use ‘Bupa Boost’ 

app 

Wear Fitbit and use 
‘Bupa Boost’ app 
with colleagues 

Continue to wear 
Fitbit and use 

‘Bupa Boost’ app 
as desired 

 
 
You will be asked to complete an online questionnaire and send data on your step 
count (collected by the Fitbit) at four time points: the beginning of the study, after 6 
weeks, after 12 weeks, and after 8 months.  Again, you will be given clear 
instructions on how to do this.   
 
A small number of participants will be followed up by the researcher to take part in 
up to three short interviews, to find out more about their experience of using the 
fitness technology.  Interviews will take place at the beginning of the study, after 
12 weeks and after 8 months.  You can choose whether you want to be on the list 
for possible interviews at the beginning of the study.  Interviews will take place in 
your workplace or via phone or Skype at a time that is convenient to you. 
 
If you choose to give permission, we will also look at your individual staff sickness 
and absence records within your organisation.  Your personal details will be kept 
anonymous and will only be reported combined with the other participants. 
 
*The Bupa Boost app is available to download on iPhone 4S+, iPad (2nd Gen)+ and iPad 
Mini (1st Gen)+ devices running iOS 7.0 or later. It is supported by most Android devices – 
you can check compatibility on Google Play.  The Fitbit app works with most iOS and 
Android devices – you can check compatibility here: https://www.fitbit.com/uk/devices.  

 
Time commitment  
 
Taking part in the research project will involve giving up some time but we hope your 
involvement will be enjoyable and not too time-consuming overall.  The project will 
be carried out over 8 months.   
 
You will be asked to wear the Fitbit continuously (during waking hours and overnight 
if you are able to) for a total of 13 weeks initially, and over the following five months 
as you desire.   
 
Each of the four questionnaires should take no more than 15-20 minutes to complete 
(including sending your step count data).  Interviews are expected to last around 30 
minutes, and will be no longer than an hour.  
 

https://play.google.com/store/apps/details?id=com.bupa.boost&hl=en_GB
https://www.fitbit.com/uk/devices
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Will there be any cost to me in taking part? 
 
You will be expected to use your own smartphone or tablet to access the Fitbit and 
Bupa Boost apps, and you will also need access to a computer with internet access 
for completing the questionnaires and sending your step count data.  This will 
involve data usage which may incur a charge from your mobile network or internet 
service provider. 
 
Will I be able to keep the Fitbit at the end of the study? 
 
The Fitbits are property of the Devon & Cornwall Police.  The Force has agreed that 
participants may continue to use them after the study has finished, as long as they 
remain employed by either the Devon & Cornwall Police or Dorset Police. 
 
Can participants change their mind and withdraw from the project? 
 
You may withdraw from participation in the project at any time without any 
disadvantage to yourself of any kind.  Any data you have provided up to this point 
will be removed from our records at your request.  If you withdraw while using one of 
the wearable activity monitors this will need to be returned to your workplace. 
 
What data or information will be collected and what use will be made of it? 
 
What information are you collecting? 
 
We will collect information on your physical activity level at various time points.  This 
will include your step count, the time you have spent being inactive (sedentary time), 
and the time you have spent engaging in light, moderate and vigorous physical 
activity over the previous week. 
 
The questionnaires will collect some information about your background (e.g. 
ethnicity, marital status), your occupation, your general health status, stress, 
absence and personal perceived productivity at work.  We would also like to know 
how long you have spent using the activity monitor and app and how useful you 
found it. 
 
If you agree to take part we will keep some personal details such as your name, date 
of birth and work address for identification purposes during the study only.  All 
information you give will be kept completely confidential. 
 
What will be collected from the interviews?  
 
In the interviews we will ask you more about your experiences of using the wearable 
fitness technology and the impact it has had on your activity levels, health and 
wellbeing. 
 
 
Please note: 
 
The project involves an open-questioning technique where the precise nature of the 
questions asked have not been determined in advance, but will depend on the way in which 
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the interview develops.  Consequently, although the School Research Ethics Committee is 
aware of the general areas to be explored in the interview, the Committee has not been able 
to review the precise questions to be used. 
 
 In the event that the line of questioning does develop in such a way that you feel hesitant or 
uncomfortable, you are reminded of your right to decline to answer any particular question(s) 
and also that you may withdraw from the project at any stage without any disadvantage to 
yourself of any kind. 

 
What will my data be used for? 
 
Your individual data will be securely stored and accessed only by the research team 
and not passed to any external organisations.  Some data collected by Bupa Boost 
(goals set and achieved, activity, badges and wellness points) will be available to the 
police force, but this will all be anonymous and in a summary for the whole workforce 
(not you as an individual).  Bupa do not intend to collect any data for their own use. 
  
The overall findings may be used to inform a larger trial of wearable fitness 
technology within the Devon & Cornwall Police and Dorset Police.  Results of this 
project may be published but any data included will not be individually identifiable. 
 
What data will be shared with my colleagues? 
 
In weeks 7 to 12, we will ask you to link up with your colleagues in the Bupa Boost 
app.  If you wish, you will be able to share data on goals set and achieved, step 
count, badges and wellness points, and take part in competitions and group 
challenges.  You will have full control over which goals and information you choose 
to share and which you want to keep to yourself (we will tell you how to do this), and 
which colleagues you share these with.  It will not be possible to share private data 
such as date of birth and weight. 
 
Can I see a summary of the results? 
 
Participants will be given a summary of the findings at the end of the study, and 
provided with a copy of the final report on request. 
 
What if participants have any questions? 
 
If you have any questions about our project, either now or in the future, please feel 
free to contact either:- 
 
Sarah Buckingham (student) or Dr. Karyn Morrissey (supervisor) 
European Centre for Environment and Human Health (ECEHH), 
Knowledge Spa, Truro, TR1 3HD 
Tel: (01872) 255179 or (01872) 258158 
Email: sab246@exeter.ac.uk or K.Morrissey@exeter.ac.uk    
 
 
 
 
 

mailto:K.Morrissey@exeter.ac.uk
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Complaints 
 
If you have any complaints about the way in which this study has been carried out 
please contact the Co-chairs of the University of Exeter Medical School Research 
Ethics Committee:- 
Ruth Garside, PhD           or            Rob Anderson, PhD 
Co-chairs of the UEMS Research Ethics Committee   
Email:uemsethics@exeter.ac.uk 
 
This project has been reviewed and approved by the University of Exeter 
Medical School Research Ethics Committee (Reference Number: 17/02/116) 
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4b. Main study: Screening and consent forms  

 

The PAW-Force (Physical Activity Wearables in the Police Force) Trial  
 

CONSENT FORM FOR PARTICIPANTS : MAIN TRIAL 
VERSION NUMBER [  2  ]: DATE [ 07/03/17 ] 

 
I have read the Information Sheet Version Number [  2  ] Dated [ 07/03/17 ] 
concerning this project and understand what it is about.  All my questions have been 
answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
 
I agree to: 
 
1. Participate in the trial (involving wearing of a Fitbit physical activity monitor, 

use of the Bupa Boost app and completing online questionnaires);  

Yes/No                       

2. Use my own smartphone or tablet to access the Fitbit and Bupa Boost apps 

and my own PC to complete online questionnaires (which may incur data usage 

charges from my mobile network or internet service provider) 

Yes/No 

 

I know that: 

1. My participation in the project is entirely voluntary;       

Yes/No  

2. I am free to withdraw from the project at any time without any disadvantage; 

Yes/No  

3. My personal details and individual questionnaire data will be retained in 

secure storage and accessed only by the research team;       

Yes/No 

4. I have full control over the data (i.e. goals set and achieved, step count, 

badges and wellness points) I choose to share in the Bupa Boost app and which 

colleagues I share this with; 

Yes/No   
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5. Data on my physical activity goals may be shared with the police force via 

Bupa Boost, but this will not allow identification of me as an individual; 

Yes/No 

6. The results of the project may be published but my anonymity will be 

preserved.        

Yes/No 

 

I agree to take part in this project. 

 

This project has been reviewed and approved by the University of Exeter Medical 

School Research Ethics Committee UEMS REC REFERENCE NUMBER: 17/02/116 
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The PAW-Force (Physical Activity Wearables in the Police Force) Trial 

 

CONSENT FORM FOR PARTICIPANTS : INTERVIEWS 

VERSION NUMBER [  2  ]: DATE [ 07/03/17 ] 

 

I have read the Information Sheet Version Number [  2  ] Dated [ 07/03/17 ] 

concerning this project and understand what it is about.  All my questions have been 

answered to my satisfaction.  I understand that I am free to request further 

information at any stage. 

 

I agree to: 

1. Take part in up to three interviews, which will involve open-questioning about 

my expectations and experiences of using the wearable fitness technology and 

physical activity  

Yes/No                     

 

I know that: 

1. My participation in the interviews is entirely voluntary;      

Yes/No 

2. I am free to withdraw from taking part in the interviews at any time without any 

disadvantage;         

Yes/No  

3. The audio recordings and interview transcripts will be retained in secure 

storage and accessed only by the research team;        

Yes/No  

4. The results of the project may be published but my anonymity will be 

preserved. 

Yes/No   

I agree to take part in this project. 

 

This project has been reviewed and approved by the University of Exeter Medical 

School Research Ethics Committee UEMS REC REFERENCE NUMBER: 17/02/116 
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The PAW-Force (Physical Activity Wearables in the Police Force) Trial  
  

CONSENT FORM FOR PARTICIPANTS : ATTENDANCE RECORDS 
VERSION NUMBER [  2  ]: DATE [ 07/03/17 ] 

 

I have read the Information Sheet Version Number [  2  ] Dated [ 07/03/17 ] 

concerning this project and understand what it is about.  All my questions have been 

answered to my satisfaction.  I understand that I am free to request further 

information at any stage. 

 

I agree to: 

1. Allow my staff attendance record including sickness and absence data to be 

accessed by the research team;  

Yes/No                     

2. Allow data to be collected on absence time and reasons for sickness absence 

just prior to and for the duration of the study.  

Yes/No 

 

I know that: 

1. My participation in this aspect of the study is entirely voluntary;      

Yes/No  

2. I am free to withdraw my data at any time without any disadvantage;        

Yes/No 

3. The data collected will be retained in secure storage and accessed only by 

the research team;       

Yes/No 

4. My personal details will be kept anonymous and all data collected will only be 

reported combined with the other participants.  

Yes/No 

I agree to take part in this project. 

 

This project has been reviewed and approved by the University of Exeter Medical 

School Research Ethics Committee UEMS REC REFERENCE NUMBER: 17/02/116 
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4c. Survey with managers, commissioners and occupational health staff: 
Participant information sheet 

 

 

 

 
The PAW-Force (Physical Activity Wearables in the Police Force) Trial 

 
INFORMATION SHEET FOR MANAGERS/COMMISSIONERS SURVEY 

VERSION NUMBER [  1  ]: DATE [  24/01/17  ] 
 

Thank you for showing an interest in this project.  Please read this information sheet 
carefully before deciding whether or not to participate.  
 
What is the aim of the project? 
 
This project is being undertaken as part of a PhD in Medical Studies with the 
University of Exeter.  The main aim is to determine the impact of introducing 
wearable fitness technology (personal activity monitors linked to a smartphone 
application) as a motivator for increasing physical activity within the police force.  We 
are assessing which features of the app are most effective and who they work best 
for.  The project is also looking at the wider effects of physical activity on health, 
wellbeing and stress, and absence and perceived productivity in the workplace.  
 
In addition to interviews with participants taking part in the trial regarding their 
experiences of using the technology and its impact on their physical activity levels, 
we would like to find out the opinions of some managers, commissioners and 
occupational health staff within the police force.  We would like your views on 
feasibility and acceptability of using such technology within your organisation, and 
effective and cost-effective ways to improve activity levels of police officers and staff. 
 
Description of participants required 
 
We are looking for managers, commissioners and occupational health staff who are 
currently employed by either the Devon & Cornwall Police or the Dorset Police 
Force. 
 
What will participants be asked to do? 
 
You will be asked to complete a brief online questionnaire. 
 
Time commitment  
 
The questionnaire should take around 10-15 minutes to complete. 
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Can participants change their mind and withdraw from the project? 
 
You may withdraw from participation in the project at any time without any 
disadvantage to yourself of any kind. 
 
What data or information will be collected and what use will be made of it? 
 
What information are you collecting? 
 
We will collect information on your occupation, recommended policies or strategies 
for improving physical activity levels within the workplace, your views on wearable 
fitness technology, and whether you think this might be an effective, cost-effective, 
acceptable and feasible intervention. 
 
What will my data be used for? 
 
The information you give will be securely stored, accessed only by the research 
team and not passed to any external organisations.  This study will test the research 
methods we are using and the findings will be used to inform a larger trial of 
wearable fitness technology within the Devon & Cornwall Police and Dorset Police.  
Results of this project may be published but any data included will not be individually 
identifiable.   
 
Can I see a summary of the results? 
 
Participants will be given a summary of the findings of the trial at the end of the 
study, and provided with a copy of the final report on request. 
 
 
What if participants have any questions? 
 
If you have any questions about our project, either now or in the future, please feel 
free to contact either:- 
 
Sarah Buckingham (student)  or  Dr. Karyn Morrissey  
Room F37b       (supervisor) 
European Centre for Environment and  European Centre for  
Human Health (ECEHH)  Environment and Human 
Knowledge Spa  Health (ECEHH) 
TR1 3HD        Knowledge Spa 

TR1 3HD 
        
University Tel. No:- (01872) 255179 University Tel. No:- (01872) 
Email address: sab246@exeter.ac.uk 258158 
 Email address: 

K.Morrissey@exeter.ac.uk    
 
 
 
 

mailto:sab246@exeter.ac.uk
mailto:K.Morrissey@exeter.ac.uk
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Complaints 
 
If you have any complaints about the way in which this study has been carried out 
please contact the Co-chairs of the University of Exeter Medical School Research 
Ethics Committee:- 
 
Ruth Garside, PhD           or            Rob Anderson, PhD 
Co-chairs of the UEMS Research Ethics Committee 
Email: uemsethics@exeter.ac.uk 

 
 
This project has been reviewed and approved by the University of Exeter 
Medical School Research Ethics Committee (Reference Number: 17/02/116) 
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4d. Survey with managers, commissioners and occupational health staff: 
Screening and consent form 

 

 

The PAW-Force (Physical Activity Wearables in the Police Force) Trial  
 

CONSENT  FORM  FOR  MANAGERS/COMMISSIONERS 
VERSION NUMBER [  1  ]: DATE [ 24/01/17 ] 

 
I have read the Information Sheet Version Number [  1  ] Dated [ 24/01/17 ] 
concerning this project and understand what it is about.  All my questions have been 
answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
 
 
I agree to: 
 

1. participate in this study and am happy to complete a 
questionnaire about the use of wearable fitness technology 
within the police force 

 
Yes/No 

 
 
I know that: 
 

1. my participation in the project is entirely voluntary;  Yes/No   
   

2. I am free to withdraw from the project at any time without any 
disadvantage; 

  Yes/No 

   
3. the data will be retained in secure storage;   Yes/No 
   
4. the results of the project may be published but my anonymity 

will be preserved. 
 

  Yes/No 

 
 
 
This project has been reviewed and approved by the University of Exeter 

Medical School Research Ethics Committee UEMS REC REFERENCE NUMBER 

17/02/116. 
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4e. Participant instructions/user guide for Fitbit® and Bupa Boost app 

 

Introduction 

Thank you for registering to take part in the Physical Activity Wearables in the police 

force (PAW-Force) study.  I am pleased to inform you that you are eligible to take 

part.  You will be given a Fitbit Charge 2 activity monitor which you will be asked to 

wear continuously (during waking hours and overnight if possible) for 13 weeks from 

Thursday 15th June. 

- Details of when/where to collect the Fitbit (North Dorset – Inspector’s 

office, Blandford Police Station and Plymouth – Admin Services Centre, 

Crownhill).  Deadline for collection 14th June. 

 

When you have collected the Fitbit you will be sent the first instructions via e-

mail.  You should not set up or start to wear the Fitbit until you receive these 

instructions.  Please do not remove the sticker from the screen! 

 

After Collecting the Fitbit: The First Week (sent to all participants at the same time).  

You should now have collected your Fitbit.  If not please collect it as soon as 

possible; Fitbits will be available for collection until Wednesday 14th June.  You 

should register and begin to wear the Fitbit on Thursday 15th June. 

Each Fitbit has a unique sticker to cover the screen – it is important that you do not 

remove this sticker until after you have worn the Fitbit for at least 8 days!  

What to do now: 

Registering the Fitbit: 

 First set up the Fitbit on your smartphone or tablet (see www.fitbit.com/setup).  

You will need to download the Fitbit app (from the App Store (Apple) or 

Google Play (Android)) and follow the on-screen instructions to set up the 

device.  See the following page for more help with setting up the Fitbit: 

http://help.fitbit.com/articles/en_US/Help_article/1873/?l=en_US&fs=Search&

pn=1 

 Register the Fitbit as prompted with your e-mail address and unique 

password.  Make sure you have read the terms and conditions and privacy 

policy carefully, including the medical information (see box below). 

http://www.fitbit.com/setup
http://help.fitbit.com/articles/en_US/Help_article/1873/?l=en_US&fs=Search&pn=1
http://help.fitbit.com/articles/en_US/Help_article/1873/?l=en_US&fs=Search&pn=1


376 

 

 

 Fill in details of your height, weight, age and gender as requested (this is used 

to calculate your Base Metabolic Rate (BMR) and personalised fitness 

statistics). 

 Select ‘I agree’ when you have read all terms and policies, then follow the on-

screen instructions to pair the Fitbit with the app.  If ‘update available’ screen 

appears in the app, select ‘Next’.  Keep the Fitbit close to your smartphone or 

tablet during setup – this may take up to 10 minutes! 

 Select ‘Next’ and follow the on-screen tutorial. 

 Select which wrist you will be wearing the Fitbit on when prompted – this 

should be your non-dominant wrist. 

 When you get to ‘Answer 3 questions so we can help you set the right goals 

for you’, CLOSE THIS SCREEN (select the ‘x’ on the top left of the screen).  

Don’t set any goals yet as this will be done when you start using Bupa 

Boost. 

 Go to the ‘General settings’ screen within the app (click on the Fitbit icon to 

get to this screen) and do the following: 

o Set ‘handedness’ and ‘wrist placement’ (this will be right handedness 

and left wrist placement for right-handed people, vice-versa for left-

handed people)  

o Turn ‘Reminders to Move’ off 

o Leave all other settings as default.  ‘All-Day Sync’ should be left on. 

 Verify your e-mail address by clicking on the link in the e-mail sent to you after 

registration.  This will allow you to log in to the Fitbit website later. 

 

 

 

It is important to read the ‘Consult your doctor before using the Fitbit service’ section 

of the Terms and Conditions.  If you have a medical or heart condition, you should 

consult your doctor before using the Fitbit or engaging in any exercise programme.  

You should also consult your doctor prior to use if you have epilepsy, are sensitive to 

flashing lights or are taking any photosensitive medicine, if you have reduced 

circulation or bruise easily, or have tendonitis, carpal tunnel syndrome or other 

musculoskeletal disorders. 

Some people may experience skin irritation when wearing the Fitbit.  To reduce the 

risk of irritation: 1. Keep it clean  2. Keep it dry  3. Don’t wear it too tight and 4. Give 

your wrist a rest by removing the band for an hour after extended wear.  If you do 

notice any irritation, remove the device and consult your occupational health service 

or doctor if symptoms persist. 
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Charging the Fitbit: 

 The Fitbit should be charged at least every 5 days by connecting the charger 

to your computer.  It is a good idea to charge it before the first time you start 

to wear it.  See the following page for instructions: 

http://help.fitbit.com/articles/en_US/Help_article/1799/?l=en_US&c=Topics%3

ABattery&fs=Search&pn=1  

 

Wearing the Fitbit: 

 Wear the Fitbit continuously for 8 days from Thursday 15th June to Friday 

23rd June while continuing with your normal day-to-day life and 

maintaining your usual activity levels.  This first week is just to give us an 

idea of your normal activity levels so we can see how this changes through 

the study. 

 You should not use the Fitbit app to view your data, or view the data on the 

Fitbit screen during this time.  It is important that you do not remove the 

sticker from the screen!  Please also ignore any e-mails and mobile 

notifications from the app. 

 After wearing the Fitbit for 8 days you will receive an e-mail with a link to the 

first questionnaire of the study.  Look out for this e-mail as the first 

questionnaire will only be available for a few days!  

The full manual for the Fitbit Charge 2 is available via the following link: 

https://staticcs.fitbit.com/content/assets/help/manuals/manual_charge_2_en_US.pdf  

*Please note the Fitbit is not waterproof!  You should remove it for swimming, 

showering etc.* 

 

End of First Week 

Please follow the instructions below on Friday 23rd June (or for the late starters, 

after you have worn the Fitbit for 8 consecutive days!). 

What to do now: 

 Remove the sticker from the screen of the Fitbit! 

 Sync the Fitbit with the app – this should be done automatically as long as 

‘All-Day Sync’ is on.  For more instructions see: 

http://help.fitbit.com/articles/en_US/Help_article/1877/?l=en_US&c=Topics%3

ASyncing&fs=Search&pn=1  

 Log in to the Fitbit website on your computer using the username and 

password you used to register: https://www.fitbit.com/login.  The ‘Dashboard’ 

page should open.  Please note you will need a PC or laptop for this step 

– it is not possible within the Fitbit app. 

http://help.fitbit.com/articles/en_US/Help_article/1799/?l=en_US&c=Topics%3ABattery&fs=Search&pn=1
http://help.fitbit.com/articles/en_US/Help_article/1799/?l=en_US&c=Topics%3ABattery&fs=Search&pn=1
https://staticcs.fitbit.com/content/assets/help/manuals/manual_charge_2_en_US.pdf
http://help.fitbit.com/articles/en_US/Help_article/1877/?l=en_US&c=Topics%3ASyncing&fs=Search&pn=1
http://help.fitbit.com/articles/en_US/Help_article/1877/?l=en_US&c=Topics%3ASyncing&fs=Search&pn=1
https://www.fitbit.com/login
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 To obtain your step data for the last 7 days: 

o Go to the ‘View Settings’ icon (top right of screen) on the Fitbit 

dashboard and select ‘Settings’ 

o Select ‘Data Export’ from the Settings menu 

o On the ‘Export your data’ screen enter the Custom time period from a 

week ago to yesterday, e.g. if today’s date is 23/6/17, select from 

16/6/17 to 22/6/17. 

o Make sure the ‘Activities’ box is checked under ‘Data’. 

o Keep the default file format of CSV and click ‘Download’. 

o Open and save your data file using either the default file name or 

change it to one of your own.  You will need to access this file to 

upload it later. 

o (If your file doesn’t show complete step count data for the last 7 days, 

make sure it is up to date by checking you have recently synched the 

Fitbit) 

 Complete the first questionnaire (see link in separate e-mail).  Upload your 

Fitbit data file within the questionnaire as requested. 

 

Next 6 Weeks: Individual Goal-Setting 

Please do not read this section until after you have completed the first questionnaire!  

(Remember the questionnaire can be completed after wearing the Fitbit for 7 full 

days) 

What to do after completing the first questionnaire: 

 Turn back on ‘Reminders to Move’ under ‘General settings’ within the Fitbit 

app if you wish. 

 

Register with Bupa Boost:  

 Download the Bupa Boost app from either the App Store 

(Apple) or Google Play (Android)* 

 Open the app and follow the on-screen instructions to register: 

o Enter the company PIN – this is ‘********’ (you will automatically be part 

of the ‘DCD Police Alliance’ group) 

o Sign up with your name, e-mail address (we recommend you use the 

same address that you used to register with Fitbit) and a unique 

password.  Don’t forget to verify your e-mail address. 

 

*The Bupa Boost app is available to download on iPhone 4S+, iPad (2nd Gen)+ and iPad 

Mini (1st Gen)+ devices running iOS 7.0 or later.  It is supported by most Android devices – 

you can check compatibility on Google Play. 
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Connect to Fitbit: 

 Connect to the Fitbit app when prompted – tick the ‘Fitbit’ box: 

 

 

 

 

 

 

 

 

 

 Log in to the Fitbit account when prompted (with your e-mail and password) 

 Tick the boxes for the data that you would like to be linked – make sure 

‘Activity and Exercise’ is checked.  On the next screen you can choose 

whether to hide your sleep data. 

 

Set your first fitness goal(s): 

 Set yourself at least one specific fitness goal.  One of these must be to 

improve your daily step count.  Walking 10,000 steps per day is 

recommended but if you are sedentary you might want to start with 

somewhere between 5,000 and 10,000 steps per day.  (This will be a custom / 

‘Create your own’ goal): 
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 Enter the goal description, e.g. ‘walk 10,000 steps per day’ 

 Select goal type = fitness 

 Choose whether to make your goal private in ‘goal privacy’ 

 Set frequency as ‘every day’ 

 Set a reminder if you wish 

 You are welcome to set yourself any additional fitness goals (either suggested 

by the app or custom goals) or goals from any of the other areas 

(mindfulness, nutrition and relaxation) as well.  Remember that goals should 

be SMART: 

 

 For the next 6 weeks you should use the individual goal-setting features of the 

app – monitoring goals set and achieved, earning wellness points, badges 

and working your way through the various levels.  Mark off (tick) your goals in 

the app as you achieve them.  Each user receives a set amount of wellness 

points for completing a goal.  More points are awarded if a user hits their 

weekly target or “goal streak”.  Points for steps are awarded based on the 

number of steps you have done on a given day.   

SMART Goals 

pecific: target a specific area for improvement, e.g. cycle to work three days per 

week 

easurable: easy to determine whether it has been achieved (e.g. 10,000 steps 

per day) 

chievable: is it attainable and realistic? 

elevant: is it important to you? 

ime-bound: make sure you have a specific timeframe for completion (e.g. 12 

weeks’ time) 
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 You will mainly be using the ‘Summary’ screen (home icon) for this part of the 

study, to view a summary of your activity, goals and points: 

 

 

 

 

 

 

 

 

 

 You may also use the third screen (paperclip icon) to access Bupa’s advice 

and information.  The app provides you with access to a bank of A to Z health 

information guides, health tools such as BMI calculator, brainy app, nutrition 

quiz, diabetes risk score etc. and also the ability to speak directly to a BUPA 

nurse 24/7. 

 

 

 

 

 

 

 

 The fourth screen (single person icon) gives an additional summary of the 

points and badges you have earned. 

 Don’t use the app to find friends, team members or to join in with any 

fitness challenges.  This is important - at this stage we just want you to 

concentrate on your own fitness goals.  (If you have already connected 

with others within the Fitbit or Bupa Boost app, please refrain from sending 

messages and taking part in any social challenges for the next 6 weeks). 

 During weeks 5-6 you will be sent a link via e-mail to complete the next 

questionnaire and to upload your Fitbit data. 
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Next 6 Weeks: Social Features of the Bupa Boost App 

Only read this section after you have completed the second (mid-intervention) 

questionnaire! 

What to do now: 

Find your colleagues: 

 For this part of the study you may now link up with colleagues within the app: 

o Go to the second screen in Bupa Boost (two people icon) and select 

‘Invite friends’. 

o From the next screen (see below) you can find friends and colleagues 

who are also using the app via ‘Search’ (other users in your 

workplace), ‘Contacts’ (your phone contacts), ‘Facebook’, or ‘Invite’ 

new users (but you should not share your PIN with anyone outside of 

your organisation). 

 

 

 

 

 

 

 

 Now you can stay in the loop with social updates (the social feed) to see how 

colleagues and friends are getting on.  You can celebrate, encourage and 

reward your peers through the Bupa Boost messaging platform (or you can 

also jeer and taunt them!!) 

 

Take part in competitions/challenges: 

You can compete against your colleagues either on your own (group 

challenges/leader board) or as part of a team (force-wide/team challenges). 

 If you wish, you can set your own challenges and invite your friends to 

participate (e.g. to see who can walk the most steps!). 

 You can now sign up for any force-wide challenges.  Just choose your team 

and then add your weight to getting your team to the top and winning the 

challenge (no prizes, just kudos and bragging rights!) 
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 Challenges may be steps, running, cycling, swimming or wellness point 

based, e.g. walk a million steps, cycle 100k miles, swim the length of the 

English Channel.   

 Your original goal of improving your daily step count is still important 

for this part of the study!  A steps challenge has been set for August – 

please join in with this! 

 

 

 

 

 

 

 

 

 

 

Teams: 

 You will automatically be part of the ‘DCD Police Alliance’ group but you can 

create your own teams, (for example your station or department), invite 

friends to your team and see where you are on your own leader board. 

 

 During weeks 11-12 you will be sent a link via e-mail to complete the next 

questionnaire and to upload your Fitbit data. 

 

Months 4 to 8 

For the remainder of the study you should continue to use the Fitbit and the Bupa 

Boost app together as you wish.  We hope you will still find them useful.  At the end 

of month 8 you will receive a link to the final questionnaire, where you will also be 

able to upload your Fitbit data. 
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Appendix 5: Online surveys 

5a. Baseline (week 0) questionnaire 

Thank you for agreeing to complete the first questionnaire for this study.  Please answer all 

of the questions on the following pages.  The questionnaire should take around 10-15 

minutes to complete. 

Your individual answers will be kept secure and confidential and accessed only by the 

research team.  Your data will not be shared in an identifiable way with the police force or 

any external organisations. 

If during completion you have any concerns about your work, health or any related issues, 

you may wish to contact your line manager, your occupational health department or your 

GP. 

You may request to withdraw your data at any time by e-mailing the researcher (Sarah 

Buckingham) at: sab246@exeter.ac.uk. 

This study has been approved by the University of Exeter Medical School Research Ethics 

Committee. 

  

 About You 

Please enter your age in years * 

What is your gender? * 

Please choose only one of the following: 

  Male 

  Female 

  Other 

What is your ethnic group? * 

Please choose only one of the following: 

  White: English / Welsh / Scottish / Northern Irish / British 

  White: Irish 

  White: Gypsy or Irish Traveller 

  Any other White background 

  Mixed: White and Black Caribbean 

  Mixed: White and Black African 

  Mixed: White and Asian 

  Any other Mixed / Multiple ethnic background 

  Asian: Indian 

http://sab246@exeter.ac.uk/
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  Asian: Pakistani 

  Asian: Bangladeshi 

  Asian: Chinese 

  Any other Asian background 

  Black African 

  Black Caribbean 

  Any other Black / African / Caribbean background 

  Arab 

  Any other ethnic group 

  Prefer not to say 

Choose one option that best describes your ethnic group or background. 

If other ethnicity, please describe... * 

 

What is your current legal marital or same-sex civil partnership status? * 

Please choose only one of the following: 

  Single / Never married or civil partnered 

  Married or civil partnership 

  Separated (still legally married or in a civil partnership) 

  Divorced (or in a legally dissolved civil partnership) 

  Widowed or surviving civil partner 

  Prefer not to say 

Do you live alone in your current home? * 

Please choose only one of the following: 

  Yes 

  No 

  Prefer not to say 

(If no to living alone) Not including yourself, how many people aged 18 years or 

over live with you in your current home? 

Please write your answer here: 

   

Enter '0' if you don't live with any other adults aged 18 years or over. 
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(If no to living alone) How many children aged under 18 years live with you in your 

current home? 

Please write your answer here: 

   

Enter '0' if you don't live with any children under 18 years. 

Are you a dog owner? * 

Please choose only one of the following: 

  Yes 

  No 

What is the postcode of your current main residence? 

Please write your answer here: 

Do you consider your residence to be... * 

Please choose only one of the following: 

  Urban - city 

  Urban - town 

  Suburban 

  Rural village 

  Hamlet or isolated rural dwelling 

What is the highest level of education you have completed? * 

Please choose only one of the following: 

  No formal qualifications 

  Lower secondary school (e.g. GCSE / CSE / O-level / Standard Grade / 

Intermediates) 

  Upper secondary school (e.g. AS or A-level / Scottish Highers) 

  Professional or technical qualification below degree level (e.g. HNC / HND / City & 

Guilds advanced certificate / Level 3 Diploma in Policing) 

  University / college degree 

  Postgraduate (masters / PhD) 

 

About Your Work 

Which organisation do you work for? * 

Please choose only one of the following: 

  Devon and Cornwall Police 



387 

 

  Dorset Police 

 

On which site are you based? * 

Please choose only one of the following: 

  Plymouth - Crownhill 

  Plymouth - Charles Cross 

  Plymouth - Devonport 

  Plymouth - Plympton or Plymstock 

  Plymouth - Exmouth Road 

  North Dorset - Blandford 

  North Dorset - Gillingham 

  North Dorset - Shaftesbury 

  North Dorset - Sturminster Newton 

  Other  

If you work on more than one site, please select the site where you work most frequently. 

Which of the following teams are you a part of? * 

Please choose only one of the following: 

  Response policing 

  Local Policing Partnerships / Neighbourhood 

  Local investigation (e.g. SODAIT) 

  Other  

 What is your job title? * 

Please write your answer here: 

 If you have more than one occupation within the police force, please state your main role. 

What is your job category? * 

Please choose only one of the following: 

  Police Officer 

  Police Community Support Officer 

  Special Constable 

  Police Staff 

If you are a police officer, what is your rank? * 

Please choose only one of the following: 
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  Constable 

  Sergeant 

  Inspector 

  Chief Inspector 

  Superintendent 

  Chief Officers Group 

 

Would you consider your role to be mainly active or sedentary (e.g. desk-based)? * 

Please choose only one of the following: 

  Mainly active (standing, walking or manual work) 

  Mainly sedentary (sitting at a desk or driving) 

  Equally active and sedentary 

In total, how many years have you worked for the police force (including the current 

and any previous organisations)? * 

Please write your answer here: 

 

Please state the number of complete years of service.  This may be approximate if you are 

not sure. 

How many hours per week do you normally work?  (Including contracted hours and 

overtime) * 

Please choose only one of the following: 

  Less than 15 

  15 to 30 

  30 to 40 

  More than 40 

Do you work shifts? * 

Please choose only one of the following: 

  Yes 

  No 

If yes, do you work... * 

Please choose all that apply: 

  Morning (early) shift 

  Afternoon (late) shift 
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  Night shift 

  Rotating shift (e.g. 2+2+2 duty scheme) 

What is your annual salary? * 

Please choose only one of the following: 

  Less than £10,000 

  £10,000 to £19,999 

  £20,000 to £29,999 

  £30,000 to £39,999 

  £40,000 to £49,999 

  £50,000 to £59,999 

  £60,000 to £69,999 

  £70,000 or higher 

  Prefer not to say 

 

About Your Health and Physical Activity 

Are you... * 

Please choose only one of the following: 

  A current smoker 

  An ex-smoker 

  Never smoked 

If you are a current smoker... 

Do you currently smoke at least once a day? 

Please choose only one of the following: 

  Yes 

  No 

If yes, how many cigarettes do you smoke on a typical day? * 

Please write your answer here: 

   

Enter '0' if none. 

If you are a current smoker, how many cigars do you smoke on a typical day? * 

Please write your answer here: 
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Enter '0' if none. 

If you are a current smoker, how much tobacco (roll-ups) do you smoke in a typical 

week? 

Please write your answer(s) here: 

 Weight in ounces (approx) 

 Weight in grams (approx) 

 Please complete one of the above boxes.  Enter '0' if none. 

If you are a current smoker, how much pipe tobacco do you smoke in a typical week? 

Please write your answer(s) here: 

 Weight in ounces (approx) 

 Weight in grams (approx) 

Please complete one of the above boxes.  Enter '0' if none. 

How often do you drink alcohol? (i.e. beer, lager, cider, wine, sherry, vermouth or 

spirits) * 

Please choose only one of the following: 

  More than once a week 

  Once a week 

  Less than once a week, but once a month or more 

  Less than once a month / a few times a year 

  Never 

Do you have any of the following doctor-diagnosed health conditions? * 

Please choose all that apply: 

  Asthma 

  COPD, chronic bronchitis or emphysema 

  Arthritis (osteo or rheumatoid) 

  Chronic back pain 

  Other connective tissue or musculoskeletal disorder 

  Depression or anxiety 

  Other mental health condition 

  Heart disease or angina 

  Hypertension (high blood pressure) 

  Peripheral vascular disease 

  Type 1 (autoimmune) diabetes 
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  Type 2 diabetes 

  Chronic kidney disease or failure 

  Liver disease 

  Visual impairment 

  None of the above 

  Prefer not to say 

 Other please specify:  

  

Prior to taking part in this study, had you ever used a wearable activity monitor or 

tracker (e.g. Fitbit, Jawbone, Withings, Garmin)? * 

Please choose only one of the following: 

  Yes 

  No 

If yes, please give the brand name and model name if known (e.g. Fitbit Flex) 

Please write your answer here: 

Have you previously used a health or fitness app on your smartphone or tablet? * 

Please choose only one of the following: 

  Yes 

  No 

If yes, which app or apps have you used?  (Select all that apply) * 

Please choose all that apply: 

  Fitbit 

  Apple Health 

  Strava 

  MapMyFitness 

  One You Couch to 5K 

  Google Fit 

  Jawbone 

 Other please specify (if known):  

 On how many days have you worn the Fitbit over the last 7 days (not including 

today)? * 

Please choose only one of the following: 

  0 
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  1 

  2 

  3 

  4 

  5 

  6 

  7 

If 0, please state why... * 

Please write your answer here: 

  

Over the last 7 days, for how many hours per day did you typically wear the Fitbit? * 

Please write your answer here: 

   

Enter a number between 0 and 24. 

Have there been any events that you feel have affected your physical activity 

levels over the last 7 days? (E.g. illness, annual leave) * 

Please choose only one of the following: 

  Yes 

  No 

If yes, please give details... * 

Please write your answer here: 

  

International Physical Activity Questionnaire 

These questions will ask you about the time you spent being physically active in 

the last 7 days.  Please answer each question even if you do not consider yourself to 

be an active person.  Please think about the activities you do at work, as part of your 

house and yard work, to get from place to place, and in your spare time for recreation, 

exercise or sport. 

The following information sheet will help you to decide which activities can be classed as 

vigorous and moderate:  

 /upload/surveys/715495/files/Moderate%20and%20vigorous%20activities.pdf 

Think about all the vigorous activities that you did in the last 7 

days.  Vigorous physical activities refers to activities that take hard physical effort 

and make you breathe much harder than normal.  Think only about those physical 

activities that you did for at least 10 minutes at a time. 

http://survey.ex.ac.uk/upload/surveys/715495/files/Moderate%20and%20vigorous%20activities.pdf
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1. During the last 7 days, on how many days did you do vigorous physical activities 

like heavy lifting, digging, aerobics, or fast bicycling? * 

Please choose only one of the following: 

  0 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

2. How much time did you usually spend doing vigorous physical activities on one of 

those days? * 

Please write your answer(s) here: 

 Hours per day: 

 Minutes per day: 

Please estimate the time in hours and minutes per day (e.g. 1 hour 30 minutes) 

Think about all the moderate activities that you did in the last 7 

days.  Moderate activities refer to activities that take moderate physical effort and 

make you breathe somewhat harder than normal.  Think only about those physical 

activities that you did for at least 10 minutes at a time. 

3. During the last 7 days, on how many days did you do moderate physical activities 

like carrying light loads, bicycling at a regular pace, or doubles tennis?  Do not 

include walking. * 

Please choose only one of the following: 

  0 

  1 

  2 

  3 

  4 

  5 

  6 

  7 
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4. How much time did you usually spend doing moderate physical activities on one of 

those days? * 

Please write your answer(s) here: 

 Hours per day: 

 Minutes per day: 

Please estimate the time in hours and minutes per day (e.g. 1 hour 30 minutes) 

Think about the time you spent walking in the last 7 days.  This includes at work and 

at home, walking to travel from place to place, and any other walking that you have 

done solely for recreation, sport, exercise, or leisure. 

5. During the last 7 days, on how many days did you walk for at least 10 minutes at a 

time? * 

Please choose only one of the following: 

  0 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

6. How much time did you usually spend walking on one of those days? * 

Please write your answer(s) here: 

 Hours per day: 

 Minutes per day: 

Please estimate the time in hours and minutes per day (e.g. 1 hour 30 minutes) 

The last question is about the time you spent sitting on weekdays during the last 7 

days.  Include time spent at work, at home, while doing course work and during 

leisure time.  This may include time spent sitting at a desk, visiting friends, reading, or 

sitting or lying down to watch television. 

7. During the last 7 days, how much time did you spend sitting on a week day? * 

Please write your answer(s) here: 

 Hours per day: 

 Minutes per day: 

Please estimate the time spent sitting per day in hours and minutes. 
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Step Count Upload 

Please upload your step count data for the last 7 days.  For instructions on how to do 

this click here:  

/upload/surveys/715495/files/How%20to%20Obtain%20and%20Upload%20Your%20Ste

p%20Count(1).pdf 

Please upload at most one file 

 

Kindly attach the aforementioned documents along with the survey 

Click 'Upload files' above, then 'Select File' to find the step count file you have saved to your 

computer.  This should be a CSV file.  Select the file and click 'Open' to upload it. 

 

SF-12 Health Survey 

SF-12v2TM Health Survey copyright 1992-2002 by Health Assessment Lab, Medical 

Outcomes Trust and QualityMetric Incorporated.  All rights reserved.  SF-12 is a registered 

trademark of Medical Outcomes Trust. 

This survey asks for your views about your health.  This information will help keep 

track of how you feel and how well you are able to do your usual activities. 

For each of the following questions, please tick the one box that best describes your 

answer. 

  

1. In general, would you say your health is: 

Please choose only one of the following: 

  Excellent 

  Very good 

  Good 

  Fair 

  Poor 

2. The following questions are about activities you might do during a typical 

day.  Does your health now limit you in these activities?  If so, how much? 

Please choose the appropriate response for each item: 

  
Yes, limited a lot 

Yes, limited a 

little No, not limited at all 

MODERATE 

ACTIVITIES, such as 

moving a table, 

pushing a vacuum 

   

http://survey.ex.ac.uk/upload/surveys/715495/files/How%20to%20Obtain%20and%20Upload%20Your%20Step%20Count(1).pdf
http://survey.ex.ac.uk/upload/surveys/715495/files/How%20to%20Obtain%20and%20Upload%20Your%20Step%20Count(1).pdf
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Yes, limited a lot 

Yes, limited a 

little No, not limited at all 

cleaner, bowling, or 

playing golf 

Climbing SEVERAL 

flights of stairs    

3. During the past 4 weeks, how much of the time have you had any of the following 

problems with your work or other regular daily activities as a result of your physical 

health? 

Please choose the appropriate response for each item: 

  
All of the 

time 

Most of 

the time 

Some of 

the time 

A little of 

the time 

None of 

the time 

ACCOMPLISHED 

LESS than you 

would like 
     

Were limited in 

the KIND of work 

or other activities 
     

4. During the past 4 weeks, how much of the time have you had any of the following 

problems with your work or other regular daily activities as a result of any emotional 

problems (such as feeling depressed or anxious)? 

Please choose the appropriate response for each item: 

  
All of the 

time 

Most of 

the time 

Some of 

the time 

A little of 

the time 

None of 

the time 

ACCOMPLISHED 

LESS than you 

would like 
     

Did work or other 

activities LESS 

CAREFULLY 

THAN USUAL 

     

5. During the past 4 weeks, how much did pain interfere with your normal work 

(including both work outside the home and housework)? 

Please choose only one of the following: 

  Not at all 

  A little bit 

  Moderately 

  Quite a bit 
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  Extremely 

6. These questions are about how you feel and how things have been with you during 

the past 4 weeks.  For each question, please give the one answer that comes closest 

to the way you have been feeling.  How much of the time during the past 4 weeks... 

Please choose the appropriate response for each item: 

  
All of the 

time 

Most of 

the time 

Some of 

the time 

A little of 

the time 

None of 

the time 

Have you 

felt calm and 

peaceful? 
     

Did you 

have a lot of 

energy? 
     

Have you 

felt 

downhearted 

and low? 

     

7. During the past 4 weeks, how much of the time has your physical health or 

emotional problems interfered with your social activities (like visiting with friends, 

relatives, etc.)? 

Please choose only one of the following: 

  All of the time 

  Most of the time 

  Some of the time 

  A little of the time 

  None of the time 

 

Perceived Stress Scale 

The questions in this scale ask you about your feelings and thoughts during the last 

month.  In each case, you will be asked to indicate by selecting how often you felt or 

thought a certain way. 

In the last month, how often have you... 

Please choose the appropriate response for each item: 
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Never 

Almost 

Never Sometimes 

Fairly 

Often 

Very 

Often 

Felt that you were unable to 

control the important things 

in your life? 
     

Felt confident about your 

ability to handle your 

personal problems? 
     

Felt that things were going 

your way?      

Felt difficulties were piling 

up so high that you could 

not overcome them? 
     

 

Health and Work Performance Questionnaire: Absenteeism and Presenteeism 

1. About how many hours altogether did you work in the past 7 days? 

Please write your answer here: 

   

Enter a number between 0 and 97.  (If more than 97, enter 97.) 

2. How many hours does your employer expect you to work in a typical 7-day 

week?  (If it varies, estimate the average) 

Please write your answer here: 

   

Please enter a number between 0 and 97.  (If more than 97, enter 97.) 

3. Now please think of your work experiences over the past 4 weeks (28 

days).  Select the number of days you spent in each of the following work situations. 

In the past 4 weeks (28 days), how many days did you... 

  
Number of 

days (0 to 28) 

Miss an ENTIRE work day because of problems with your physical or 

mental health? (Please include only days missed for your OWN health, 

not someone else's health) 

  

Miss an ENTIRE work day for any other reason (including vacation)?   

Miss PART of a work day because of problems with your physical or 

mental health? (Please include only days missed for your OWN health, 

not someone else's) 
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Number of 

days (0 to 28) 

Miss PART of a work day for any other reason (including vacation)?   

Come in early, go home late, or work on your day off?   

 

About how many hours altogether did you work in the past 4 weeks (28 days)?  (See 

examples below) 

Your answer must be between 0 and 400 

Please write your answer here: 

   

Examples for Calculating Hours Worked in the Past 4 Weeks 

40 hours per week for 4 weeks = 160 hours 

35 hours per week for 4 weeks = 140 hours 

40 hours per week for 4 weeks with two 8-hour days missed = 144 hours 

40 hours per week for 4 weeks with three 4-hour partial days missed = 148 hours 

35 hours per week for 4 weeks with two 8-hour days missed and three 4-hour partial 

days missed = 112 hours 

  

5. On a scale from 0 to 10 where 0 is the WORST job performance anyone could have 

at your job and 10 is the performance of a TOP worker... 

Please choose the appropriate response for each item: 

  0 1 2 3 4 5 6 7 8 9 10 

How would 

you rate the 

usual 

performance 

of MOST 

workers in a 

job similar to 

yours? 

           

How would 

you rate 

YOUR 

USUAL job 

performance 

over the 
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  0 1 2 3 4 5 6 7 8 9 10 

PAST YEAR 

OR TWO? 

How would 

you rate 

your 

OVERALL 

job 

performance 

on the days 

you worked 

during the 

PAST 4 

WEEKS? 

           

Thank you very much for completing the questionnaire. Your responses have been 

recorded. 

If you have any further questions about the study please contact Sarah 

Buckingham at sab246@exeter.ac.uk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:sab246@exeter.ac.uk
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5b. Mid-intervention (week 6) questionnaire 

Thank you for agreeing to complete the second questionnaire for this study.  Please answer 

all of the questions on the following pages.  The questionnaire should take around 10-15 

minutes to complete. 

Your individual answers will be kept secure and confidential and accessed only by the 

research team.  Your data will not be shared in an identifiable way with the police force or 

any external organisations. 

If during completion you have any concerns about your work, health or any related issues, 

you may wish to contact your line manager, your occupational health department or your 

GP. 

You may request to withdraw your data at any time by e-mailing the researcher (Sarah 

Buckingham) at: sab246@exeter.ac.uk. 

This study has been approved by the University of Exeter Medical School Research Ethics 

Committee. 

 

The Fitbit, Bupa Boost and your Physical Activity 

Now that you have been wearing the Fitbit and using the 'Bupa Boost' app, we would like to 

know a bit more about what you thought of them. 

On how many days have you worn the Fitbit over the last 7 days (not including 

today)? * 

Please choose only one of the following: 

  0 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

If 0, please state why... * 

Please write your answer here: 

  

Over the last 7 days, for how many hours per day did you typically wear the Fitbit? * 

 

Please write your answer here: 

   

http://sab246@exeter.ac.uk/
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Enter a number between 0 and 24. 

On a scale of 1-5, where 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = 

strongly disagree, how much do you agree with the following statements...? * 

Please choose the appropriate response for each item: 

  
5 4 3 2 1 

0 - I did not use 

the Fitbit 

The Fitbit 

tracker was 

easy to use 
      

The Fitbit 

tracker 

helped me to 

be more 

physically 

active 

      

Have you used the 'Bupa Boost' app over the last 7 days (not including today)? * 

Please choose only one of the following: 

  Yes 

  No 

If no, please state why... * 

Please write your answer here: 

  

Over the last 7 days, on how many days did you use the 'Bupa Boost' app? * 

Please choose only one of the following: 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

Over the last 7 days, how long did you spend using the 'Bupa Boost' app on a typical 

day? * 

Please choose only one of the following: 

  Less than one minute 
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  1-5 minutes 

  5-15 minutes 

  15-30 minutes 

  30-45 minutes 

  45-60 minutes 

  More than an hour 

Which features of the app did you use? * 

Please choose all that apply: 

  Setting my own goals and earning wellness points and badges 

  Bupa's health library / self-help information and tools 

Did you set yourself any other fitness goals in addition to the recommended goal of 

improving your daily step count? * 

Please choose only one of the following: 

  Yes 

  No 

If yes, please state the goal(s) you set yourself... * 

Please write your answer here: 

 For example, cycle to work three days per week. 

Which of the following areas of your health and wellbeing did you manage using the 

app? * 

Please choose all that apply: 

  Fitness 

  Nutritional 

  Mindfulness 

  Relaxation 

On a scale of 1-5, where 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = 

strongly disagree, how much do you agree with the following statements...? * 

Please choose the appropriate response for each item: 

  
5 4 3 2 1 

0 - I did not use the 

'Bupa Boost' app 

The 'Bupa 

Boost' app 

was easy to 

use 
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5 4 3 2 1 

0 - I did not use the 

'Bupa Boost' app 

The 'Bupa 

Boost' app 

helped me to 

be more 

physically 

active 

      

Have there been any events that you feel have affected your physical activity 

levels over the last 7 days? (E.g. illness, annual leave) * 

Please choose only one of the following: 

  Yes 

  No 

If yes, please give details... * 

Please write your answer here: 

  

International Physical Activity Questionnaire (as baseline questionnaire) 

 

Step Count Upload (as baseline questionnaire) 

 

SF-12 Health Survey (as baseline questionnaire) 

 

Perceived Stress Scale (as baseline questionnaire) 

 

Health and Work Performance Questionnaire: Absenteeism and Presenteeism (as 

baseline questionnaire) 

 

Thank you very much for completing the questionnaire. Your responses have been 

recorded. 

If you have any further questions about the study please contact Sarah 

Buckingham at sab246@exeter.ac.uk. 

 

 

 

 

mailto:sab246@exeter.ac.uk
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5c. Post-intervention (week 12) questionnaire 

Thank you for agreeing to complete the third questionnaire for this study.  Please answer all 

of the questions on the following pages.  The questionnaire should take around 10-15 

minutes to complete. 

Your individual answers will be kept secure and confidential and accessed only by the 

research team.  Your data will not be shared in an identifiable way with the police force or 

any external organisations. 

If during completion you have any concerns about your work, health or any related issues, 

you may wish to contact your line manager, your occupational health department or your 

GP. 

You may request to withdraw your data at any time by e-mailing the researcher (Sarah 

Buckingham) at: sab246@exeter.ac.uk. 

This study has been approved by the University of Exeter Medical School Research Ethics 

Committee. 

 

The Fitbit, Bupa Boost and your Physical Activity 

Now that you have been wearing the Fitbit and using the 'Bupa Boost' app, we would like to 

know a bit more about what you thought of them. 

On how many days have you worn the Fitbit over the last 7 days (not including 

today)? * 

Please choose only one of the following: 

  0 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

If 0, please state why... * 

Please write your answer here: 

  

Over the last 7 days, for how many hours per day did you typically wear the Fitbit? * 

Please write your answer here: 

   

http://sab246@exeter.ac.uk/
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Enter a number between 0 and 24. 

On a scale of 1-5, where 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = 

strongly disagree, how much do you agree with the following statements...? * 

Please choose the appropriate response for each item: 

  
5 4 3 2 1 

0 - I did not use the 

Fitbit 

The Fitbit tracker 

was easy to use       

The Fitbit tracker 

helped me to be 

more physically 

active 

      

Have you used the 'Bupa Boost' app over the last 7 days (not including today)? * 

Please choose only one of the following: 

  Yes 

  No 

If no, please state why... * 

Please write your answer here: 

  

Over the last 7 days, on how many days did you use the 'Bupa Boost' app? * 

Please choose only one of the following: 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

Over the last 7 days, how long did you spend using the 'Bupa Boost' app on a typical 

day? * 

Please choose only one of the following: 

  Less than one minute 

  1-5 minutes 

  5-15 minutes 
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  15-30 minutes 

  30-45 minutes 

  45-60 minutes 

  More than an hour 

Which features of the app did you use? * 

Please choose all that apply: 

  Setting my own goals and earning wellness points and badges 

  Bupa's health library / self-help information and tools 

  Group challenges / leader board to compete with colleagues on my own 

  Company or team challenges (competing with colleagues as a group) 

  Social feed (to see how colleagues were getting on) 

  Messages to colleagues (e.g. motivation and encouragement) 

Which of the following did you prefer? * 

Please choose only one of the following: 

  Individual goal-setting and earning wellness points and badges 

  Social elements - messaging colleagues, competing with colleagues and taking 

part in company/team challenges 

  No preference / liked both equally 

Did you set yourself any other fitness goals in addition to the recommended goal of 

improving your daily step count? * 

Please choose only one of the following: 

  Yes 

  No 

If yes, please state the goal(s) you set yourself... * 

Please write your answer here: 

For example, cycle to work three days per week. 

Which of the following areas of your health and wellbeing did you manage using the 

app? * 

Please choose all that apply: 

  Fitness 

  Nutritional 

  Mindfulness 

  Relaxation 
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On a scale of 1-5, where 5 = strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = 

strongly disagree, how much do you agree with the following statements...? * 

Please choose the appropriate response for each item: 

  
5 4 3 2 1 

0 - I did not use the 'Bupa 

Boost' app 

The 'Bupa 

Boost' app 

was easy to 

use 

      

The 'Bupa 

Boost' app 

helped me to 

be more 

physically 

active 

      

Have there been any events that you feel have affected your physical activity 

levels over the last 7 days? (E.g. illness, annual leave) * 

Please choose only one of the following: 

  Yes 

  No 

If yes, please give details... * 

Please write your answer here: 

 

International Physical Activity Questionnaire (as baseline questionnaire) 

 

Step Count Upload (as baseline questionnaire) 

 

SF-12 Health Survey (as baseline questionnaire) 

 

Perceived Stress Scale (as baseline questionnaire) 

 

Health and Work Performance Questionnaire: Absenteeism and Presenteeism (as 

baseline questionnaire) 

 

Thank you very much for completing the questionnaire. Your responses have been 

recorded.  If you have any further questions about the study please contact Sarah 

Buckingham at sab246@exeter.ac.uk. 

mailto:sab246@exeter.ac.uk
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5d. Follow-up (month 8) questionnaire 

Thank you for agreeing to complete the final questionnaire for this study.  Please answer all 

of the questions on the following pages.  The questionnaire should take around 10-15 

minutes to complete. 

Your individual answers will be kept secure and confidential and accessed only by the 

research team.  Your data will not be shared in an identifiable way with the police force or 

any external organisations. 

If during completion you have any concerns about your work, health or any related issues, 

you may wish to contact your line manager, your occupational health department or your 

GP. 

You may request to withdraw your data at any time by e-mailing the researcher (Sarah 

Buckingham) at: sab246@exeter.ac.uk. 

This study has been approved by the University of Exeter Medical School Research Ethics 

Committee. 

  

The Fitbit, Bupa Boost and your Physical Activity 

Please answer the following questions about if and how you are still using the Fitbit and 

Bupa Boost app. 

Are you still using the Fitbit? * 

Please choose only one of the following: 

  Yes 

  No 

If no, please explain why... 

Please write your answer here: 

On how many days have you worn the Fitbit over the last 7 days (not including 

today)? * 

Please choose only one of the following: 

  0 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

http://sab246@exeter.ac.uk/
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Over the last 7 days, for how many hours per day did you typically wear the Fitbit? * 

Your answer must be between 0 and 24 

Please write your answer here: 

   

Are you still using the 'Bupa Boost' app? * 

Please choose only one of the following: 

  Yes 

  No 

If no, please explain why... 

Please write your answer here: 

 Over the last 7 days, on how many days did you use the 'Bupa Boost' app? * 

Please choose only one of the following: 

  0 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

If you are still using the ‘Bupa Boost’ app, over the last 7 days, how long did you 

spend using the app on a typical day? * 

Please choose only one of the following: 

  Less than one minute 

  1-5 minutes 

  5-15 minutes 

  15-30 minutes 

  30-45 minutes 

  45-60 minutes 

  More than an hour 

  I did not use the app 
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Which features of the app have you used during the last five months? * 

Please choose all that apply: 

  Setting my own goals and earning wellness points and badges 

  Bupa's health library / self-help information and tools 

  Group challenges / leader board to compete with colleagues on my own 

  Company or team challenges (competing with colleagues as a group) 

  Social feed (to see how colleagues were getting on) 

  Messages to colleagues (e.g. motivation and encouragement) 

  None of the above 

Which of the following areas of your health and wellbeing did you manage using the 

app? * 

Please choose all that apply: 

  Fitness 

  Nutritional 

  Mindfulness 

  Relaxation 

Have there been any events that you feel have affected your physical activity 

levels over the last 7 days? (E.g. illness, annual leave) * 

Please choose only one of the following: 

  Yes 

  No 

If yes, please give details... * 

Please write your answer here: 

  

Apart from participating in the PAW-Force trial, have you taken part in 

any new physical activity schemes or activities run by the police force since June 

2017? 

For example, the Love2Ride cycling scheme or an organised lunchtime running 

club.  This may be part of ActivAte2020 or otherwise.  Don't include anything you were 

already doing before June 2017. 

Please choose only one of the following: 

  Yes 

  No 

If yes, please give details. * 
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Please write your answer here: 

  

International Physical Activity Questionnaire (as baseline questionnaire) 

 

Step Count Upload (as baseline questionnaire) 

 

SF-12 Health Survey (as baseline questionnaire)  

 

Perceived Stress Scale (as baseline questionnaire) 

 

Health and Work Performance Questionnaire: Absenteeism and Presenteeism (as 

baseline questionnaire) 

 

Thank you very much for completing the questionnaire. Your responses have been 

recorded. 

If you have any further questions about the study please contact Sarah 

Buckingham at sab246@exeter.ac.uk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:sab246@exeter.ac.uk
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5e. Survey with managers, commissioners and occupational health staff 

Thank you for taking an interest in this research project.  Please read the information 

sheet and answer the questions on the following page if you agree to take part. 

 
Q1. Based on your knowledge and experience, do you think that 
wearable fitness technology (i.e. Fitbit wearable activity monitor and 
'Bupa Boost' app) is a useful intervention within your workplace? 
Please explain your answer. 
 
Q2. What do you perceive to be the main benefits (if any) of the use 
of wearable fitness technology for individual staff? 
(For example, reduced stress, improved health and wellbeing) 
 
Q3. What do you perceive to be the main benefits (if any) for the 
organisation? 
(For example, improved staff productivity, morale, reduced sickness 
absence) 
 
Q4. Would you consider commissioning wearable activity monitors 
for individual staff within your department or organisation at a cost 
of approximately £80 per device? 
Yes / No 
 
Q5. Do you have any other recommendations for policies or 
strategies to encourage staff to become more physically active / less 
sedentary? 
 

 

Thank you very much for completing this survey. If you have any further questions 

please contact Sarah Buckingham at: sab246@exeter.ac.uk. 

 

 

 

 

 

 

 

 

 

 

mailto:sab246@exeter.ac.uk
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Appendix 6: Topic guides for interviews (pre-intervention, post-intervention and 
follow-up) 

Participants’ expectations of mobile health (mHealth) and fitness technology will be 

assessed at baseline (pre-intervention).  At around 12 weeks (immediately post-

intervention), engagement with, experience of and response to the activity monitor 

(Fitbit Charge 2®) and Bupa Boost app will be characterised and linked to prior 

expectations where possible.  At eight months (five months post-intervention) overall 

use and benefit and maintenance of physical activity behaviours will be explored.   

Any differences between participants will be noted. 

Researcher says: 

My name is Sarah and I am a PhD student working on the PAW-Force study 

(Physical Activity Wearables in the Police Force). 

Thank you for agreeing to take part in this interview; we really appreciate your time 

and help with the study.  We would like to audio record the interview to help make 

sense of what you are saying about your experiences of taking part.  Are you happy 

for our discussion to be recorded?  The recording will be stored securely by the 

University of Exeter. 

We want to find out how the mobile health and fitness technology works or doesn’t 

work for you and what could be done better.  There are no right or wrong answers; 

we’re really interested to hear about your thoughts and experiences. 

Researcher Notes 

A selection of the following questions will be used and the order will be at the 

discretion of the researcher depending on what the participant says.  Questions may 

be modified to suit the participant, and the researcher will be able to explore other 

topics raised by the participant or as a result of feedback from other sources (e.g. 

questionnaires).  The interview may be stopped at the participant’s request or at the 

discretion of the researcher. 

The interviewer should use ‘reflective listening’ statements and brief summaries to 

check their understanding of what the participant has said during the interview.  This 

will also help to build empathy and encourage further disclosure. 

Leading questions should be avoided; however prompts or scenarios based on other 

participants’ experiences may be used to encourage openness.  The following 

general prompts may be used: 

“Tell me more about…” 

Reflect back… “Have I got this right?” “You said…” “It sounds like…” etc. 

Give vocal encouragement and use terms such as, “Interesting thought”, “Go on”. 
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Allow silences to be used to allow the participant to think about his/her answer. 

Use attentive body language such as leaning forward (if interviews are face-to-face). 

 

Pre-Intervention (Baseline) Interview 

Topic Questions Prompts Theoretical basis 

Current role Tell me about your 
current role in the 
police force 

Desk-based or 
active? 

Context and baseline 
activity level. 

Existing 
physical 
activity levels 

Tell me a bit about 
how you keep 
physically active at 
the moment... 

Home or work 
Different activities 
(sports, walking, 
cycling to work) 

As above.  May also help 
to determine existing 
attitudes to PA and 
existing intrinsic 
motivation. 

Existing 
initiatives to 
improve 
physical 
activity in the 
workplace 

Are there any existing 
physical 
activity/fitness 
programmes 
available in your 
workplace?  Do you 
use them? 

E.g. police force 
gyms, Love2Ride 
scheme 
(encouraging 
cycling for 
commuting), 
taster sessions 
with sports clubs, 
ActivAte2020 
programme 

Context.  Opportunity 
component of the COM-B 
model.  Organisational 
layer of the Socio-
Ecological Model (SEM). 

Prior 
experience of 
mHealth/ 
fitness 
technology 

Have you ever used 
a wearable activity 
monitor or tracker?  If 
yes, tell me more 
about it…. 
 
 
 
 
 
Have you ever used 
a health or fitness 
app on your 
smartphone or 
tablet?  If yes, tell me 
more about it… 

Which one? (e.g. 
Fitbit, Jawbone, 
Withings, 
Garmin) 
When?  For how 
long? 
How did you find 
it?  Was it helpful 
to you? 
 
Which one? (e.g. 
Fitbit, Apple 
Health, Strava, 
MapMyFitness, 
Google Fit, 
Jawbone) 
What did you use 
it for? 
When?  For how 
long? 
How did you find 
it?  Was it helpful 
to you? 

Individual-level factors in 
the SEM – knowledge, 
skills and attitude in 
relation to mHealth and 
fitness technology. 
 
 
 
 
 
As above. 
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Expectations of 
mHealth/fitness 
technology and 
the 
intervention 
(including 
perceived 
barriers) 

Why did you choose 
to take part in this 
study?  What are 
your expectations of 
taking part/using the 
wearable device and 
app? 
 
What do you hope to 
achieve?  Do you 
have any specific 
fitness goals (in 
addition to improving 
your step count)? 
 
 
 
 
 
 
 
 
 
 
 
 
Do you expect to 
encounter any 
problems or 
difficulties in taking 
part in the study or 
using the technology 
to monitor your 
activity levels? 
 
Are there any other 
factors that you 
expect might prevent 
you from getting 
more active or 
achieving your goals? 
 

What does the 
participant think 
the intervention 
sets out to do?  
How do they think 
it will work? 
 
 
Explore priorities 
and goals – 
general (e.g. 
improving health 
and fitness, 
reducing stress) 
and specific (e.g. 
walking 10,000 
steps/day, 150 
mins/week of 
moderate 
intensity activity 
such as fast 
walking or 
cycling, strength 
training two 
days/week) 
 
E.g. lack of 
technical skills, 
time, lack of 
support from 
managers or 
colleagues 
 
 
 
E.g. time, health 
problems, lack of 
support from 
family or 
colleagues 
 
 
 

Process evaluation – 
assess reach and 
engagement with 
research. 
Assess expectations (and 
expected barriers) of the 
intervention. 
 
Contemplation and 
preparation phases of 
transtheoretical model / 
stages of change.  
Establish existing level of 
(intrinsic) motivation. 
 
 
 
 
 
 
 
 
 
 
 
 
Expected barriers to 
behaviour change 
(technology or study 
participation) at the 
various levels of the SEM 
– individual, 
interpersonal, 
organisational. 
 
Expected barriers to 
behaviour change (PA) at 
various levels of the SEM 
– individual, 
interpersonal, 
organisational. 
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Post-Intervention (Week 12) Interview 

Topic Questions Prompts Theoretical basis 

Engagement 
with 
mHealth/fitness 
technology 

How did you use the 
Fitbit and Bupa Boost 
app?   
 

Wear time 
Usage of app 
When/for how 
long? 

Acceptability and 
engagement with 
intervention. 

Response to 
and experience 
of 
mHealth/fitness 
technology 

Did the technology 
help you to improve 
your physical activity 
levels?  If so, how?  If 
not, why? 
 
 
 
 
 
 
 
 
 
 
Did it match the 
expectations you had 
at the beginning of 
the study?  If not, 
why? 
 
Did it help you to 
achieve your fitness 
goals (general and 
specific)? 
 
If the Fitbit and Bupa 
Boost app helped you 
to be more active, did 
you feel any other 
benefits of this? 
 
 
Did you find the Fitbit 
and Bupa Boost app 
easy to use?  If not, 
why?  Could they be 
improved in any way? 
 
Which features of the 
app did you use?  
What did you think of 
them? 

E.g. setting 
myself goals, 
monitoring and 
tracking progress, 
motivation from 
colleagues 
 
 
 
 
 
 
 
 
 
Refer to first 
interview for 
expectations. 
 
 
 
Refer to first 
interview for 
specific goals. 
 
 
E.g. improved 
general 
health/wellbeing, 
reduced stress, 
more productive 
at work 
 
User friendly? 
Any problems? 
Recommendation
s for future users. 
 
 
Fitness only or 
mindfulness, 
relaxation and 
nutrition? 

Action phase of 
transtheoretical 
model/stages of change.  
Self-regulation.  Social 
support and influence.  
Self-efficacy.  Self-
determination (intrinsic 
and extrinsic motivation).  
Capability, motivation and 
(social) opportunity 
components of the COM-
B model.  Technology 
acceptance model 
(perceived usefulness). 
 
Compare experiences 
with prior expectations. 
 
 
 
 
Self-regulation (and as 
above). 
 
 
 
Assess wider impact on 
health, wellbeing, stress 
and productivity (gaps in 
current evidence). 
 
 
 
Technology acceptance 
model (usability). 
 
 
 
 
Identify preferred (and 
perceived effective) 
behaviour change 
components (behaviour 
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Did you find the 
individual goal setting 
or social/competitive/ 
collaborative 
elements more 
useful?  Why? 

Specific features 
- Setting my own 
goals, group 
challenges/leader 
board, 
company/team 
challenges, social 
feed, messages 
to colleagues, 
Bupa’s health 
library/tools 
 
Competing 
against 
colleagues, social 
support. 
Individual 
preferences. 
 

change taxonomies – e.g. 
CALORE).  Explore 
intrinsic and extrinsic 
motivation in relation to 
components (rewards, 
competition).  Social 
support and influence 
theories.  Individual and 
interpersonal layers of 
the Socio-Ecological 
Model (SEM). 
 
As above. 
Individual differences. 

Current physical 
activity level 
and context 

Could you briefly 
summarise what you 
currently do to keep 
physically active… 
 
Do you now use any 
physical activity or 
fitness programmes 
available in your 
workplace?  If yes, is 
this as a result of 
taking part in this 
study? 
 

Home or work 
Different activities 
(sports, walking, 
cycling to work) 
 
E.g. police force 
gyms, Love2Ride 
scheme, taster 
sessions with 
sports clubs, 
ActivAte2020 
programme 

Improved understanding 
of context.  Compare with 
baseline interview. 
 
 
Context.  Expansion in 
mixed methods – add to 
quantitative findings.  
Opportunity component 
of the COM-B model.  
Organisational layer of 
the SEM. 

Barriers and 
facilitators to 
use of 
technology and 
physical activity 

Did you have any 
problems or 
difficulties in taking 
part in the study or 
using the technology 
to monitor your 
activity levels? 
 
Were there any other 
factors that prevented 
you from getting more 
active or achieving 
your goals? (i.e. what 
gets in the way?) 
 
What might help you 
to keep up your 

E.g. lack of 
technical skills, 
lack of time, lack 
of support from 
managers or 
colleagues 
 
 
E.g. time, health 
problems, lack of 
support from 
family or 
colleagues 
 
 
E.g. continued 
use of 

Barriers to engagement 
with the intervention. 
 
 
 
 
 
 
Barriers to PA at all levels 
of the SEM – focus on 
individual, interpersonal 
and organisational. 
 
 
 
Facilitators to PA at all 
levels of the SEM – focus 
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physical activity 
levels in the future?  
Is there anything else 
that you feel your 
employer could do to 
help? 

mHealth/fitness 
technology, other 
initiatives/ 
incentives in the 
workplace 

on individual, 
interpersonal and 
organisational. 

 

 

Follow-Up (Month 8) Interview 

Topic Questions Prompts Theoretical basis 

Continued 
engagement with 
mHealth/fitness 
technology 
(including 
barriers and 
facilitators) 

Are you still using 
the Fitbit and Bupa 
Boost app?  If yes, 
how? 
If no, when did you 
stop using it and 
why?  What would 
have encouraged 
you to use it for 
longer? 
 
If no, are you still 
tracking your 
activity levels?  
 
 
 
 
Do you plan to use 
the Fitbit and Bupa 
Boost app after the 
study ends? 
 

Device wear time 
and usage of app 
– is this lower 
than five months 
earlier? 
 
 
 
 
 
 
Other methods of 
tracking activity, 
e.g. use of 
different device or 
app, paper or 
mental record? 

Assess longer-term 
acceptability and 
engagement with 
intervention.  Barriers and 
facilitators to technology 
use. 
 
 
 
 
 
Elucidate whether 
continued technology use 
is necessary to sustain 
behaviour change.   
Habit formation (activity 
tracking). 
 
Longer-term 
acceptability.  Perceived 
necessity of use to 
sustain behaviour 
change. 

Longer-term 
experience of 
mHealth/fitness 
technology and 
maintenance of 
physical activity 
levels 

Do you feel that the 
technology helped 
you to keep up your 
physical activity 
levels?  If so, how?  
If not, why? 
 
 
 
 
 
 
 

E.g. setting 
myself goals, 
monitoring and 
tracking progress, 
motivation from 
colleagues 
 
 
 
 
 
 
 

Maintenance phase of 
transtheoretical 
model/stages of change 
(after 6 months).  Self-
efficacy.  Self-
determination (intrinsic 
motivation).  Habit 
formation (PA 
behaviours).  Motivation 
and (social) opportunity 
components of the COM-
B model. 
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Are you still 
achieving the goals 
you set yourself at 
the beginning of the 
study? 
 
Did using the 
technology change 
the way you feel 
about being 
physically active? 
 
If the Fitbit and 
Bupa Boost app 
have helped you to 
maintain or improve 
your physical 
activity/fitness 
level, have you felt 
any other benefits 
of this? 
 
Which features of 
the app did you 
carry on using?  
Why did you find 
these most useful? 
 

Refer to earlier 
interviews for 
specific goals. 
 
 
 
Confidence about 
being physically 
active.  Ability, 
skills, attitudes, 
knowledge. 
 
E.g. improved 
general 
health/wellbeing, 
reduced stress, 
more productive 
at work 
 
 
 
 
Fitness only or 
mindfulness, 
relaxation and 
nutrition? 
Specific features 
- Setting my own 
goals, group 
challenges/leader 
board, 
company/team 
challenges, social 
feed, messages 
to colleagues, 
Bupa’s health 
library/tools 

Habit formation (goal-
setting and PA). 
 
 
 
 
Self-efficacy.  Self-
determination.  Capability 
component of the COM-B 
model. 
 
Assess longer-term 
impact on health, 
wellbeing, stress and 
productivity (gaps in 
current evidence). 
 
 
 
 
 
Potential pathways of 
change, e.g. reduced 
stress due to setting of 
relaxation goals or 
increased PA? 
Identify preferred (and 
perceived effective) 
behaviour change 
components in the longer 
term (behaviour change 
taxonomies – e.g. 
CALORE).  Explore 
intrinsic and extrinsic 
motivation – e.g. whether 
rewards and competitions 
were still effective.  Social 
support and influence 
theories. 
Individual differences. 

Current physical 
activity level and 
context 

Could you briefly 
summarise what 
you currently do to 
keep physically 
active? 
 
Do you now take 
part in any physical 
activity or fitness 
programmes in 

Home or work 
Different activities 
(sports, walking, 
cycling to work) 
 
 
E.g. police force 
gyms, Love2Ride 
scheme, taster 
sessions with 

Context.  Compare with 
earlier interviews. 
 
 
 
 
Context.  Expansion in 
mixed methods – add to 
quantitative findings.  
Opportunity component 
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your workplace?  If 
yes, is this as a 
result of taking part 
in this study? 
 

sports clubs, 
ActivAte2020. 
 

of the COM-B model.  
Organisational layer of 
the Socio-Ecological 
Model. 

Barriers and 
facilitators to 
maintaining 
physical activity 

Over the last few 
months, were there 
any other factors 
that prevented you 
from getting more 
active or achieving 
your goals? (i.e. 
what got in the 
way?) 
 
What would have 
encouraged you to 
stay more active? 
 

E.g. lack of time, 
health problems, 
lack of support 
from family or 
colleagues 
 
 
 
 
 
E.g. reminders 
from technology/ 
employer/ 
colleagues, 
allocated time in 
work for exercise/ 
lunchtime walks 

Long-term barriers to PA 
at all levels of the SEM – 
particularly individual, 
interpersonal and 
organisational. 
 
 
 
 
 
Long-term facilitators to 
PA at all levels of the 
SEM – focus on 
individual, interpersonal 
and organisational. 

Experience of 
study 
participation 

Overall, how did 
you find taking part 
in the study? 
 
Is there any way 
that your 
experience could 
have been 
improved? 

Experience of 
taking part in the 
study 
 
Thoughts about 
the research 
process – e.g. 
data collection, 
frequency of 
contacts, 
workplace 
support. 
 

Process evaluation. 
Assess acceptability of 
the research process for 
participants. 

 

At the end of each interview:  

Summarise the discussion and ask if there is anything else they would like to 

add. 

Thank the participant for taking part in the discussion and for their help with 

the research. 
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Appendix 7: Summary of findings report for the police force 

 

 

 

 

The PAW-Force Study: Summary Findings November 2018 

Sarah Buckingham, PhD student, University of Exeter 

 

This report presents a summary of findings of the Physical Activity Wearables in the 

police force (PAW-Force) study, from June 2017 to February/March 2018.  The 

report includes and extends the findings of the interim summary report that was 

circulated in June 2018. 

 

Why was the study needed? 

This study was part of the three year ActivAte2020 programme which aims to 

improve the health and wellbeing of police officers and staff, including physical 

activity, diet and nutrition and sleep quality.  The study mainly focused on physical 

activity. 

Wearable or mobile fitness technology (such as Fitbit® activity monitors and 

smartphone apps) is an accessible, personalised, cost-effective and fun way to help 

people to be more active.  As policing is associated with a high risk of lifestyle-

related health conditions (including cardiovascular disease and obesity1), is 

becoming a more sedentary occupation, and no previous studies had looked at the 

use of wearable fitness technology in the police force, the study was much needed. 

 

What was the aim of the study? 

We wanted to know whether wearable fitness technology (a Fitbit activity monitor 

used with the Bupa Boost app) would be a feasible, acceptable and potentially 

effective way to help police officers and staff to be active, in both the short and 

longer term. 
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What did taking part involve? 

All participants were asked to wear the Fitbit and use the Bupa Boost app for an 

initial 12 weeks (using different features of Bupa Boost), followed by a 5 month 

‘maintenance phase’: 

 

How was the data collected? 

Participants sent their step data and completed surveys at four different time points – 

week 0, week 6, week 12 and month 8.  Some participants were selected to take part 

in more in-depth interviews about their expectations and experiences (32 interviews 

in total). 

 

Who was recruited? 

 180 participants were recruited: 128 from Devon & Cornwall Police (Plymouth 

Basic Command Unit) and 52 from Dorset Police (North Dorset site). 

 63% were police officers (ranging from constable to superintendent), 17% 

were PCSOs or special constables, and 20% were police staff. 

 59% male, 41% female 

 Average age was 39 years, and the average length of service was 12 years. 

 80% were shift workers 

 39% of participants had never used a wearable activity monitor or health or 

fitness app before taking part. 

 

How active were participants at the start of the study? 

 Average daily step count at the beginning of the study ranged from around 

3,800 in some participants to 20,800 in others.  The average across all 

participants was 10,555 steps per day. 

Week 0 Weeks 1-6 Weeks 7-12 Week 13 to end of 
study (8 months 
from beginning) 

Beginning of study: 
Wear Fitbit on its 
own for a week 

Wear Fitbit and use 
‘Bupa Boost’ app: 

individual goal-
setting, wellness 

points and badges 

Wear Fitbit and use 
‘Bupa Boost’ app with 

colleagues: social 
support, competitions 

and challenges 

Continue to wear 
Fitbit and use ‘Bupa 

Boost’ app as desired 
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 Participants had different levels of motivation and views on being physically 

active: 

 58% reported their role was mainly sedentary (e.g. spent sitting at a desk).   

Participants reported spending around six and a half hours sitting on a typical 

weekday. 

 Male officers and staff were more active than females, with higher daily steps, 

total physical activity and moderate and vigorous activity. 

 Police officers were more active than PCSOs and special constables overall, 

but less active during the working day. 

 

What were participants’ expectations at the beginning of the study? 

Participants wanted to take part for the following reasons:  

 

Many thought the technology would help them to be more aware of their activity 

level, set small, achievable goals, and motivate them to be more active. 

 

 

Improving physical activity level or trying a new type of 
exercise 

Comparing their activity level with colleagues 

Reducing sedentary time at work 

Improving fitness 

Maintaining or improving their health and wellbeing 

Wanting to lose weight 

Reducing stress 

Improving sleep 

Improving confidence and enjoyment of life 

Desire to learn about fitness technology 

“It is completely office-based.  You sit 

at a desk with your phone.  You 

haven’t got much movement at all.”  

Police staff, male, age 18-39 

“I can’t get my head round 

people enjoying sports and 

gyms and things like that.  I’ve 

tried it but didn’t enjoy it.”  

Police staff, female, age 40+ 

“I’ve always been interested in 

sport.  I love it and I have always 

loved it.”   

PCSO, male, age 40+ 

“I wanted to do this trial 

because somebody came in 

[to work] and did a fitness 

check.  After this health check 

I thought, no, I need to do 

something.”   

Police staff, female, age 40+ 

“In my day-to-day job I am sat behind 

a desk all day.”   

Police sergeant, male, age 18-39 
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What did participants think of the Fitbit and Bupa Boost app? 

On a scale of 1 to 5 (1 = lowest rating, 5 = highest rating): 

 The Fitbit was given an average rating of 4.7 for being easy to use and 3.9 for 

its usefulness in helping people to be more active  

 The Bupa Boost app was rated 3.6 for being easy to use and 3.2 for its 

usefulness 

 

The main positives and negatives were: 

 

At the end of the study, several participants talked about wanting to buy a Fitbit for 

their partner or family members. 

 

How much did participants actually use the technology? 

After 12 weeks… 

 

 

 

After 8 months… 

 

 

 

 

Why did so many participants stop using Bupa Boost? 

The most common reasons for not using the Bupa Boost app after 8 months were: 

 Preferring to use the Fitbit app or another app / finding no need for two apps 

 Not finding it helpful or motivating 

Fitbit 
+ Good user interface 
+ Range of features 
+ Small and lightweight 
+ Durable 
+ Easy to charge 
- Not waterproof 
- Not always accurate for monitoring heart rate 
- Not suitable for some types of activity (e.g. 
horse riding) 
 
 

Bupa Boost 
+ Flexible and personalised goal-setting 
+ Good for monitoring diet/nutrition, relaxation 
and mindfulness as well as physical activity 
- Poor user interface and difficult to find 
colleagues 
- Not enough automated tracking of activity 
- Did not link well with the Fitbit (or other devices) 
- Too many (and meaningless) notifications 
- Points and competitions were sometimes unfair 

97% of participants were wearing the 

Fitbit, for an average of 6.6 days a 

week and for 22 hours a day 

 

60% of participants were using Bupa Boost, for 

an average of 5.1 days a week.  Most of these 

logged in to the app for 1 to 5 minutes each day. 

 

83% of participants were still wearing 

the Fitbit, for an average of 6.5 days a 

week and for 21 hours a day 

 

Only 27% of participants were still using Bupa 

Boost, for an average of 5.1 days a week, and for 

1 to 5 minutes each day 
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 It was seen as too complicated / not user friendly 

 

Was there any impact on physical activity levels (up to 12 weeks)? 

 Overall, there was no increase in average daily step count between the 

beginning of the study and 12 weeks… 

 However, there was an increase in: 

o Total physical activity (by an average of 23 minutes/week or 465 MET-

minutes/week*) 

o Moderate and vigorous physical activity (by an average of 403 MET-

minutes/week*) 

 The least active participants (those with an average of less than 10,000 steps 

per day at the beginning of the study) seemed to benefit most: 

o Increase in steps by 1,028 steps/day on average 

o Increase in total physical activity by an average of 50 minutes/week or 

1,094 MET-minutes/week* 

o Increase in moderate and vigorous physical activity by an average of 

796 MET-minutes/week* 
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Was there any longer term impact on physical activity level? 

 Overall, there was no increase in average daily step count between the 

beginning of the study and 8 months… 

 However, there was an increase in: 

o Total physical activity (by an average of 19 minutes/week or 318 MET-

minutes/week*) 

o Moderate and vigorous physical activity (by an average of 421 MET-

minutes/week*) 

 Again, the least active participants (those with an average of less than 10,000 

steps per day at the beginning of the study) seemed to benefit most: 

o Increase in steps by 810 steps/day on average 

o Increase in total physical activity by an average of 42 minutes/week or 

1,068 MET-minutes/week* 

o Increase in moderate and vigorous physical activity by an average of 

840 MET-minutes/week* 

“The Fitbit itself did actually 

make me more conscious of 

what I was and wasn’t 

doing.  If I didn’t have [the 

Fitbit], I wouldn’t have any 

knowledge of how little I 

was doing.”   

Police constable, female, 

age 40+ 

“Generally, I'm trying to get 

10,000 [steps] a day.  I'm 

out doing a bit more 

walking as well, which I 

wouldn't have thought of 

previously.  I've actually just 

gone out a couple of nights 

and just gone for a walk 

around the block, which I 

wouldn't have done before.”   

Police sergeant, male, age 

18-39 

“I liked the fact that it 

recorded it weekly as well, 

so I could look at last week 

or the week before and say, 

‘I didn’t do quite as many 

steps, I need to do that this 

week’ or, ‘I beat the steps 

last week.’  That was good 

to compare it to something 

rather than just looking at it 

daily.”   

Police staff, female, age 18-

39 
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Changes in average daily step count from baseline (i.e. beginning of study) to 

week 6, week 12 and month 8: Participants with step count less than 

10,000/day at baseline 

n = number of participants 

 

+1041* (n = 47) +1028* (n = 49)

+810* (n = 33)
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“I wouldn’t tend to go out 

walking but now I find 

myself after an hour just 

getting out and going for a 

walk around and checking 

my steps quite a lot, so I still 

do it.” 

Police sergeant, male, age 

18-39 

“I would say it's had a really 

positive impact on me… I 

had a look back right to the 

very start, last year… I think 

my average step count was 

around 40,000 a week, 

something like that, and it's 

up at around 55-60,000 

consistently now, which is a 

big improvement.  It's just 

got me focused on every 

step counts.” 

Police inspector, male, age 

18-39 

“It has made me think.  It 

really has made me think 

about my lifestyle, my 

activity or lack of, being 

conscious of, if I’ve had a 

really lazy day, I need to do 

something.  I’m not going to 

get active sat in an armchair 

or at my desk.  You see it in 

black and white that you’ve 

been lazy today and you 

need to do more. ”   

Police staff, female, age 

40+ 
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Was there an impact on any other outcomes? 

There was no overall significant change in: 

- Sedentary time -    Physical health-related quality of life 

- Perceived stress -    Perceived productivity at work 

 

There was a small improvement in mental health-related quality of life from the 

beginning of the study to 8 months. 

Some participants reported feeling fitter and healthier, losing weight, having more 

energy and feeling less stressed.  Some noticed improved morale amongst their 

colleagues. 

We are still waiting for some data on sickness absences, but early indications are 

that there was no impact.  It may be difficult to draw any definite conclusions though 

as sickness absence is affected by many different factors. 

 

Did participants prefer the individual or social phase of the study? 

 56% preferred the individual phase (self-monitoring, goal-setting and 

earning wellness points and badges, weeks 1-6) 

 Only 7% preferred the social phase (social support, competing and 

comparing with colleagues, weeks 7-12) 

 37% liked both the individual and social phases equally 

Interestingly, there was no difference in physical activity level between the two 

phases. 

 

What were the views of managers, commissioners and occupational health 

staff? 

A separate survey with 10 managers, commissioners and occupational health staff 

found… 

 Wearable fitness technology was seen to be useful for the police force, but 

those surveyed believed it should be optional. 

 There were perceived benefits for officers and staff – improved fitness, health 

and wellbeing, reduced stress and fatigue, promoting “healthy competition” 

and supporting a “positive team culture”. 

“It’s fine to have aspirations to complete the goals, 

but if you’re doing it as a group or you’re competing 

against other people… with me it motivates me 

more anyway.”  Police constable, male, age 18-39 

“I’m probably not one for the social side of it, 

really.  I just prefer to monitor it myself 

rather than having to challenge other 

people.”  Police sergeant, male, age 18-39 
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 Benefits were also expected for the organisation - reduced sickness absence 

and presenteeism, a more resilient workforce, and improved morale and 

productivity. 

 All those surveyed would consider commissioning wearable activity monitors 

at a cost of around £80 per device. 

 

Were there any additional findings? 

 Sleep and stress were key themes; participants recognised that being 

physically active helped to improve these.  For many, the Fitbit helped with 

this awareness by monitoring activity, sleep and heart rate. 

 The main barriers to physical activity were shift work, time pressures, home 

and family commitments, health problems and the weather. 

 Suggestions for improving physical activity (and reducing sedentary time) in 

the police force included: 

o Designated time for exercise/improving wellness for all work streams 

o More health and wellbeing champions to organise group activities and 

workplace competitions 

o Greater individual support and feedback for annual fitness tests 

o More exercise facilities for small and rural police stations 

o Encouragement from managers and supervisors to take breaks away 

from the desk 

 

Is there a need for any further research? 

Yes.  The results of this study show that wearable fitness technology is a feasible 

and acceptable way to increase physical activity in the police force.  The findings 

suggest that it is likely to have a positive impact on activity levels in the short and 

longer term; however, we cannot draw any definitive conclusions on this as there 

was no control or comparison group and it is possible that changes might have 

occurred anyway.  A larger, controlled trial would improve our confidence in the 

results.  Further studies with other police forces in the UK will also tell us whether 

these findings apply more generally. 

 

 

 

 

 

1 Zimmerman, F.H. Cardiovascular disease and risk factors in law enforcement 
personnel: a comprehensive review.  Cardiology in review 2012; 20(4):159-66. 
 
*A MET (or Metabolic Equivalent of Task) is a measure of intensity of physical activity based on 

oxygen consumption, compared to when at rest.  A MET-minute refers to the intensity of activity in 

one minute. 
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