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ABSTRACT 
 

Background: Insufficient physical activity (PA) and high levels of sedentary 

behaviour (SB) are two distinct behaviours adversely associated with cardiometabolic 

risk factors for many non-communicable diseases. Given the global prevalence of 

insufficient PA and increased SB, interventions targeting these behaviours are public 

health priorities. Effective PA/SB interventions typically involve human interaction, are 

resource intensive, and have limited reach. The current unparalleled adoption of 

emerging technologies, such as smartphones, presents an ideal opportunity to investigate 

how these can be used to promote PA/SB change. 

Aim: To 1) identify emerging available technologies for PA/SB change, 2) test 

these technologies, and 3) develop and test an intervention building on understanding 

from 1 and 2.  

Methods: Four phases of research were undertaken: A systematic review and 

meta-analysis assessed current evidence of mobile health (mHealth)-based PA/SB 

interventions and a review identified off-the-shelf commercially available smartphone 

apps. Findings from the two reviews motivated the subsequent experimental studies. A 

pragmatic randomised controlled trial compared the effectiveness of two commercially 

available apps with usual care. A single group 8-week prospective study evaluated the 

feasibility and acceptability of a bespoke app.   

Results: Based on the reviews, current mHealth interventions have small to 

moderate effects on PA/SB outcomes, and top downloaded PA apps incorporate few 

behaviour change techniques. Findings from the RCT showed that off-the-shelf PA apps 

were not effective at promoting PA levels or fitness. Guided by a conceptual and a 

technological framework, a fully automated theory-based proof-of-concept adaptive 

smartphone-delivered intervention was developed to deliver behaviour change-content 

aimed at PA/SB change. Feasibility, acceptability, and shortcomings were identified that 

require optimisation in future iterations. 

Conclusion: An mHealth low-burden and easily scalable approach can contribute 

to promote behaviour change at population levels, but at present, mHealth-based 

interventions as a standalone for promoting PA and SB have either no or small sized 

effects on increasing PA and decreasing SB in the short term. Understanding how to best 
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harness mHealth technologies to maximise their potential will require interdisciplinary 

collaboration among behavioural, computer and engineer scientists.  
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CHAPTER 1. INTRODUCTION 
 

High levels of sedentary behaviour (SB) and insufficient physical activity 

(PA) are distinct behaviours shown to be adversely associated with cardiometabolic 

risk factors for many non-communicable diseases (NCDs). Effective strategies to 

increase PA and decrease SB are established research priorities in developing and 

developed countries.  Current and effective approaches to modify these behaviours, 

have typically involved face-to-face delivery or community or school-based 

programmes, which are resource intensive and have limited reach. Internet-delivered 

interventions have offered promise and are effective if people use them; however 

given the ubiquity of mobile phones, including smartphones, these offer enormous 

potential to deliver behaviour change interventions at the population level, 

increasing reach as well as providing targeted and tailored approaches. However, 

before more such interventions are designed and tested, there is a need to stocktake 

what is currently known on this topic and to determine what can be done to change 

the status quo. The overall goals of this thesis are to determine what is already 

known regarding interactive technologies for modifying PA and SB, identify gaps 

and opportunities in the existing knowledge base, conduct research to address these 

gaps, and synthesise the findings in order to inform novel solutions for the 

promotion of active behaviours, and contribute to future research directions. 

1.1. THESIS AIMS 

This thesis has three primary aims: 

1. To increase the understanding of the effectiveness of interactive, 

technology-based interventions to modify PA and SB. 

2. To evaluate the effectiveness of existing (’off-the-shelf’) smartphone 

applications to modify PA and SB. 

3. To develop and evaluate a bespoke technology-based intervention that is 

evidence-based and capitalises on technological modes of delivery to enhance 

behaviour change for PA and SB. 
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1.2. THESIS OBJECTIVES 

The objectives of this thesis are: 

1. To review what is already known about emerging technology-based PA 

and SB interventions, and identify gaps in the literature (Chapters 2 and 3) 

2. To assess technology-based PA and SB tools commercially available to 

the public (Chapter 4)  

3. To evaluate the effectiveness and acceptability of off-the-shelf technology-

based PA promotion tools available to the public comparing it with usual care 

(Chapters 5 and 6) 

4. To design and develop a bespoke technology-based intervention for 

modifying PA and SB - TODAY application, and demonstrate proof-of-concept 

(Chapter 7) 

5. To evaluate the effectiveness and acceptability of the TODAY 

intervention for PA and SB change (Chapter 8) 

6. To synthesise findings from the literature and the research presented in 

Chapters 3 to 8 to identify implications for practice, opportunities for further 

development, and new directions for mobile health-technology-based PA and SB 

change (Chapter 9) 

1.3. THESIS STRUCTURE 

This thesis comprises two reviews and two experimental studies reported in 

six chapters: 

Chapter 2: Provides an overview of background literature relevant to PA and 

SB change in order to place the subsequent chapters in context. The chapter presents 

the burden of disease attributed to insufficient PA and high levels of SB, describes 

current PA and SB guidelines, reviews common approaches to promotion of PA and 

SB change, and concludes by introducing the emerging field of mobile health 

intervention delivery approaches and its potential advantages. 
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Chapter 3: Describes the methods and reports the findings from a systematic 

review and meta-analysis that evaluated the effectiveness of mobile health-based 

interventions for PA and SB change, in comparison to usual care or minimal 

intervention. 

Chapter 4: Describes the methods and reports the findings of a review of top-

downloaded mobile health smartphone applications for PA promotion that are 

commercially available to the public. 

Chapter 5: Describes the methods and design of a pragmatic randomised 

controlled trial to evaluate the effectiveness of two top-downloaded commercially 

available apps in comparison to usual care. 

Chapter 6: Describes the findings of the effectiveness trial described in 

Chapter 5. 

Chapter 7: Describes the development and content of a bespoke, proof-of-

concept mobile health delivered intervention for PA and SB change. 

Chapter 8: Describes the findings of a pilot-study of the proof-of-concept 

intervention described in Chapter 7. 

Chapter 9: Reviews the key findings from the thesis and gives a critical 

account of how the research makes a cohesive contribution to the promotion of PA 

literature. Implications of the findings are discussed, and recommendations for both 

future development and research are presented within this field. 
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CHAPTER 2. BACKGROUND 
 

2.1. THE PROBLEM – INSUFFICIENT PHYSICAL ACTIVITY 

NCDs, such as cardiovascular diseases, cancers, and diabetes are the leading 

causes of death worldwide. In 2012 alone, NCDs were responsible for 38 million 

(68%) of the 56 million deaths that occurred in the world (1). Much of the disease 

burden associated with NCDs could be avoided through evidence-based preventive 

and treatment interventions (2) that target common modifiable risk factors 

responsible for the development of such diseases. The global action plan for the 

prevention and control of NCDs established a target for six modifiable risk factors 

(i.e. use of alcohol, tobacco, salt intake, raised blood pressure, diabetes and obesity), 

including a 10% relative reduction of  physical inactivity in order to reduce 

premature mortality by 25% by 2025 (3). 

 

2.1.1 Definition of Physical Activity 

PA, exercise, and physical fitness are distinct concepts often used 

interchangeably in health-related research. PA is defined as “any bodily movement 

produced by skeletal muscles that results in energy expenditure” (4). PA occurs 

across a range of contexts and is typically categorised according to the domain 

where it occurs, such as occupational-, leisure-, transport-, or household-related (5, 

6). Besides categorising PA according to the domain where it occurs, PA can also be 

partitioned according to intensity. Light-intensity activity (LPA), which is distinct 

from SB, is associated with an energy expenditure value of 1.6 to 2.9 metabolic 

equivalent of task units (METs), and includes activities such as slow walking, 

cooking, and washing dishes. METs are multiples of resting energy expenditure 

values, where 1 MET is equivalent to rest. Moderate-intensity activity (MPA) 

corresponds to 3-5.9 METs, and includes activities such as brisk walking, dancing, 

gardening, and housework, while vigorous-intensity activity (VPA) is associated 
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MET values greater than 6, and includes activities such as swimming, running, and 

bicycling.(7)  

Exercise is defined as “a subset of PA that is planned, structured, and 

repetitive and has a final or an intermediate objective – the improvement or 

maintenance of physical fitness” (4). Lastly, physical fitness refers to “a set of 

attributes that are either health- or skill-related” (4). While both PA and exercise are 

correlated with physical fitness, the correlations are stronger for exercise because of 

its inherent planned, purposive and structured nature (8). All individuals perform PA 

to sustain life, but the levels and intensities vary considerably between individuals 

and within an individual over time. Consequently, all individuals undertake PA and 

have a degree of physical fitness – all are active or fit to a greater or lesser extent 

(4). 

2.1.2 Benefits of Physical Activity 

PA has beneficial effects on more than 20 diseases or health conditions(9). 

An active lifestyle including PA and exercise is one of the core modifiable risk 

factors for many chronic diseases (10). Epidemiological evidence from population 

level cohort studies has shown that individuals who are more physically active 

benefit from improved health status and superior quality of life compared to their 

counterparts who are less active. These observational studies with very large 

samples have also confirmed the association between PA/exercise and all-cause 

mortality (11-13). Experimental evidence from randomised controlled trials has 

further strengthened this body of evidence by showing similar positive findings 

among a number of chronic disorders (14, 15) and other diseases such as 

osteoarthritis (16) and cancer (17). PA/exercise also reduces the risk of 

neurodegenerative disorders such as dementia and has positive effects on mental 

health (18, 19); and can improve the metabolic profile of overweight individuals 

even in the absence of weight loss (20, 21). Remarkably, recent evidence from a 

meta epidemiological study including data from 305 randomised controlled trials 

with 339,274 participants showed PA yields comparable benefits to medications in 

the prevention of diabetes and in the secondary prevention of coronary heart disease 

(22). 
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2.1.3 Physical Activity Guidelines 

While it has been argued that the importance of PA is underestimated by 

many public health and clinical medicine professionals (23), a recent report from the 

Academy of Medical Royal Colleges stressed the importance of PA and reviewed its 

effectiveness in primary and secondary prevention, as well as in the treatment and 

management of many chronic diseases (9). The importance of an active lifestyle is 

also endorsed by entities like the American College of Sports Medicine (24) and the 

World Health Organization in initiatives such as Health Enhancing Physical Activity 

(25). Likewise, the importance of PA is reflected on guidelines endorsed by many 

countries’ public health agencies.  

Currently, the best available evidence suggests that adults and older adults 

should partake in a minimum of 150 minutes per week to achieve health benefits. 

The New Zealand Ministry of Health recommends that adults undertake 30 minutes 

of MVPA (e.g., brisk walking or equivalent vigorous activity) at least five days per 

week (26, 27). To illustrate, this can be achieved via three 10-minute walking bouts 

per day. For young people (i.e. children and adolescents), the recommended 

minimum is 60 minutes per day of MVPA. 

Notably, the beneficial effects of PA can occur at low levels of activity (150 

min/week) and the largest health gains occur in the least active individuals initiating 

behaviour changes towards more activity (28). Yet, for some individuals, current PA 

guidelines may still prescribe goals that are too distal to their current behaviour 

and/or ability. Little attention has been given to changing LPA behaviours despite 

the fact that these may be more feasible to change than MVPA. However, the body 

of evidence showing that interventions promoting LPA also provide important health 

benefits (29) is growing, such as walking promotion interventions, 

2.1.4  Prevalence of Inactivity 

Individuals who engage in little or no PA (i.e. less than 30 minutes of PA per 

day) are described as physically inactive. Despite the considerable health benefits of 

engaging in regular PA, worldwide population levels of PA are disappointing, 

particularly for young people (i.e. children and adolescents). According to 2012 

data, worldwide, 31.1% (95% CI 30.9-31.2) of adults are insufficiently active, with 
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estimates varying between 27.5% (Africa) to 43.3% (Americas). Physical inactivity 

is more prevalent in countries of high income (30). Young people demonstrated the 

highest levels of inactivity. Worldwide, 80.3% (95% CI 80.1-80.5) of adolescents 

aged 13 to 15 years do not achieve current physical activity recommendations (30). 

In New Zealand (NZ), 49.3% of adults are insufficiently active (26), while 67.7% of 

15 to 19 year olds do not comply with these guidelines. 

2.1.5 Health consequences of inactivity 

Physical inactivity has been positioned as one of the most important public 

health problems of the 21st century (23). Given the large body of evidence in 

support of the many positive health benefits of exercise, physical inactivity is 

currently ranked as the fifth leading cause of disease burden, alongside smoking as 

one of the top modifiable risk factors (10). Worldwide, inactivity causes 9% (range 

5.1-12.5%) of premature mortality, or more than 5.3 million of the 57 million deaths 

that occurred in 2008. If inactivity was decreased by 10% or 25%, more than 533 

000 and more than 1.3 million deaths, respectively, could be avoided every year 

(31). Moreover, insufficient activity is estimated to account for more than 2% of 

global disability-adjusted life years in 2010 and about 3.2 million deaths annually 

can be attributed to insufficient PA (10). Estimates also show that elimination of 

physical inactivity could increase the world’s population life expectancy by 0.68 

(range 0.41-0.95) years. Therefore, shifting the activity patterns of inactive 

individuals towards increased activity was recently considered a cornerstone for 

combating NCDs by the United Nations. 

Besides the health consequences of insufficient activity, inactivity also 

results in increased health-related costs. National estimates from developed countries 

like Australia, Canada, and the U.S. indicate between 1% to 2.6% of total health care 

costs are directly attributed to physical inactivity (32). Moreover, the health burden 

of inactivity is further reflected in indirect productivity losses due to disability and 

premature death (32). Based on Australian health insurance claims data, estimates of 

annual health-related median costs showed that physical inactivity was associated 

with higher health-related costs. Costs were AU$689 (interquartile range (IQR) = 

274 to 1541) in highly active individuals and AU$741 (IQR = 279 to 1960) in 

inactive participants. After adjustment for other health indicators, the median health-
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related costs were AU$94 higher per year (CI = 57 to 131) in inactive participants 

than in their more active counterparts (33). 

In NZ, the costs of physical inactivity, including direct costs (i.e. disease 

treatment in the health care system), indirect costs (i.e. living with disease, 

disability, premature death, and lost productivity), and other costs (i.e. promoting 

activity campaigns) were estimated to be NZ$1.3 billion in 2010 (34).  

 

2.2. THE PROBLEM – HIGH LEVELS OF SEDENTARY 

BEHAVIOUR 

2.2.1 Definition of Sedentary Behaviour 

Increased research on SB and its health consequences and associated 

terminology inconsistencies highlighted the need to establish a definition of SB in 

order to better distinguish between physical inactivity (i.e. absence or insufficient 

PA) and a sedentary lifestyle (i.e. high levels of SB, such as too much sitting) (35). 

Therefore, SB is defined as “any waking behaviour characterized by an 

energy expenditure ≤ 1.5 METs while in a sitting or reclining posture” (36). These 

include activities that do not increase energy expenditure significantly above resting 

levels, such as sitting, watching TV, playing video games, and reading a book.  

2.2.2 Sedentary Behaviour Guidelines 

While currently most countries do not have specific guidelines targeting SB, 

PA guidelines have started to include recommendations for screen-based sedentary 

pursuits and SB, particularly for young people (i.e. those aged 5-18 years). A 

number of countries, including Australia, Canada, and U.S. have developed SB 

guidelines. The Canadian sedentary behaviour guidelines for young people (i.e. 5-17 

year olds) recommend that SB should be minimised every day by limiting 1) 

recreational screen time to less than 2 hours per day, 2) motorised transport, 3) 

extended sitting time, and 4) time spent indoors (37). Australia’s PA and SB 

guidelines for adults (i.e. 18-64 year olds) recommend minimising the amount of 

time spent in prolonged sitting and to break up sitting as often as possible (38). NZ’s 
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recently published Eating and Activity guidelines for NZ adults include five main 

activity statements, of which one targets SB: “Sit less, move more! Break up long 

periods of sitting” (27). NZ PA guidelines recommend that young people (i.e. those 

aged 5-18 years) spend no more than 2 hours in front of televisions, computers and 

game consoles per day (out of school time) (26).  

2.2.3 Estimates of Sedentary Behaviour 

Individuals now drive cars, sit in front of computers or other screens, and 

have a multitude of labour-saving appliances that altogether contribute towards 

increased sedentary time (39). However, total sedentary time has not frequently been 

quantified. One of the first accelerometer-based studies providing objective 

measurement of SB with data from a large sample (N = 6329) of U.S. adults showed 

on average individuals spent 55% or 7.7 hours/day of their waking time being 

sedentary, with higher estimates for both older adolescents and adults (40). Using 

accelerometers to objectively quantify SB demonstrated twice as much time spent in 

sedentary pursuits compared to estimates based on self-reports of screen-based 

behaviours (40). Measuring behaviour using accelerometers reveals that individuals 

spend most of the day being sedentary – 8 to 10 hours per day – and LPA – 5 to 6 

hours per day. Hence, for most individuals, time spent in MVPA –the intensity 

targeted on PA guidelines and most PA interventions – is almost negligible (41, 42). 

While population-based data quantifying SB is scarce, television viewing 

time data (a proxy measure likely to underestimate total SB) from the NZ Health 

Survey shows 44.8% (CI 42.5-47.1) of children watch two or more hours of 

television per day, down from 53% in 2011/12 (26). A survey examining SB among 

NZ young people aged 5-24 years found participants spent 521 minutes on SB per 

day, of which 181 minutes were screen-based activities and 340 minutes of non-

screen activities (43). These represent a significant portion of the participants’ 

waking time and are in line with reports from Western societies. 

2.2.4 Health consequences of sedentary behaviour 

High television viewing time (defined as 2 hours/day to more than 4 

hours/day) has been shown to be associated with deleterious effects on biomarkers 

such as 2-h plasma glucose (44) and health outcomes such as waist circumference, 
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systolic blood pressure, and cardiovascular disease risk (45). Moreover, such 

associations held after adjustment for PA.  

A more comprehensive indicator of SB, overall sitting time, has been shown 

to be a risk factor for all-cause mortality. On a prospective cohort study including 

222 497 individuals aged 45 years or older with a mean follow-up of 2.8 years, all-

cause mortality hazard ratios increased with sitting time in hours/day. Specifically, 

hazard ratios were 1.02 (95% CI, 0.95 to 1.09), 1.15 (1.06 to 1.25), and 1.40 (1.27 to 

1.55) for 4 to less than 8 hours/day, 8 to less than 11hours/day, and 11 or more hours 

per day of sitting, respectively, compared with less than 4 hours per day. These 

associations were maintained after adjusting for various confounding variables, 

including PA and BMI (46). 

2.2.5 Sedentary Behaviour AND Physical Activity 

Historically, SB has been conceptualised as physical inactivity, or 

participating in little or no PA. While these concepts are interrelated, current 

research focuses on SB as a distinct class of sitting behaviours independent to 

engagement in PA. Evidence is growing that demonstrates that the effects of SB on 

health are independent from the effects of insufficient PA (47). The field of 

sedentary physiology has emerged as a distinct field from exercise physiology and 

advocates that the detrimental effects on health arising from high levels of SB are 

different to those arising from low levels of MVPA (48). On one hand, sitting, the 

most common form of SB, may increase risk of disease independent of levels of 

MVPA. On the other hand, prolonged sitting in individuals who are insufficiently 

active further increases risk of disease (48, 49). Therefore, SB and PA are two 

distinct concepts/behaviours and both have been independently associated with 

varying degrees of health risk. However, it is also important to consider the 

interrelationships between both. 

Individuals can accumulate large amounts of both MVPA and SB throughout 

the day (44, 50, 51) (e.g. an office worker that is active outside work). 

Epidemiological observational evidence shows individuals who accumulate high 

amounts of SB – mainly quantified via the proxy measure of self-reported television 

viewing time – are at increased risk of morbidity (52) (e.g. metabolic syndrome, 

adverse levels of insulin and blood glucose) and mortality (i.e. from all-causes and 
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cardiovascular disease) independently of their MVPA levels (53-55). While it is 

plausible that the detrimental risks described above may be even stronger when 

taking into account that TV viewing time is only one of many contributors to total 

SB, it is also argued that TV viewing typically is associated with unhealthy 

snacking, which is a covariate difficult to control for in such analyses. Therefore, 

emerging evidence using objective measures of SB will contribute to more 

accurately quantify the health risks of SB (56). Most epidemiological studies suggest 

that more time spent on SB is associated with greater cardiovascular disease risk and 

mortality, however, of the few studies using accelerometer assessed SB it appears 

that these same  associations are attenuated and more research is warranted (57). 

 Importantly, increased breaks in sedentary time have been shown to be 

beneficially associated with metabolic risk, namely with waist circumference 

(standardized beta = -0.16 (95% CI -0.31 to -0.02), BMI (beta = -0.19, 95% CI -0.35 

to -0.02), triglycerides (beta = -0.18, 95% CI -0.34 to -0.02), and 2-h plasma glucose 

(beta = -0.18, 95% CI -0.34 to -0.02) (58). Concurrently, experimental controlled 

laboratory studies have demonstrated metabolic and other health-related impacts of 

high levels of SB. One such study investigated the effects of uninterrupted sitting on 

plasma glucose and serum insulin compared with either 1) sitting interrupted by 

LPA, and 2) sitting interrupted by MPA. Both glucose and insulin were reduced 

after LPA (24% and 23%, respectively) and MPA (30% and 23 %, respectively). 

Remarkably, both intensity conditions produced comparable reductions in glucose 

and insulin, arguing the importance of breaking up sitting time (59).  

SB and PA have independent and interdependent effects on health (49).  

While there is a call for more longitudinal epidemiological studies with objective SB 

measurement (35), a recent meta-analysis (N = 41 studies with statistical adjustment 

for PA, mostly prospective cohort designs) showed adults with greater SB had 

increased risk of all-cause mortality (Hazard Ratio (HR) = 1.24), cardiovascular 

disease mortality (HR = 1.18) and incidence (HR = 1.14), cancer mortality (HR = 

1.16) and incidence (HR = 1.13), and type 2 diabetes incidence (HR = 1.91), 

independent of PA levels (60). However, for all-cause mortality (6 studies, N = 

741588), this association was less pronounced as participation in PA increased (HR 

= 1.46, CI 1.22-1.75 for low PA, high SB; and HR = 1.16, CI 0.84-1.59 for high PA, 

high SB) (60). In one such study, data from more than 240,819 adults followed over 



Chapter 2 - Background 

 12 

8.5 years showed individuals free from disease at baseline who reported high levels 

of SB had increased risk of all cause, cardiovascular, and cancer mortality, even 

after adjustment for MVPA. Of note, engagement in high levels of MVPA did not 

fully diminish health risks associated with prolonged SB (61). 

In summary, given the evidence of the detrimental health effects of high 

levels of SB even in physically active adults, there appears to be a strong case 

suggesting that public health interventions should not only target increases in PA but 

also aim to reduce and/or interrupt prolonged sedentary time (62). Nonetheless, 

further research is warranted, as SB measurement requires improvement in order to 

adequately be distinguished from LPA. More recent sensing technologies, such as 

the activPAL accelerometer and inclinometer (63), are more sensitive to posture 

changes and allow differentiation between periods spent sitting or lying (i.e. SB), 

standing (i.e. LPA), and walking (i.e. MPA). 

2.3. WHY AREN’T INDIVIDUALS ACTIVE ENOUGH? 

 Making positive behaviour changes is difficult as individuals’ dispositions 

are to engage in activities that they enjoy and avoid displeasing ones. Many 

behaviours conducive to good health require doing things one may not like, and PA 

is no different. While being active has many health benefits, these do not come 

without effort, energy, and time demands. 

A number of different factors, such as physiological, psychological, social, 

behavioural, and environmental play a role in explaining why individuals choose or 

not to include PA in their routines. While some personal (e.g. age, gender, ethnicity, 

education, socioeconomic status) and environmental (e.g. social environment, built 

environment) factors/determinants are permanent or unlikely to be modified, many 

others may be affected with some degree of success. Therefore, to better intervene to 

influence individuals to engage in PA, knowledge of why individuals engage or not 

in PA is paramount, as interventions will target the factors known to cause inactivity 

(64). Literature reviews have identified and summarised the determinants of PA (i.e. 

predictors of participation) in adults (65-67) and young people (68). While an 

ecological framework perspective acknowledges that behaviour is not only affected 

by psychological and behavioural factors, but also wider environmental and societal 
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factors (e.g. policy), we focused on the former. Self-efficacy (i.e. perceptions of 

ability to engage in PA), lack of perceived barriers, social support, expected 

outcomes from being active (i.e. benefits), feelings of enjoyment, and intrinsic 

motivation have been identified as consistent influences in PA that are amenable to 

change.  

To better explain the factors that engender or inhibit behaviour change, it is 

important to describe evidence-based theories and theoretical frameworks used to 

explain and predict PA behaviour. The following section provides an overview of 

commonly used theories and models applied in PA behaviour research. 

2.3.1 Self-efficacy Theory 

 Self-efficacy is an individual’s situation specific belief in his/her capabilities 

to perform a behaviour (69). It is a component of Social Cognitive Theory (69) and 

posits that motivated individuals to learn a behaviour will learn it by observation and 

if positively reinforced. There are five main sources of self-efficacy: (1) mastery 

performance experience, which is the main source of self-efficacy and refers to past 

successes/failures preforming the task/behaviour; (2) vicarious experience, which 

refers to the influence of observing others’ succeeding/failing performing 

tasks/behaviours; (3) verbal persuasion, which refers to verbal praises/negative 

comments from significant others; (4) physiological state, which may cue the 

individual’s ability perceptions via factors such as increased heart rate and sweating; 

and (5) emotional state, which refers to past successes/failures and the moods 

associated with those experiences. 

 The relationship between self-efficacy and PA is reciprocal in that self-

efficacy beliefs are associated with the initiation and maintenance of behaviour and 

also PA engagement is associated with increases in self-efficacy (70). Multiple 

studies and reviews have demonstrated that improving self-efficacy beliefs leads to 

increases in PA (71).  

2.3.2 Self-determination Theory 

Many people are either insufficiently or not motivated at all to engage in PA 

despite current recommendations. Individuals may not prioritise being active over 
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competing life requests (e.g. family, career, or education obligations) or may not feel 

capable to be active (e.g. skilled, have health limitations) (72). Among those who 

engage in PA behaviours, some truthfully choose to be active or active because they 

enjoy it (i.e. autonomous motivations), while others feel required to do so (i.e. 

controlled motivations). The later types of motivation, which are more externally-

driven, are typically associated with poor behaviour maintenance over time (73). 

Self-determination theory (SDT) is a comprehensive theory of motivated 

behaviour focused on the realisation and fulfilment of human needs (72, 74). A key 

feature of SDT is the distinction between types of motivation, which generally can 

be intrinsic or extrinsic and go along a continuum from non-autonomous (i.e. 

controlled) to completely autonomous forms of motivation. Intrinsic types of 

motivation are determined by doing an activity because of its ingrained satisfaction 

and induce feelings of enjoyment and personal accomplishment. Conversely, 

extrinsic types of motivation are defined by doing an activity in order to obtain a 

tangible outcome (e.g. reward). 

In order to foster more intrinsic types of motivation, individuals need to 

experience and satisfy basic psychological needs for autonomy, competence, and 

relatedness in their activities (72). Within the PA domain, autonomy perceptions 

vary according to styles of communication in the PA promotion settings and are 

stimulated by supporting one’s choices and acknowledging the individual’s 

perspective. Competence perceptions vary according to completion of tasks and 

feedback and are stimulated by optimally challenging tasks. Relatedness perceptions 

vary according to the interpersonal environment and are stimulated by the care and 

involvement of those around the individual (73). Since the degree of satisfaction of 

these psychological needs is linked with individual differences in types of 

motivation, interventions that effectively improve individual’s autonomy, 

competence, and relatedness are needed. 

2.3.3 Theory of Planned Behaviour 

 Among social-cognitive theories, which posit that individuals deliberate 

according to their beliefs before forming an intention to engage in the behaviour, the 

Theory of Planned Behaviour (TPB) is well studied (75). According to TPB, 

intentions to engage in behaviours can be predicted from attitudes towards the 
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behaviour, subjective norms, and perceived behavioural control. Intentions indicate 

how much effort individuals are willing to make use of to perform a behaviour. 

Attitudes towards the behaviour refer to the individual’s assessment of the behaviour 

and the extent it considers it advantageous or disadvantageous. Subjective norms 

refer to the perceived social pressure to engage or not in the behaviour. Perceived 

behavioural control refer to the perceived capacity based on past experience and 

anticipated barriers to perform the behaviour. 

 The importance of the three determinants of intentions to perform a 

behaviour varies according to the behaviour and situation (e.g. in some cases only 

attitudes have a significant impact on intentions, in other cases all three predictors 

make independent contributions). The TPB is an integration of the theory of 

reasoned action and the social cognitive theory (76), with Bandura’s self-efficacy 

construct aligning with perceived behavioural control, which has been shown to 

have large effects on PA intentions (77). 

2.3.4 Immersion / Transportation Theory 

The concept of immersion deserves attention given the proliferation of 

interactive technologies such as videogames targeting healthy behaviors as PA. 

Individuals playing videogames often experience a deep state of interest, whereby 

players are living the moment and self-conscience wanes out (78). Such deep and 

optimal engagement, during which individuals are fully involved in the moment, has 

been described as “flow” by Csikszentmihalyi (79). Interactive technologies such as 

videogames offer a safe (virtual) environment where individuals are allowed to 

explore, fail, learn, and practice skills, all of which can contribute to the 

effectiveness of embedded health messages. However, the effectiveness of such 

interactive games and technologies depends on how engaging and successful they 

are in captivating their audience.  

 An important game design element linked to effectiveness is its narrative or 

story, which may induce a state of transportation or immersion. Close to the concept 

of flow, narrative transportation/immersion is a state whereby an individual becomes 

absorbed in the virtual/narrative world (80). Individuals “receiving” a story may 

experience a feeling of entering a world evoked by the narrative through elements 

such as (1) affection for the story characters, whereby individuals try to understand 
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the experience of characters; and (2) imagery, whereby individuals imagine the story 

plot vividly as if they are experiencing the events themselves (81). Recent research 

showed nnarrative transportation, through its persuasive effects may lead to changes 

in individuals’ beliefs, attitudes, and intentions (82).  

Therefore, a narrative with immersive properties may be a useful strategy for 

persuasive health communication as immersion likely augments attention to (health) 

messages. Such narratives can complement existing behavioural change theories as 

the ones briefly discussed above (i.e. SE, SDT, TPB). For instance, immersion may 

lead to increased positive attitudes towards PA more strikingly than standard 

instruction by allowing individuals to experience a character’s satisfaction of being 

active. Immersion may lead to positive emotional arousal and consequently to 

increased self-efficacy beliefs as it is a powerful state of arousal and attention. 

Narrative characters can lead to increased self-efficacy through their actions by 

means of vicarious experiences. Immersive narratives can also lead to increased 

intrinsic motivation as individuals experiencing the role of the characters want to 

succeed and progress the game to finish the story (81, 83). 

A randomised trial of a health videogame designed to improve children’s diet 

and PA behaviours using an immersive narrative showed increased levels of 

immersion to be related with more positive health outcomes, specifically 

improvements in PA self-efficacy (84). Moreover, a recent randomized study 

investigating the motivational effect of a narrative compared a non-narrative active 

videogame to an active videogame with narrative and found the latter significantly 

increased step count compared to the former (85). 

2.3.5 Integrated Behaviour-change Model 

 There are many variables consistently related to PA that are not integrated or 

accounted for in current theories (or combination of theories). The Integrated 

Behaviour-Change Model (IBCM) proposes psychological factors and processes that 

regulate PA from different psychological theories. Limitations of past and recent 

psychological theories such as the PA intention-behaviour gap and weak 

associations between core constructs (86, 87) led to the development of models that 

combine constructs from different theories in an attempt to explain the psychological 

influences on PA behaviour change (88). The IBCM extends beyond deliberative or 
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explicit intentional (i.e. theory of planned behavior (75)) and motivational (i.e. self-

determination theory (89)) processes by also taking into account volitional processes 

(i.e. action planning (90)) and the non-conscious or implicit processes of behaviour 

(i.e. impulses (91)).  

Distinctive aspects of this model are (1) the recognition that motivation is 

one condition but not the sole requirement for behaviour enactment and that to 

convert intentions into behavior, processes such as action planning are essential; and 

(2) the incorporation of impulsive factors that guide behaviour in parallel with the 

more conscious and deliberative processes. First, since individuals’ intentions are 

frequently insufficient to engage in behaviour (86), a volitional phase whereby 

individuals form a plan to act has been proposed and shown to contribute toward PA 

behavioral enactment (92). Second, since non-conscious impulsive factors beyond 

the individuals’ awareness also influence health behaviour (93), the IBCM 

incorporates implicit constructs together with the more deliberative processes in 

agreement with dual-systems theories (91). 

2.4. INTERVENTION DESIGN 

Behavioural science, psychological theories and models have a key role in 

guiding the design of interventions to promote healthier behaviours as they point out 

the factors that should be targeted in the intervention (94). Since existing single 

theories do not incorporate many of the documented correlates and determinants of 

PA and consequently may not be ideally suited to understanding PA behaviour, 

using more comprehensive models that integrate alternative constructs may be 

necessary. We chose the Integrated Behaviour Change model as a framework to 

guide the intervention design. PA is a complex behaviour to be covered by a single 

theory and the IBCM integrates existing theories with influencing constructs outside 

of current theories (64).  

2.4.1 Intervention Mapping 

To combine theories, models, previous research, and ideas, the Intervention 

Mapping (IM) framework provides a systematic approach to use theory in the 

selection of components and design of interventions. IM comprises five fundamental 

steps that guide the design, implementation, and evaluation of an intervention (95). 
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The first step – (1) proximal program objectives – involves linking behavioural or 

environmental performance objectives with the theoretical and research-based 

determinants of behaviour amenable to change. The second step – (2) theoretical 

methods and practical strategies – aims to create a list of intervention methods 

(theoretically or empirically derived) to influence the determinants of behaviour that 

are linked to the proximal objectives of step 1 and translate such methods into 

strategies/practical ways of delivering it. The third step – (3) design program – 

consists of a plan for the production and delivery of the program and comprises the 

operationalisation of intervention strategies and their delivery channels, designing 

the program materials, and producing and pretesting the program materials. The 

forth step – (4) adoption and maintenance – culminates with a plan ensuring the 

delivery of the intervention at acceptable levels of completeness and fidelity and 

comprises adapting the intervention to specific organizational objectives, specifying 

adoption and implementation performance objectives, its determinants, and 

respective methods and strategies to be used to promote the dissemination, adoption, 

implementation and maintenance of the program. Lastly, the fifth step – (5) 

monitoring and evaluation – is a plan to evaluate the intervention effects on 

outcomes such as determinants and behavior, a time frame for the evaluations, and it 

allows for formative and process evaluation of the program (e.g. rate of 

dissemination, participant exposure, reactions).  

2.4.2 Behaviour Change Techniques 

While biomedical and pharmacological interventions demand clear content 

descriptions (e.g. chemical formulas, active ingredients), behaviour change 

interventions, which comprise a multitude of interacting components, in general are 

insufficiently described (96). Characterising the content of behaviour change 

interventions in terms of behaviour change techniques employed contributes to the 

accumulation of evidence on the science of behaviour change. BCTs are 

“observable, replicable, and irreducible” (97) components of interventions designed 

to promote behavioural changes. Extracting information about intervention content 

using an established taxonomy provides insight into the active ingredients of 

interventions and may help guide future intervention development. 
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Taxonomies have been developed specifying the content of behavior change 

interventions in terms of BCTs (98, 99), and have been used in meta-regressions 

linking BCTs to intervention effectiveness (100, 101). For example, interventions 

combining self-monitoring, goal-setting and action planning were shown to be more 

effective than interventions not incorporating such BCTs (100). The hierarchical 

classification is now available and incorporates 93 BCTs (97). The taxonomy is a 

comprehensive hierarchically-structured set of BCTs that is useful to design 

interventions and specify intervention content in detail. 

2.5. INTERVENING 

Current environments make promotion of PA an audacious goal, due to the 

promotion of lifestyles designed to reduce or completely remove opportunities to be 

active. The need to promote PA has never been as timely as evidenced by current 

estimates of inactivity. Large proportions of the population are not meeting 

recommended levels of physical activity and have increasingly sedentary lifestyles. 

Because low levels of PA are predictive of poor health outcomes and increased time 

spent sedentary is associated with many risk factors independently of PA levels, 

finding approaches to intervene in the lifestyles of inactive individuals is important 

for preventing disease, disability and mortality. As behaviour contributes to the 

cause of much current morbidity and mortality, interventions to change behaviour 

are crucial. 

2.5.1 Common approaches 

A multitude of health behaviour change interventions aiming to promote PA 

have been developed and evaluated. Since many individuals fail to achieve current 

PA guidelines, whole of community intervention approaches appear promising due 

to their potential of exposing a substantial proportion of the population to PA 

promoting interventions. Whole of community interventions use multiple 

approaches to target a variety of inactivity and insufficient PA determinants, such as 

environmental and policy-related (102). Examples of whole of community 

interventions are social marketing and communication strategies, environmental 

changes (e.g. creating cycling lanes or walking trails), working within community 

settings (e.g. community centers, schools), or working with governmental or non-



Chapter 2 - Background 

 20 

governmental organisations to promote PA. A Cochrane systematic review of whole 

of community multi-strategy interventions to increase PA reported inconsistent 

findings and concluded that the interventions did not produce significant PA 

improvements at the population level (103). Nonetheless, interventions that are less 

efficacious but that have the potential to be delivered to large numbers of individuals 

(i.e. adoption and reach) may still have a more widespread impact and consequently 

have public health significance, as  argued by the RE-AIM framework (104, 105). 

A Cochrane systematic review including 10 randomised controlled trials 

(RCTs) of face-to-face interventions to promote PA (N=6292 healthy adults, 18-95 

years) concluded that PA promoting interventions have a positive moderate sized 

effect on self-reported PA (pooled SMD 0.19, 95% CI 0.06 to 0.31) and on 

cardiovascular fitness (two studies, N = 349 participants; SMD 0.50, 95% CI 0.28 to 

0.71) at one year (106). However, there was considerable heterogeneity between the 

studies and the long-term effectiveness was not established as most studies ceased 

after 12 months.  

Common approaches for intervening in young people have included school-

based programs. A Cochrane systematic review of school-based PA interventions 

targeting areas such as curriculum, teacher training, educational materials, and 

accessibility to exercise equipment (44 randomised controlled trials, N=36,593, age 

6-18 years) provided some evidence of effectiveness for increasing time spent in 

MVPA from 5 to 45 minutes more per day and cardiovascular fitness from 1.6 to 3.7 

mL/kg/min of oxygen uptake (107). However, included studies were at moderate 

risk of bias, with the majority having relied on self-reported activity. 

A recent meta-analysis of RCTs of interventions aiming to reduce SB in 

adults (34 studies, N=5868) showed reductions of 22 min/day in SB time in favour 

of the intervention group (95% CI -35 to -9 min/day). Lifestyle interventions 

targeting either PA/SB and diet reduced SB by 24 min/day (N=3981, 95% CI -41 to 

-8 min/day), while those targeting SB only reduced SB by 42 min/day (N= 62, 95% 

CI -79 to -5 min/day) and those targeting PA only or PA/SB had no effects. While 

findings suggest lifestyle and interventions targeting SB only are promising, the SB 

only studies were of low quality and caution is warranted (108). 
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A substantial body of literature provides evidence of the effectiveness of 

interventions for PA and SB. The vast majority have targeted the individual and 

resulted in effective interventions to change these behaviours and improve health. 

However, implementing these interventions to reach a large number of individuals 

and have population impact remains a challenge. Most interventions have been 

delivered in face-to-face settings, are resource intensive, and not easily scalable. 

Evidence on the effectiveness of interventions delivered through means such as the 

telephone and Internet programs has been mixed (109). Nonetheless, because 

electronic health (eHealth) approaches rely on little or no face-to-face contact, the 

potential for reaching individuals and be cost-effective is greater (110).  

A recent meta-analysis found web-based interventions significantly increased 

PA (Cohen d = 0.14), but sustained engagement was difficult and effects diminished 

as a function of high attrition (111). In a review of information and communication 

technologies-based interventions for young people, seven of nine studies had 

significant positive outcomes in at least one psychosocial or behavioural PA 

outcome (112). Overall, effects were small and it was highlighted that one of the 

major problems of eHealth behaviour change interventions was related to low usage 

(113). Reviews have also indicated that among eHealth interventions, those that 

provide tailored feedback based on input from online-answered-assessments 

significantly improve PA (114), particularly when multiple assessments were 

conducted over time (115). Furthermore, a review of the use of theory and behaviour 

change techniques (BCTs) employed in eHealth interventions showed more 

extensive use of theory and incorporation of more BCTs was associated with 

increased effect sizes (116). 

Taken together, these reviews provide some evidence for technology-based 

PA promotion interventions. In brief, evidence suggests these interventions evoke 

short-term increases in PA and that use of theory, BCTs and tailoring are associated 

with intervention effectiveness. Further, technological advances have enabled a 

range of new intervention opportunities to move beyond traditional face-to-face and 

communication tools and capitalise on emerging technologies that allow more 

responsive, dynamic, tailored and interactive interventions. 
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2.5.2 Mobile Health (mHealth) approaches 

While successful behaviour change at the population level requires more than 

isolated efforts (117), PA behaviour change can still be promoted and supported via 

strategies that reach large numbers of individuals. Technologies are an important 

component in many individuals’ lives, and they show potential for determining 

effective ways to engage people in health-promoting activities.  

Mobile and smartphone market penetration continues to grow rapidly 

worldwide. Ownership of smartphones increased from 35% in 2011 to 64% in 2014 

among U.S. adults (118) and has reached approximately 75% in many countries 

(119). Moreover, mobile broadband coverage (70% and 90% of the total and urban 

global population, respectively) and subscriptions (80% in developed countries) are 

reaching saturation (119-121). In the U.S., smartphones are now more common 

(65%) than game consoles and digital cable TV, at 46% and 54% adoption, 

respectively (122). Penetration rates are high across gender, age and ethnicity. 

Indeed, smartphone penetration rates are higher among Asian/Pacific Islanders 

(86.6%), African-Americans (83%), and Hispanics (82.4%) compared with non-

Hispanic whites (74.2%) (123).  

Alongside increases in smartphone ownership has been the proliferation and 

use of smartphone applications or apps. Publicly available apps within the Apple app 

store health and fitness category increased 106% from 2013 to 2015 (124). Fitness 

(36%), lifestyle and stress (17%) and diet and nutrition (12%) amount to two-thirds 

of the apps targeting individuals, while disease and treatment management account 

for the remainder. Moreover, fitness apps are the most frequently downloaded by 

individuals (more than 10 million times) (124). U.S. adults spend an average of 34 

hours per month using mobile apps and mobile web browsers, compared to 27 hours 

a month getting online with their computers (122). App usage data among different 

ethnicities shows African-Americans have the highest number of apps used per 

month (mean = 30.3) and most time spent using them (mean = 43 hours/month), 

followed by Hispanics (41 hours and 31 minutes/month), Asian Americans (37 hours 

and 14 minutes/month) and white non-Hispanic (35 hours and 25 minutes/month) 

(125). In NZ, the 2016 Nielsen Connected Consumers Report showed a fivefold 

increase since 2012 for mobile phone penetration, which is now at 70%. Moreover, 
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64% of New Zealanders aged 15 and over own a smartphone and access digital 

content via this device (126).  

Remarkably, 69% of U.S. adults have been shown to look up information 

related to health and that of those, 21% access it by means of a digital device. This 

unprecedented level of mobile connectedness highlights the opportunity to explore 

more sophisticated delivery approaches for PA behaviour change interventions that 

can optimise accessibility, responsiveness, and individualisation. Digital 

technologies are ubiquitous and they have the ability to reach the majority of the 

population. Furthermore, this connected population provides, more than ever, 

opportunities to collect information on health behaviours, outcomes, and to intervene 

frequently (and timely?) towards the promotion of positive health behaviours. 

Mobile health, or mHealth, is defined as the practice of medicine and public 

health supported by mobile devices, such as mobile phones, patient monitoring 

devices, personal digital assistants (PDAs), and other wireless devices (127). Both 

basic phones and smartphones can be used to receive and transmit data, such as 

deliver content, assess outcomes or identify location. Given the increased 

computational power and interface/interactive features of smartphones, opportunities 

are even greater. For example, smartphone inbuilt sensors can passively capture 

movement behaviour data from global positioning systems (GPS), gyroscopes and 

accelerometers. Such data can be used to assess PA duration, intensities, and SB. 

Alternatively, self-reported data can also easily and frequently be assessed through 

short message services (SMS) or apps using ecological momentary assessment 

(EMA) methods (128). 

The advantages of mHealth interventions compared to other more traditional 

delivery modes include the persistent interactivity with participants, potential for 

enhanced personalisation and engagement, potential to make healthcare more 

accessible and scalable, more cost-effective, and more equitable (129, 130). Further, 

commercially available smartphones currently incorporate sensing functions 

combining geolocation data with acceleration signals, which can improve real time 

accurate assessment and allow for “just in time” tailored feedback (131). These 

characteristics may assist in disease prevention strategies, support sustained change 

in lifestyle behaviours, and simultaneously relieve some of the burden on the 
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healthcare system. Additionally, potential intervention participants already own 

smartphones, are used to keep them charged and to carry them anywhere, in contrast 

to other additional devices used for research purposes, all of which should improve 

compliance (132).  

However, the potential of mHealth interventions is not without shortcomings. 

Individuals give multiple uses to their mobile devices (e.g. texting, calling, apps), 

which moderate the researcher/interventionist control of the device as such 

interventions are likely to be used for brief periods and in distracting contexts. The 

sensor and computational-intensive tasks of such devices can impact their usability 

(e.g. battery life) (132). Recurrent issues in mHealth are related to the lack of clarity 

on health information privacy and data security over mobile communications 

technology. Regulation of mHealth tools and devices by organisations such as the 

United States Food and Drug Administration may be slowing innovation. Other 

issues are fragmentation of the industry with different platforms and networks, 

barriers caused by proprietary systems and patents, and coverage issues in remote 

areas. Like with eHealth, decision makers believe the value of mHealth still needs to 

be proven so that it can be funded. An important issue related to the implementation 

of mHealth and its clinical applications is the lack of common standards and 

interfaces in order to allow greater interoperability (e.g. integration with electronic 

health records) (129). Considering mHealth’s potential to capture big amounts of 

(monitoring) data, optimal strategies and methods (e.g. mining) to address and 

capitalise on such rich information need to be developed. Other disadvantages of 

mHealth interventions and research include the lack of theory and evidence-base of 

some interventions, the difficulty in maintaining engagement of participants, and the 

pace discrepancies between technological developments and research practices 

leading to outdated findings (129, 133). 

Engagement with behaviour change health interventions is a necessary 

condition for effectiveness, yet sustaining engagement in IT-based PA interventions 

has proven difficult as observed in high levels of dropout and non-usage attrition so 

frequently observed in e- and mHealth interventions (113). Sufficiently engaging 

interventions are crucial to persuade participants to be involved with the intervention 

tools, but current behaviour change theories provide insufficient guidance on how to 

develop interventions that induce usage and sustain use of the intervention tools over 
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time (134) (135). A number of intervention characteristics linked to participants’ 

engagement have been shown to mediate intervention effects, such as tailoring 

intervention content to individuals’ characteristics and demographics, interactivity of 

the intervention tools, credibility, aesthetics, use of prompts/reminders, and number 

of updates (111, 116, 135-137). Therefore, not only behaviour change 

determinants/factors (e.g. autonomy, attitudes, self-efficacy) advanced by the 

aforementioned health behaviour change theories but also engagement factors (e.g. 

tailoring, prompts) should be taken into consideration when designing (mHealth) 

interventions (134).  

Given the emergence of these technologies, the current environment presents 

an ideal opportunity to investigate how these can be harnessed to promote health-

related behaviour change (138). To date, the majority of mHealth interventions have 

focused in capturing information directly related to the health activities and goals of 

individuals, but have been limited in capturing contextual information that influence 

such activities (139). Harnessing mHealth technologies to capture contextual 

information will contribute to a better understanding of the factors associated with 

health behaviours. For example, linking health-related-activities information with 

time of day and location can help developing strategies to deal with such factors and 

to more effective interventions. 

mHealth text message-based interventions have emerged as an alternative 

way of positively affecting health behaviours (140, 141). While much of the research 

evidence regarding the effectiveness of mHealth has come from RCTs of text-based 

interventions, there has been a dearth of high quality RCTs of smartphone-based 

interventions. This evidence will be reviewed in more detail in Chapter 3. 

2.6. SUMMARY 

Technology-based delivery approaches have been available for some time 

now, but recent technological developments and emerging technologies offer more 

sophisticated features that can improve current behaviour change interventions. 

Whereas web and web 2.0 approaches have contributed to positive behaviour change 

and health outcomes, it is conceivable that there is room for improvement and that 

more could be done. In summary, this thesis aims to investigate mHealth-delivered 
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interventions for PA and SB change. A scalable intervention that aims to modify 

both PA and SB could improve overall health. Given the unprecedented adoption of 

newer personal technologies (142) and because rapid changes are difficult to keep up 

with in health research, very little has been done to explore this novel approach and 

this will add to the growing body of research in this area. It is hoped that by (1) 

identifying new and emerging available technologies, (2) testing those same 

technologies, and (3) developing and testing an intervention building on 

understanding from 1 and 2, this thesis will position us in a better place to design 

more appropriate mHealth-based interventions for PA and SB change in the future. 
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CHAPTER 3. MHEALTH TECHNOLOGIES TO 
INFLUENCE PHYSICAL ACTIVITY AND 
SEDENTARY BEHAVIOURS: BEHAVIOUR 
CHANGE TECHNIQUES, SYSTEMATIC 
REVIEW AND META-ANALYSIS OF 
RANDOMISED CONTROLLED TRIALS 

 

3.1. INTRODUCTION TO PUBLICATION 

This chapter includes content from a manuscript entitled “mHealth 

technologies to influence physical activity and sedentary behaviors: behavior change 

techniques, systematic review and meta-analysis of randomized controlled trials”, 

which was published in Ann Behav Med, 2016: p. 1-14. 

mHealth text message-based interventions have emerged as an alternative 

way of positively affecting health behaviours. However, much of the research 

evidence regarding the effectiveness of mHealth has come from RCTs of text-based 

interventions. Given the emergence of new technologies, little is known about the 

use of smartphone-based interventions.  

This chapter presents a systematic review, meta-analysis and BCTs content 

of randomised controlled trials that evaluated the effectiveness of mHealth-based 

interventions to promote PA/SB change, in comparison to either usual care or 

minimal intervention. 

This piece of research was undertaken to address Objective 1, which was to 

assess what is already known about emerging technology-based PA and SB 

interventions, and identify gaps in the literature 
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3.2. ABSTRACT 

 

Background 

mHealth programs offer potential for practical and cost-effective delivery of 

interventions capable of reaching many individuals. 

Purpose 

To: 1) compare the effectiveness of mHealth interventions to promote 

physical activity (PA) and reduce sedentary behaviour (SB) in free living young 

people and adults with a comparator exposed to usual care/minimal intervention; 2) 

determine whether, and to what extent, such interventions affect PA and SB levels; 

3) use the taxonomy of behaviour change techniques (BCTs) to describe intervention 

characteristics. 

Methods 

A systematic review and meta-analysis following PRISMA guidelines was 

undertaken to identify randomised controlled trials (RCTs) of individual-level PA 

promotion interventions. Total physical PA, moderate-to-vigorous intensity physical 

activity (MVPA), walking, and SB outcomes were extracted. Intervention content 

was independently coded following the 93-item taxonomy of BCTs. 

Results 

Twenty-one RCTs (1701 participants - 700 with objectively measured PA) 

met eligibility criteria. SB decreased more following mHealth interventions than 

after usual care (standardised mean difference (SMD) -0.26, 95% confidence 

interval (CI) -0.53 to -0.00). Summary effects across studies were small to moderate 

and non-significant for total PA (SMD 0.14, 95% CI -0.12 to 0.41), MVPA (SMD 

0.37, 95% CI -0.03 to 0.77), and walking (SMD 0.14, 95% CI -0.01 to 0.29). BCTs 

were employed more frequently in intervention (mean = 6.9, range 2 to 12) than in 

comparator conditions (mean = 3.1, range 0 to 10). Of all BCTs, only 31 were 

employed in intervention conditions. 
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Conclusions 

Current mHealth interventions have small effects on PA/SB. Technological 

advancements will enable more comprehensive, interactive and responsive 

intervention delivery. Future mHealth PA studies should ensure that all the active 

ingredients of the intervention are reported in sufficient detail. 

Keywords: mobile health; behaviour change techniques; physical activity; sedentary 

behaviour; meta-analysis. 
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3.3. INTRODUCTION 

Despite the established health benefits of regular physical activity (PA) in 

preventing and attenuating the consequences of many non-communicable diseases 

(143) (e.g. cardiovascular disease, obesity, diabetes, cancer, hypertension, 

depression, and osteoporosis) and premature death (144), worldwide data show 

31.1% of adults (30.9 to 31.2 95% CI) and 80.3% of adolescents (80.1 to 80.5 95% 

CI) fail to meet PA guidelines (30).  

Even though physical activity is a modifiable behaviour and there is evidence 

of success for interventions aiming to promote PA when individual- and/or group-

tailored support is offered (106), face-to-face approaches have high resource 

requirements and are impractical for widespread implementation. Other delivery 

methods offer advantages in terms of resource use, reach and dissemination. 

Interventions for promoting PA delivered via remote and web technologies, such as 

when the Internet and telephone are used to provide feedback and support behaviour 

change, have shown moderate sized positive effects (145). Finding cost-effective 

and easy to disseminate methods to promote PA is required to alleviate an already 

burdened healthcare system. 

Remote technologies offer a novel delivery mode for promoting PA. Among 

these, is the use of mobile technologies, such as phones, tablets and tracking devices 

to aid and improve public health practice (termed mHealth) (127). By 2015, global 

mobile penetration was 125.7% and 93% in developed and developing countries, 

respectively (146). Among mobile phone owners in the United States, smartphone 

ownership increased from 35% in 2011 to 64% in 2014 (118) and, importantly, 62% 

of those have used their smartphone to look for help and information about a health 

condition (118). Thus, mHealth interventions for promoting PA may be a cost-

effective and feasible way to reach the population. 

Previous systematic reviews investigating mHealth  interventions aimed at 

influencing PA reported positive effects, but these predominantly included studies 

where mHealth devices were mostly used to aid data collection (e.g. measurement of 

PA) and/or as a supplement to other intervention components (147). A systematic 
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review investigating the effectiveness of mHealth delivered interventions to promote 

PA found some support for such interventions to increase PA levels, particularly for 

those using text-messaging communication and/or promoting self-monitoring (148). 

Despite text-messaging interventions being the main mHealth  technology explored 

in systematic reviews and meta-analysis (149), texting is only one of many 

functionalities of mobile phones and a basic functionality of smartphones. A more 

recent review assessing mHealth delivered interventions’ effectiveness on obesity-

related outcomes in young people found that most studies describe the feasibility and 

acceptability of these approaches, but there are few effects on outcomes such as 

increases in PA (150). Although earlier reviews have explored the use of mHealth 

technologies for the promotion of PA, none have specifically focussed on 

randomised controlled trials (RCTs), and there is no effect estimate from meta-

analytical procedures of this study design type. 

In summary, the evidence of effectiveness in PA outcomes is inconsistent. 

Inconsistency is likely due to the large variation in study design (e.g. technologies 

employed, comparator groups) and methodological quality (e.g. study design, 

instruments to measure outcomes assessed). Differences in intervention content, 

including the behaviour change techniques employed, is also likely a factor. BCTs 

are “observable, replicable, and irreducible” (97) components of interventions 

designed aimed at behaviour change. Extracting information about intervention 

content using an established taxonomy will provide insight into the active 

ingredients of mHealth interventions and may help guide future intervention 

development. Finally, it is unclear whether mHealth interventions can also reduce 

sedentary time. Therefore, the primary aim of this systematic review and meta-

analysis was to determine the effectiveness of mHealth on PA and SB outcomes in 

free living individuals. The secondary aims were to investigate the relationship 

between the effect size and the nature of PA/SB outcomes (i.e. measured objectively 

or self-reported) and to describe the behaviour change techniques used in the 

interventions using the behaviour change techniques taxonomy. 
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3.4. METHODS 

3.4.1 Selection Criteria 

The criteria for considering studies for this review and the outcomes of 

interest, as well as the methods for data extraction, assessing risk of bias, and 

statistical analysis were pre-specified (a protocol was not published). Eligible studies 

were RCTs that compared mHealth interventions with usual care, minimal or no 

intervention, among free-living individuals (young people ≤ 18 years and adults ≥ 18 

years) with no pre-existing medical conditions or contraindications that could limit 

participation in PA (e.g. CVD, heart failure, pulmonary conditions). mHealth 

technology-based interventions were considered according to the definition of the 

Global Observatory for eHealth as “medical and public health practice supported by 

mobile devices, such as mobile phones, patient monitoring devices, personal digital 

assistants (PDAs), and other wireless devices.” .”(127) Studies were accepted if they 

used short messaging service (SMS) and more complex functionalities, such as 

bluetooth technology and smartphone applications. The intervention had to be 

primarily mobile phone-based (i.e. mHealth device was the main mode of delivery 

(e.g. a multi-component school based intervention involving face-to-face sessions 

where the mobile phone was used to support the main intervention was not included 

(151)), and utilised either as a stand-alone program or as part of the intervention 

package, of any dose, intensity and/or length. The comparison conditions permitted 

were usual care, a different treatment not involving mobile phone technologies, or to 

a different mHealth technology (e.g. application x different app). PA and SB 

outcomes of interest were duration (e.g. total minutes sitting, MVPA time) or an 

estimate of energy expenditure. Outcomes could be either objectively measured (e.g. 

by accelerometers, pedometers) or self-reported. Studies with health promotion or 

prevention goals (e.g. weight management, cardiovascular risk reduction) were 

included if PA and/or SB related outcomes were reported.  

3.4.2 Search Methods 

Seven electronic databases were searched from inception through 11 January 

2015: The Ovid Cochrane Central Register of Controlled Trials, CINAHL, Ovid 

Embase, Ovid MEDLINE, Ovid PsycINFO, ISI Web of Science and PubMed. 
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Search strategies were based on a previous Cochrane systematic review of PA 

interventions (145). We adjusted the search strategy to each database by combining 

three search terms for three topic areas: intervention (e.g. mobile device*, 

smartphone*, text messag*), outcomes (e.g. physical activity, inactiv*, sedentar*) 

and design (e.g. random sample, clinical trial). Full specific search details per 

database are included on Appendix 1.1). Searches were limited to human studies, 

with no restrictions on date (up to January 2015), sample size, age, gender, race or 

ethnicity. Only English language published studies were accepted. Review articles 

and the reference lists of selected studies were searched for additional articles. 

Studies were excluded if: 1) the intervention reported was not primarily mHealth 

based, 2) researchers used non-random group allocation, 3) allocation procedure was 

not reported, 4) outcomes were only assessed at follow-up or baseline, or 5) studies 

included participants with unstable medical status or other issues (e.g. pregnancy, 

depression) that contraindicated or confounded the intervention. When studies 

measured physical activity at several time points, the measurement taken before or 

immediately after the end of the intervention period was included in analysis. 

Outcome data of long-term follow-up time points were not sought due to the small 

number of studies evaluating maintenance of behaviour effects. 

3.4.3 Study Selection 

The citations and abstracts of all retrieved articles were imported into 

EndNote X6 and all duplicates were removed. Two authors (AD, JR) independently 

screened the titles and abstracts of the search results to identify articles that met 

inclusion criteria. Full-text articles were retrieved if the information provided in the 

title, abstract and descriptors/MeSH headings met the inclusion criteria or if there 

was uncertainty about eligibility. The retrieved full-text articles were then scanned 

by two authors (AD, JR) independently in an unblinded manner. If differences 

between reviewers persisted a third author (RM) reviewed the study and 

discrepancies were resolved by discussion until a consensus was reached.  

3.4.4 Data Extraction 

Data were extracted using a standardized extraction form informed by the 

PRISMA (Transparent Reporting of Systematic Reviews and Meta-analyses) 
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guidelines (152) and the Cochrane Handbook for Systematic Reviews of 

Interventions (153). For each included study, reviewers (AD, EC or JR) 

independently extracted data including: 1) study background information 

(publication year, acronym, country, authors); 2) sample-related information 

(eligibility, number of participants, participants’ characteristics); 3) intervention-

related information (detailed description, devices/technologies, behaviour change 

techniques, duration, intensity, setting); 4) comparator-related information; 5) 

outcomes-related information (primary and secondary outcomes of interest such as 

PA levels, energy expenditure); and 6) internal validity related information 

(randomisation process, allocation concealment, blinding of outcome assessment, 

attrition, intention-to-treat analysis). Intervention details, including BCTs employed, 

were coded using intervention information available in published papers 

(appendices, protocols, results) and clinical trial registries. Coders (AD, EC) were 

trained on BCT taxonomy v1 (97, 154). Discrepancies were resolved by discussion. 

When multiple reports from the same intervention were found, relevant data were 

extracted from all reports. Authors were contacted via email when additional 

unpublished information was required.  

3.4.5 Risk of Bias Assessment 

The internal validity of the included studies was appraised (AD, RM) using 

the Cochrane Collaboration’s tool for assessing risk of bias on each of the domains: 

selection, performance/detection, attrition and reporting. A judgement of high risk, 

low risk, or unclear risk was given to the following sources of bias: 1) sequence 

generation, 2) allocation concealment, 3) blinding of personnel and outcome 

assessors, 4) incomplete outcome data, 5) selective outcome reporting, 6) other 

sources of bias (i.e. groups comparable at baseline, validated outcome measures, 

analysis adjusted for baseline PA levels, intention-to-treat analysis). Unclear risk of 

bias was assigned when there was lack of information or uncertainty. Bias was 

assessed at the study level. For studies with health promotion or prevention goals 

where PA/SB related outcomes were reported but were not the primary outcome, 

risk of bias was assessed for the PA/SB outcome.  
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3.4.6 Measures of Effect 

Continuous outcomes were transformed to uniform measurement scales (e.g. 

minutes in MVPA/week was transformed to minutes/day; body mass was 

transformed to kg (1 lb = 0.45359 kg). We emailed corresponding authors requesting 

data where studies reported only one physical activity intensity. Where different 

intensities of activity were reported separately, we computed measures of total PA or 

MVPA by combining the intensities. When a study had more than one relevant arm 

for the review, we included each pair-wise comparison separately by including the 

intervention groups of interest and split the shared control group into two groups 

with an even, smaller sample size (mean and standard deviation left unchanged) 

(155). Combining the intervention groups to create a single pair-wise comparison 

did not seem appropriate as the characteristics of the intervention arms differed. 

Because a wide range of measurement tools were used (different models of 

pedometers, accelerometers and self-report instruments), the units of the outcomes 

of interest (i.e. total PA, MVPA, walking, and SB) differed across studies. Given 

these are continuous variables, we calculated the standardised mean difference 

(SMD) between the post-intervention values of the study arms as a summary 

statistic. 

3.4.7 Data Synthesis 

To estimate an overall summary effect size (and 95% confidence intervals) 

for total PA, MVPA, walking and SB, we used a random effects model to 

incorporate heterogeneity between studies (Review Manager v5.3.5, The Nordic 

Cochrane Centre, Copenhagen) following established Cochrane methods (156). 

Overall, a standardised mean difference of approximately 0.2 is classified as small, 

0.5 as moderate, and 0.8 is large (157). To assess heterogeneity qualitatively we 

visually inspected forest plots and compared study characteristics; quantitatively we 

used the I2 statistic. Causes of heterogeneity were explored by conducting a 

posteriori subgroup analyses for hypothesis generation purposes. To assess 

publication bias we examined funnel plots for asymmetry. 
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Meta-analyses were performed with subgroups by type of outcome 

measurement to distinguish effects between objectively measured and self-reported 

outcomes. 

3.5. RESULTS 

3.5.1 Literature Search 

A total of 1850 study reports were identified from the database search and 

other sources, of which 815 were duplicates, leaving 1035 articles that were 

screened for eligibility. A total of 902 were deemed not relevant based on a review 

of the information provided in the title, abstract, and descriptors/MeSH headings. 

133 full-text articles were assessed for eligibility. After exclusion of 112 that did not 

meet the review inclusion criteria, 21 studies (158-178) were considered eligible and 

included in the review (see Figure 1). 
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Figure 1. Flow diagram of the study selection process. 

 

3.5.2 Description of Studies 

Included articles were published between April 2007 and October 2014. 

Studies varied in size, duration, intervention, and comparator type. The number of 

participants providing measures of PA in each study ranged from 20 to 301 (mean = 

81, total = 1701); follow-up duration ranged from 1 to 52 weeks (median = 9 

weeks). mHealth  PA promotion interventions were compared against minimal 
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contact / usual care groups using technology (e.g. podcast, pedometer) in eight 

studies (158, 161, 164, 166, 168, 170, 171, 179) and to non-technology-based 

treatments (e.g. print materials, counselling) in ten studies (159, 162, 163, 165, 169, 

173-176, 178). Only one study compared mHealth  PA to no intervention (167). Two 

studies had no “pure” comparator groups (i.e. all conditions were interventions) 

(172, 177) and were not included in the meta-analysis – data are presented 

narratively. Twelve studies used a two-arm, parallel RCT design, and nine studies 

used a multi-arm design (163-165, 167, 169, 172, 173, 177, 179); data were only 

extracted if the arm met eligibility criteria. Studies were conducted in the United 

Kingdom (158, 163, 164), United States (159-161, 165, 166, 168-173), Australia 

(162, 174, 176), Austria (167), Portugal (178) , Ireland (175) and Canada (177). 

Interventions were primarily delivered at an individual level, with no direct 

supervision of PA. mHealth  technologies employed were, PDA(159), mobile 

phones/SMS (158, 160, 162-164, 167, 168, 171, 173, 176, 178), biosensors (158, 

165, 177), smartphones/apps (161, 166, 169, 172, 174-176), tablet computers (170), 

and websites (158, 173, 174, 176). A summary of overall study characteristics is 

presented in Table 1. Specific study characteristics are presented in Appendix 1.2. 
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Table 1. Characteristics of intervention studies examining mHealth technologies to promote PA and reduce SB among free-living 

individuals, 2007-2015 

Author, 
Year, 

Reference 
No. 

N Country Design Duration 
of study 

PA/SB as 
Primary 
Outcome 

Intervention 
Component(s) Comparator Intervention 

Frequency Outcome Outcome 
Measurement 

Intention-to-
Treat principle 

Analysis 

Hurling, 2007 77 United 
Kingdom 

Two 
arms 
RCT 

9 weeks Yes Internet + SMS + 
actiwatch Actiwatch only Varied (as 

appropriate) 

Overall PA and Leisure 
time PA  (MET 
mins/week) (IPAQ-LF) 
+ Sitting + MA Uniaxial 
accelerometer (wrist, 
2min epochs/day)  

SR + OB Yes 

King, AC, 
2008 37 United 

States 

Two 
arms 
RCT 

8 weeks Yes PDA + Pedometer + 
printed materials 

Standard 
educational printed 
materials 

1 PDA 
assessment/day 

MVPA (min/week) 
(CHAMPS)  SR Yes 

Shapiro, JR, 
2008 24 United 

States 

Three 
arms 
RCT (2 
of 
interest) 

8 weeks No 
(acceptability) 

Psychoeducational 
sessions + SMS + 
pedometer 

Psychoeducational 
sessions + 
pedometer 

1 session/week 
(total 3) + 2x 
SMS/day (1 self-
monitoring + 1 
feedback)  

Exercise time + Screen 
time (not validated) SR No 

Turner-
McGrievy, 
2009 

77 United 
States 

Two 
arms 
RCT 

12 weeks No (weight 
loss) 

Theory-based 
podcast Control podcast 2 podcasts/week 

MVPA and Walking, 
(mins/week and 
days/week) (IPAQ-SF) 
+ Sitting (hours/day) 

SR Yes 

Fjeldsoe, 
2010,  88 Australia 

Two 
arms 
RCT 

12 weeks Yes 

Consultation + 
printed materials + 
magnet + tailored 
SMS 

Consultation + 
printed materials 3-5 SMS/week 

MVPA and walking 
frequency (days/week) + 
MVPA and walking 
duration (min/week) 
(AWAS) 

SR Yes 

Prestwich, 
2010, 140 United 

Kingdom 

Three 
arms 
RCT 

4 weeks Yes 

Implementation 
intentions + SMS 
with plan reminders 
OR Implementation 
intention + SMS 
with goal reminders 

Information on PA 
guidelines  

No. days/week walked  
or exercised for ³ 30 
min (SWET) 

SR No 

Sirriyeh, 
2010, 120 United 

Kingdom 

Four 
arms 
RCT 

2 weeks Yes 
SMS affective OR 
SMS instrumental 
OR SMS combined 

SMS neutral 1x SMS/day MV MET min/week 
(IPAQ-SF) SR No 

Shuger, SL, 
2011 79 United 

States 
Four 
arms 36 weeks No (body 

weight) 
SenseWear 
Armband & wrist 

Standard care 
weight loss 

Armband worn 
16h/day, 

Steps/day, MVPA 
(mins/day), Total and OB Yes 
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Author, 
Year, 

Reference 
No. 

N Country Design Duration 
of study 

PA/SB as 
Primary 
Outcome 

Intervention 
Component(s) Comparator Intervention 

Frequency Outcome Outcome 
Measurement 

Intention-to-
Treat principle 

Analysis 

RCT (3 
of 
interest) 

watch alone OR 
SenseWear 
Armband + Group 
sessions 

program manual + 
self-monitoring 

7days/week;  
Group sessions 14x 
month 0-4 + 6x 
one-on-one 
telephone month 5-
9 

MVPA EE 
(Kcal/day)(SenseWear 
Armband, tri-axial 
accelerometer) 

Turner-
McGrievy, 
2011 

96 United 
States 

Two 
arms 
RCT 

24 weeks No (weight 
loss) 

Podcast + 
FatSecret’s Calorie 
Counter App + 
Twitter  

Podcast only + 
Printed material 

2 podcast/week 
month 0-3 + 2 
minipodcasts/week 
months 3-6  

PA EE (Kcals/day) 
(PPAQ) SR Yes 

Schwerdtfeger 
AR, 2012 42 Austria 

Three 
arms 
RCT (2 
of 
interest) 

1 week Yes Psychoeducational 
session + SMS 

No intervention 
(besides PA 
assessment) 

1x 
psychoeducational 
group session + 1 
SMS/day 

Uniaxial accelerometer 
(ankle) (counts/min) OB No 

Adams, MA, 
2013 20 United 

States 

Two 
arms 
RCT 

36 weeks Yes 
Adaptive 
intervention: SMS or 
email + pedometer 

Static intervention: 
SMS or email + 
pedometer 

1 SMS every 9 
days; Adaptive 
intervention: new 
goal/day 

Steps/day OB Yes 

Allen, JK, 
2013 43 United 

States 

Four 
arms 
RCT 

24 weeks No (body 
weight) 

Lose It! App OR 
Intensive counseling 
+ Lose It! App OR 
Less intensive 
counseling + Lose 
It! App 

Intensive 
counseling 

App: as appropriate 
Intensive: 1x/week 
0-1 month and 1x/2 
weeks 2-6 months 
OR 
Less intensive: 
2x/month 0-1 
month and 
1x/month 2-6 
months 

MVPA (hours/week) 
(Stanford 7-Day PA 
Recall) 

SR 
Yes (bu 
completers only 
reported) 

Bickmore, 
TW, 2013 200 United 

States 

Two 
arms 
RCT 

8 weeks Yes 

Tablet with 
Embodied 
conversational agent 
(ECA) + pedometer 

Pedometer + self-
monitoring 

1 “dialogue” with 
ECA/day Steps/day OB 

Reports yes but 
appears 
completers only 
for step data 

Kim, BH, 
2013 36 United 

States 

Two 
arms 
RCT 

6 weeks Yes SMS + pedometer + 
printed material 

Pedometer + 
printed material 3x, 3 days/week Steps/day + total PA 

MET (Godin LTEQ) OB + SR 
Yes (but 
completers only 
reported) 

King, AC, 
2013 61 United 

States 

Three 
arms 
RCT 

8 weeks Yes 
Social app (social 
influence theory) OR 
Affective app 

No comparator Ad-libitum 
Walking (min/week) + 
MVPA (min/week) 
(CHAMPS) + TV 

SR ? 
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Author, 
Year, 

Reference 
No. 

N Country Design Duration 
of study 

PA/SB as 
Primary 
Outcome 

Intervention 
Component(s) Comparator Intervention 

Frequency Outcome Outcome 
Measurement 

Intention-to-
Treat principle 

Analysis 

(avatar) OR 
Analytical app (self-
regulatory BCTs) 

viewing (hours/day) 
(MOST) 

Patrick, K, 
2013 49 United 

States 

Four 
arms 
RCT (2 
of 
interest) 

52 weeks No (BMI z-
score) Website + SMS Printed materials + 

3 group sessions ≥ 3x SMS/week 

MVPA (min/week) (7-
day PA recall interview) 
+ SB (hours/day) 
(Robinson survey) 

SR Yes 

Duncan, MJ, 
2014 301 Australia 

Two 
arms 
RCT 

36 weeks Yes 

Website + mobile 
phone app with 
automated-feedback 
+ interaction 

Printed materials + 
self-monitoring Ad-libitum Total PA (min/week and 

sessions/week) (AAS) SR 
Yes 
((175)completers 
only reported) 

Fassnacht, D, 
2015 49 Portugal 

Two 
arms 
RCT 

8 weeks No (FV 
intake) 

Educational sessions 
+ SMS + pedometer 

Group educational 
session 

1 SMS prompt/day 
+ reply 

MVPA (hours/day) + 
Screen time (hours/day) 
(FEAHQ) 

SR No 

Glynn, LG, 
2014 66 Ireland 

Two 
arms 
RCT 

8 weeks Yes 
Accupedo-Pro 
Pedometer App + 
goal 10000 steps/day 

Printed materials + 
goal walking 
30min/day 

Ad-libitum, carry 
phone during 
waking hours 

Steps/day OB No 

Hebden, L, 
2014 51 Australia 

Two 
arms 
RCT 

12 weeks No (body 
weight) 

SMS + e-mails + 
research developed 
App + internet 
forum + printed 
materials 

Printed materials 
2 SMS + 2 e-
mails/week + app to 
use ad-libitum 

MVPA + LPA + 
Sedentary (min/day) + 
Total PA (min/week and 
MET-min/week) + 
Sitting (min/day) 
(Accelerometer GT1M + 
IPAQ) 

OB + SR Yes 

Knight, E, 
2014 45 Canada 

Three 
arms 
RCT 

12 weeks Yes 

Smartphone + 
pedometer + 
glucometer + blood 
pressure monitor to 
increase PA OR to 
decrease SB OR to 
increase PA and 
reduce SB 

No comparator Ad-libitum? Steps/day OB + SR Yes 

RCT: Randomized Controlled Trial; OB: objective; SR: Self-Reported; IPAQ: International Physical Activity Questionnaire; LF: Long-form; SF: Short-form; PDA: Portable-digital-assistant; SMS: Short Message 

Service; PA: Physical Activity; MVPA: Moderate-to-vigorous-intensity physical activity; MA: Moderate Activity; MV: Moderate-to-vigorous; MET: Metabolic Equivalent of Task; SB: Sedentary Behaviour; AWAS: 

Australian Women’s Activity Survey; SWET: Self-Report Walking and Exercise Tables; PPAQ: Paffenbarger Physical Activity Questionnaire; LTEQ: Leisure Time Exercise Questionnaire; CHAMPS: Community 

Healthy Activities Model Program for Seniors; MOST: Measure of Older Adults’ Sedentary Time; AAS: Active Australia Survey; FEAHQ: Family Eating and Activity Habits Questionnaire; 
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3.5.3 Description of Participants 

Participants were recruited from community and primary health care settings. 

The median age of the 1701 participants with post-intervention data was 40.1 years 

(range 8.4-71.7), 1089 were female and 612 male. One study each included females 

(162) and males only (174), and 19 included both females and males. Of the latter, 

the proportion of females ranged from 36% to 90%, median 70%. 

3.5.4 Outcome Measures 

Of the 21 eligible studies, seven (163, 165-167, 171, 174, 176) reported a 

measure of total PA (e.g. total PA duration, total energy expenditure, MET), nine 

(159, 161, 162, 164, 165, 173, 176, 178, 179) reported MVPA (e.g. MVPA duration, 

exercise duration), eight (161-163, 165, 168, 170, 171, 175) reported walking (e.g. 

walking duration, step count) and five (160, 161, 173, 176, 178) reported a measure 

of SB (e.g. sitting duration, TV viewing duration). Nine (158, 165, 167, 168, 170, 

171, 175-177) studies measured outcomes objectively (e.g. accelerometry, 

pedometers), twelve (159-164, 166, 169, 172-174, 178) used self-report measures 

and four (158, 171, 176, 177) employed both. We emailed the corresponding authors 

requesting additional data where a publication reported measurement of PA using an 

instrument that allowed computation of other PA outcomes besides those reported. 

Four authors provided additional unpublished data. Baseline and post-intervention 

outcome data for the included studies is presented in Appendix 1.3. 

3.5.5 Risk of Bias 

Assessments about each risk of bias item for each included study are 

presented in Figure 2 (support for judgement is presented in Appendix 1.2). Four 

studies had published protocols (165, 173-175), and eight studies were registered in 

a clinical trial registry (161, 165, 166, 168, 171, 173-175). Incomplete reporting of 

methods hindered risk of bias judgement for several studies. All studies used an 

RCT design, and most described adequate approaches to allocation sequence 

generation with the exception of one (171). The remaining studies were classified as 

having an unclear risk of bias (161, 167, 169, 173). Allocation concealment 

approaches were mainly judged at unclear risk of bias except on four studies (162, 

164, 175, 178). Studies were judged at high risk of performance bias since it is 
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impractical and very hard to blind participants to a PA behaviour change 

intervention. Five studies described blinded outcome assessment (163-165, 170, 

175), three described outcome assessors as not blinded to participants’ allocation 

(161, 162, 166), and the majority did not provide sufficient information. Fourteen 

studies (158, 159, 161-163, 165, 167-169, 172-174, 176, 177) were judged as being 

at low risk of attrition bias, and three were judged as being at high risk of bias for 

either not reporting reasons for participant dropouts (178) or imbalanced dropout 

(160, 170). Attrition rates varied from 0% to 53%. Three studies had 100% retention 

(158, 159, 177), ten studies reported PA data analyses following intention-to-treat 

principles (161, 162, 165, 166, 168, 169, 171, 173, 174, 176), eight studies analysed 

completers only (160, 163, 164, 167, 170, 175, 178), and procedures were 

insufficiently described in one study (172). Most studies dealt with missing data at 

follow-up by imputing replacement values (e.g. last observation carried forward). 

Five studies had a high risk for reporting bias, four for presenting a subset of the 

outcome variables recorded/specified (158, 163, 168, 178) and one for 

inconsistencies between the trial registry, protocol and results paper regarding 

secondary and tertiary outcomes (165). Other potential sources of bias considered 

were lack of a valid PA outcome measurement instrument (164, 178, 179), 

comparability of groups at baseline (162, 175), contamination between groups (169) 

and failure to adjust data analyses for baseline PA (167, 172, 173, 177).  
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Figure 2. Assessments about each risk of bias item for each included study. 
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3.5.6 Effects of Interventions 

3.5.6.1. Total Physical Activity 

Seven studies (n = 745 participants) (163, 165-167, 171, 174, 176) reported 

intervention effects on total PA related outcomes (kcals/day, min/day). Total PA did 

not differ significantly between mHealth and comparators. The pooled effect was 

positive and small (SMD = 0.14, CI – 0.12 to 0.41), and heterogeneity was 

statistically significant (I2 = 60%; Chi2 = 20.09; P = 0.01). Subgroup analyses 

showed PA levels did not differ between studies with objective (SMD = 0.20, CI –

0.21 to 0.60) or self-reported measurement (SMD = 0.14, CI –0.20 to 0.48) 

following mHealth interventions (Figure 3). 

 

 

Figure 3. Forest plot for total physical activity; SWA: sensewear armband, 

GWL: group sessions, II: implementation intentions 

 

3.5.6.2. Moderate-to-vigorous Physical Activity 

Nine studies (n = 533 participants) (159, 161, 162, 164, 165, 173, 176, 178, 

179) reported effects for MVPA related outcomes (kcals/day, min/day). The pooled 

effect was positive and moderate in size (SMD = 0.37, CI –0.03 to 0.77), but 

statistically non-significant.  Heterogeneity was statistically significant (I2 = 78%; 

Chi2 = 50.74; P < .001). Subgroup analyses showed the SMD for MVPA levels was 

much larger for self-reported measurement (SMD = 0.49, CI –0.04 to 1.01) than 

objective (SMD = 0.03, CI –0.38 to 0.44), but statistically non-significant (Figure 4). 
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Figure 4. Forest plot for moderate-to-vigorous intensity physical activity; SWA: 

sensewear armband, GWL: group sessions, II: implementation intentions. 

 

One study reported changes in PA from baseline and could not be included in 

the pooled analysis of SMD (156). Self-reported MVPA slightly increased for the 

smartphone-only group while decreasing in the other groups of counselling 

with/without a smartphone (average increase was 0.19 hrs/week) (169). Another 

study where all conditions were interventions was not included in the pooled 

analysis. Self-reported MVPA significantly increased across three groups using 

smartphone apps. Post-intervention averages were 40.1, 45.5, and 38.2 min/day of 

MVPA for the respective analytical, social, and affect app conditions (172).  

3.5.6.3. Walking 

Eight studies (n = 703 participants) (161-163, 165, 168, 170, 171, 175) 

reported effects for  walking related outcomes (steps/day, walking duration/day). 

The pooled effect was positive and small (SMD = 0.14, CI –0.01 to 0.29). There was 

no evidence of heterogeneity (I2 = 0%; Chi2 = 5.76; P = 0.76). Subgroup analyses 

showed walking levels did not differ significantly between studies with objective 

(SMD = 0.13, CI –0.07 to 0.34) or self-reported measurement (SMD = 0.15, CI –

0.08 to 0.38) following mHealth interventions (Figure 5). 
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Figure 5. Forest plot for walking; SWA: sensewear armband, GWL: group 

sessions, II: implementation intentions.  

 

Two studies where all conditions were interventions were not included in the 

pooled analysis. In one, self-reported walking duration significantly increased across 

three groups using apps—post-intervention averages were 22.8, 28.5, and 25.6 

min/day for the analytical, social, and affect app, respectively (172). In the other, 

pedometer-measured steps/day did not statistically increase for any of the three 

intervention groups using a mHealth package targeting either sedentary behaviour, 

exercise, or both (177). 

3.5.6.4. Sedentary Behaviour 

Five studies (n = 226 participants) (160, 161, 173, 176, 178) reported effects 

for sedentary behaviour related outcomes (sitting duration/day, screen time 

duration/day). Sedentary behaviour level was statistically significantly lower 

following mHealth interventions compared with controls (SMD = –0.26, CI –0.53 to 

–0.00). There was no evidence of heterogeneity (I2 = 0%; Chi2 = 0.28; P = 0.99). 

Subgroup analyses showed SB level did not differ significantly between studies with 

objective (SMD = –0.24, CI –1.00 to 0.52) or self-reported measurement (SMD = –

0.27, CI –0.55 to 0.01) following mHealth interventions (Figure 6). 
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Figure 6. Forest plot for sedentary behaviour. 

 

One study reported changes from baseline and could not be included in the 

pooled analysis of SMD (156) —self-reported sitting time was significantly lower 

compared to the control group (average decrease was –5.9 hours/week; p = 0.03) 

(158). Another study where all conditions were interventions could not be included 

in the pooled analysis. Self-reported TV viewing duration significantly decreased 

across three groups using smartphone apps (post-intervention averages were 126.6, 

175.1, and 150.6 min/day for the analytical, social, and affect app, respectively) 

(172). 

3.5.6.5. Behaviour Change Techniques 

There was substantial heterogeneity in the terminology used to describe 

intervention (and comparator groups) content. Overall, studies included an average 

of 5.4 BCTs (SD = 2.6, range 0 to 12). More BCTs were employed with intervention 

groups (mean = 6.9, SD = 2.6, range 2 to 12) than with comparator groups (mean = 

3.1, SD = 2.2 range 0 to 10). The percentage of inclusion of each one of the BCTs in 

intervention groups varied from 0 to 81%. Frequently employed BCTs in 

intervention groups were “goal setting (behaviour)” (81% of the studies), “self-

monitoring of behaviour” (74%), “social support (unspecified)” (65%), “feedback on 

behaviour” (55%), “instruction on how to perform the behaviour” (55%), “adding 

objects to the environment” (48%), “information about health consequences” (45%) 

and “prompts/cues” (45%). Other BCTs, such as “discrepancy between current 
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behaviour and goal” (0%), “behavioural contract” (0%), “behavioural experiments” 

(0%), and “review of behaviour goal(s)” (16%), were never or seldom reported. The 

percentage of inclusion of each one of the BCTs in comparator groups varied from 

0% to 53%. Frequently employed BCTs in comparator groups were “goal setting 

(behaviour)” (53% of the studies), “instruction on how to perform the behaviour” 

(47%), “information about health consequences” (37%), and “self-monitoring of 

behaviour” (32%). Specific excerpts per study and per study group can be found in 

Electronic Supplementary Material 4 - BCTs excerpts (doi:10.1007/s12160-016-

9846-0 ). 

3.5.6.6. Sensitivity Analysis 

Post hoc exploratory sensitivity analysis indicated that one study (171) was 

the main source of heterogeneity between studies measuring total PA. A different 

study (180) was the main source of heterogeneity between those measuring MVPA. 

Heterogeneity decreased substantially after removing these studies (I2  = 0%, P = 

0.44; SMD = –0.03, CI –0.19 to 0.12; and I2  = 0%, P = 0.91; SMD = 0.13, CI –0.06 

to 0.32 for total PA and MVPA, respectively). Given between-study heterogeneity 

for total PA and MVPA outcomes and that small trials can be overweighted by a 

random effects model (181), we pooled studies using a fixed effects model to 

compare effect estimates. For total PA, the summary effect remained non-significant 

and its magnitude decreased (SMD = 0.02, CI –0.13 to 0.17), but for MVPA the 

summary effect became statistically significant (SMD = 0.27, CI 0.09 to 0.45). 

There were no changes occurring on the direction of the summary effects; 

however, the meta-analysis results were not entirely robust to the inclusion of 

studies of young people. For MVPA outcomes, the summary effect differed in 

magnitude - based only on adult studies, SMD was 0.14 (CI –0.10 to 0.37). For SB 

outcomes, the summary effects estimate differed little but was no longer significant - 

based only on adult studies, SMD was –0.21 (CI –0.59 to 0.18). 

3.5.6.7. Publication Bias 

Despite the small number of included studies (n < 10) (182), funnel plots of 

the standardised mean differences showed little evidence of publication bias for 

walking and sedentary behaviour outcomes. However, for total PA and MVPA there 

was a somewhat asymmetric scatter consistent with publication bias. 
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3.6. DISCUSSION 

The effectiveness of mHealth interventions on PA and SB was examined in 

twenty-one RCTs. The main findings of this systematic review and meta-analysis, 

incorporating published and unpublished data from RCTs on 1700 participants, were 

that mHealth PA/SB interventions promote small decreases in free living 

individuals’ SB. Results also indicated positive and small to moderate sized effects 

for PA and walking outcomes; however, differences between mHealth intervention 

groups and the comparators did not reach statistical significance.  

3.6.1 Strengths and limitations 

The current meta-analysis is the first to assess mHealth PA/SB interventions 

including only RCTs. A comprehensive search strategy based on Cochrane 

systematic reviews of PA interventions, adjusting terms to each electronic database 

was employed. Subgroup analyses were selected a priori and based on evidence 

showing discrepancies between objective and self-reported measurement of PA. 

Given the small number of studies included per outcome we did not perform meta-

regression analyses to investigate effect moderation by study level covariates (e.g. 

age, BCTs included). 

Limitations of this review were the small number of included studies, small 

sample sizes of the included studies, limited duration of included intervention, 

insufficient follow-up and outcome measurement based on participants’ self-report 

for many studies. While the review included 21 studies, less than half (9) measured 

PA/sedentary behaviour outcomes objectively. All interventions were delivered in 

high-income countries. However, while most targeted educated white adults, the 

review also included studies of young people and two specifically focussed on a 

minority population. Given the lack of data from low and middle-income countries, 

caution is warranted generalizing the meta-analysis findings to other population 

groups. Heterogeneity in the terminology and insufficient reporting of intervention 

content impaired coding of BCTs. We did not evaluate intervention fidelity; 

assessment of BCTs followed the coding manual instructions and does not include 

evaluation of the quality of intervention implementation. For example, an 
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intervention package may include BCTs, but it is unclear whether participants used 

these (e.g. web tutorials for seeking social support, positive self-statement (173)). 

An additional limitation of the review was that engagement of the participants with 

the interventions was not evaluated. The main reasons for not including such 

measures (e.g. number of logins) were their absence from study reports and 

considerable variability between the studies that did report engagement.  

The small to moderate effects observed for PA outcomes (albeit statistically 

non-significant) is likely attributed to the short duration of interventions (median= 9 

weeks), which may be insufficient to influence PA and SB outcomes. This short 

duration precludes assessment of the longer-term effectiveness of mHealth 

interventions on PA/SB outcomes. Attempts to address the heterogeneity on the 

pooled intervention effects for total PA and MVPA using a fixed effects model 

resulted in decreased magnitudes of effect. Although for MVPA the summary effect 

became statistically significant, the effect was still small and data must be 

interpreted with caution given its exploratory nature. 

Although statistically non-significant, subgroup analysis of MVPA found a 

larger SMD for self-reported versus objectively measured activity (SMD = 0.49 vs. 

0.03, respectively). This is likely due to the larger number of studies that included 

self-report measures and the fact that people tend to over-estimate intensity of PA 

(183, 184). For the other PA outcomes, effect estimates differed little between 

subgroups where assessment was performed via objective measurement or self-

report.  

3.6.2 Comparisons With Other Work 

Our findings compare and contrast to previous reviews (147-150, 185). 

Generally, previous systematic reviews have reported that mobile phone 

technologies are effective for promoting PA (147-150, 185). The current meta-

analysis has quantified this effect and supports the potential of mHealth on PA 

outcomes; however, given the short-duration of intervention and the wide 

confidence intervals observed, caution in interpretation is warranted. In contrast, our 

meta-analysis is the first to show that mHealth can reduce time spent sedentary. 

Furthermore, our description of the BCTs content of current mHealth PA 
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interventions highlights qualitative aspects to inform the replication, refinement, and 

improvement of mHealth interventions in the future (186). 

There was substantial variation in the number and type of BCTs included in 

intervention and comparator groups. While we acknowledge that within a 

comprehensive taxonomy of BCTs not all will be useful to influence PA/SB 

behaviour related changes, among 93 BCTs, only 31 were employed in the 

intervention groups. Moreover, 19 different BCTs were employed within comparator 

groups, which demonstrates the “active” nature of the comparator groups included in 

this review. BCTs such as problem solving, action planning, review behaviour goals, 

or graded tasks, which likely play key roles on the initial attempts of individuals’ 

health-related behaviour changes, were not frequently used in the reviewed studies. 

Taken together, these findings highlight the potential to explore BCTs not 

commonly used that may contribute to increased effectiveness of interventions to 

promote PA behaviours, such as “review of behavioural goals” (100).  

3.6.3 Future Research / Implications 

Research is necessary to investigate the long-term effectiveness and cost-

effectiveness of mHealth interventions to promote PA/SB changes. mHealth 

approaches may be an important tool to address high resource demand and the 

extensive contact time of traditional face-to-face approaches. Investigation of the 

dose-response relationship between intervention exposure and outcomes would also 

be useful. In order to assess the impact of BCTs, the reporting of intervention 

content will need to be improved. Most interventions were based on SMS; however, 

advancements in technology will enable more comprehensive, interactive and 

responsive intervention delivery. 

3.7. CONCLUSIONS 

Current mHealth interventions have small effects on total PA, MVPA, 

walking and SB. Technological advancements will enable more comprehensive, 

interactive and responsive intervention delivery. Future mHealth PA studies should 

ensure that all the active ingredients of the intervention are reported in sufficient 

detail.  
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CHAPTER 4. DO PHYSICAL ACTIVITY AND 
DIETARY SMARTPHONE APPLICATIONS 
INCORPORATE EVIDENCE-BASED 
BEHAVIOUR CHANGE TECHNIQUES?  

4.1. INTRODUCTION TO PUBLICATION 

 

This chapter includes content from a manuscript entitled “Do physical 

activity and dietary smartphone applications incorporate evidence-based behaviour 

change techniques?”, which was published in BMC Pub Health. 2014; 14(646). 

Given the proliferation of apps to promote positive lifestyle change, this 

chapter presents a review of the presence of BCTs on top-downloaded PA and 

dietary apps available to the public to determine their potential value for promoting 

behaviour change.  Previous studies had assessed the use of theories of behaviour 

change in app development, but none had assessed the extent to which specific 

BCTs were used. 

This piece of research was undertaken to address Objective 2, which was to 

assess technology-based PA and SB tools commercially available to the public. 
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4.2. ABSTRACT 

Background 

There has been a recent proliferation in the development of smartphone 

applications (apps) aimed at modifying various health behaviours. While 

interventions that incorporate behaviour change techniques (BCTs) have been 

associated with greater effectiveness, it is not clear to what extent smartphone apps 

incorporate such techniques. The purpose of this study was to investigate the 

presence of BCTs in physical activity and dietary apps and determine how reliably 

the taxonomy checklist can be used to identify BCTs in smartphone apps. 

Methods 

The top-20 paid and top-20 free physical activity and/or dietary behaviour 

apps from the New Zealand Apple App Store Health & Fitness category were 

downloaded to an iPhone. Four independent raters user-tested and coded each app 

for the presence/absence of BCTs using the taxonomy of behaviour change 

techniques (26 BCTs in total). The number of BCTs included in the 40 apps was 

calculated. Krippendorff’s alpha was used to evaluate interrater reliability for each 

of the 26 BCTs. 

Results 

Apps included an average of 8.1 (range 2-18) techniques, the number being 

slightly higher for paid (M = 9.7, range 2-18) than free apps (M = 6.6, range 3-14). 

The most frequently included BCTs were “provide instruction” (83% of the apps), 

“set graded tasks” (70%), and “prompt self-monitoring” (60%). Techniques such as 

“teach to use prompts/cues”, “agree on behavioural contract”, “relapse prevention” 

and “time management” were not present in the apps reviewed. Interrater reliability 

coefficients ranged from 0.1 to 0.9 (Mean 0.6, SD = 0.2). 

Conclusions 

Presence of BCTs varied by app type and price; however, BCTs associated 

with increased intervention effectiveness were in general more common in paid 

apps. The taxonomy checklist can be used by independent raters to reliably identify 

BCTs in physical activity and dietary behaviour smartphone apps. 
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4.3. INTRODUCTION 

Lifestyle behaviours, such as diet and physical activity, are modifiable risk 

factors associated with many non-communicable diseases (NCDs), which account 

for 63% of deaths worldwide (187). To date, many intervention programs targeting 

physical activity and dietary changes have had modest effects and their long-term 

effectiveness is not well established (188-191). Thus, public health researchers have 

begun to examine novel approaches to deliver behaviour change interventions. 

Mobile and wireless technology (mHealth) is a growing area in the prevention and 

management of NCDs and holds potential to deliver health-related behaviour change 

interventions (192-194). Mobile phone ownership has reached saturation in many 

developed countries with an increase in smartphone ownership. A 2012 survey in the 

United States (U.S.) of three thousand adults indicated that 85% owned a mobile 

phone, 53% of those being smartphones. Moreover, 84% of smartphone owners had 

downloaded an app to their device and 19% had downloaded an app to specifically 

manage their health (195). 

Despite the recent proliferation of apps to promote positive lifestyle change, 

there is a dearth of research evidence regarding their effectiveness. Further, content 

analysis of existing apps have identified gaps between evidence based guidelines 

and app content relating to smoking cessation (196, 197), weight loss (198, 199), 

diabetes (200) and exercise (201). While theoretically grounded mHealth behaviour 

interventions increase the likelihood of achieving behaviour change, it has been 

suggested that current theories are inadequate to guide mHealth interventions, which 

need to be more interactive and dynamic (202). Abraham and Michie have suggested 

that there are a number of behaviour change techniques (BCTs) common to many 

health behaviour theories (98), of which at least five are evident in effective physical 

activity and dietary interventions (i.e. self-monitoring, intention formation, specific 

goal setting, review of behavioural goals and feedback on performance) (100). 

While studies have been conducted to determine the extent to which behaviour 

change theory has been applied to app development, none have quantified the extent 

to which specific BCTs are included.  
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The present study sought to determine the presence/absence of BCTs in the 

top 20 free and top 20 paid physical activity and dietary smartphone apps from the 

New Zealand iTunes Apple App Store Health & Fitness category. A second aim was 

to determine whether the BCTs taxonomy checklist could be used to reliably identify 

BCTs in smartphone apps. 

4.4. METHODS  

4.4.1 Study Design 

 A comparative assessment of the presence of BCTs within smartphone apps 

from the New Zealand Apple App Store Health & Fitness category was undertaken 

by four independent raters. The raters were all trained in health behaviour change; 

one dietetics and nutrition master student, two health sciences doctoral students and 

one health psychologist. The study was conducted in accordance to ethical 

standards. Human subjects were not recruited and therefore no ethics approval was 

required.  

4.4.2 Sample 

 The apps were located and downloaded using the software ‘iTunes’ on 

November 12 of 2012 (available for download at www.apple.com/itunes). To be 

included in the present evaluation apps had to be designed either to promote health 

or prevent disease, and specifically address physical activity and/or dietary 

behaviours. Irrelevant and miscategorised apps under the specified Health & Fitness 

category or apps addressing other health behaviours were excluded.  Apps were 

identified within the Health & Fitness category of iTunes by clicking on the “Top” 

ordering function button (i.e. “Top Paid iPhone Apps” and “Top Free iPhone 

Apps”). Their titles and descriptions were initially screened by the first author. Apps 

that met the inclusion criteria were downloaded until a total of 20 was achieved. 

This procedure was repeated to retrieve the 20-top paid and 20-top free apps. During 

screening, nine top-paid and 11 top-free apps were excluded for not meeting the 

inclusion criteria (see Figure 7 for an overview of the sampling procedure). All apps 

were downloaded to an iPhone 4 or 5 running iOS 6.0.1 (version of Apple operating 

system for iPhones).  
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Figure 7. Selection of sample of apps 

4.4.3 Measurement 

The Taxonomy of Behaviour Change Techniques Used in Interventions and 

the Coding Manual to Identify Behaviour Change Techniques in Behaviour Change 

Intervention Descriptions were used for the present evaluation (98). Abraham and 

Michie previously developed and demonstrated the feasibility and reliability of using 

the taxonomy for identifying BCTs in behavioural interventions. The coding manual 

provides guidelines to detect whether an intervention description includes any or all 

of the 26 defined BCTs (Table 3). Mean kappa values of 0.80 and 0.82 (i.e. good 

reliability) have been observed when applying the taxonomy of BCTs to physical 

activity and healthy eating intervention descriptions, respectively (98). Each app was 

rated for inclusion of each of the 26 BCTs. Formal statistical comparisons in terms 

of differences in the number of BCTs between apps were not conducted for the 

following reasons. First this was an exploratory study to determine whether an 

existing coding system could be used reliably to assess BCTs among mobile phone 

apps. Second, given the number of apps assessed in this study and the potential for 

differences in BCTs between apps, the number of comparisons needed would likely 

result in Type 1 error.  

4.4.4 Procedure 

For each app, descriptive information was retrieved regarding its popularity 

(i.e. frequency of downloads relative to other apps within the same category), 

average rating (i.e. average number of stars the app was rated ranging one to five), 

 

400 Health & Fitness category 
apps limited to most popular 
        200 free 
        200 paid 

40 apps included in analysis 
        20 free 
        20 paid 

20 apps excluded as unrelated to 
physical activity and dietary 
behaviours 
        8 sleep apps 
        3 menstrual period tracker apps 
        3 heart rate meters apps 
        1 horoscope app 
        1 fundraising app 
        3 magazines apps 
        1 pregnancy app 
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total ratings (i.e. number of users who downloaded the app and voluntarily rated it), 

total "hate it", “don’t like it”, “it’s ok”, “it’s good”, and “it’s great” ratings (i.e. 

number of times the app was rated with one to five stars, respectively), customer 

reviews (i.e. number of times the app was reviewed) and price (as shown in 

Appendix 2.1). Every app was evaluated by four independent raters using three 

iPhones between November 2012 and April 2013. The four raters separately tested 

all apps in detail to become familiar with all the interfaces, menus, features, and 

functionalities of the apps (e.g. “profile”, “routes”, “workouts”, “friends”, “meals”, 

“charts”, “analysis”, “my plan”, “nutrition”, “settings”, “tips & tricks”, “FAQ”). The 

apps were user-tested independently by each rater, with each app being used for at 

least fifteen minutes (e.g. some apps required an initial customisation/profile 

creation). In order to allow enough time for possible notifications/reminders to 

occur, raters were asked to have the apps on their devices for a few days and be 

mindful of such reminders. 

Prior to evaluation, all raters read the BCTs definitions carefully and had the 

opportunity to clarify and discuss the definitions. Before beginning a coding session 

raters read each BCT description carefully to ensure clear differentiation between 

techniques. After using each app, raters reviewed each of the menu functions to rate 

the presence or absence of BCTs according to the checklist. A dichotomous score of 

“0” absent or “1” present was applied for each of the 26 BCTs. Disagreements were 

resolved by consensus discussion.  

4.4.5 Statistical Analyses 

All statistical analyses were conducted using IBM SPSS Statistics version 

20.0. Frequencies and percentages of each of the 26 BCTs included in the 40 apps 

were calculated. Krippendorff’s alpha was used to evaluate interrater reliability for 

each of the 26 BCTs. This statistic is appropriate because it can be used with any 

number of observers, sample sizes, and satisfies all criteria for a good measure of 

reliability (203). Further, a macro that computes Krippendorff’s alpha is available 

for statistical software packages, such as SPSS (203). 
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4.5. RESULTS 

The majority of the 40 apps reviewed targeted physical activity (30 apps, 

75%), followed by dietary behaviour (6 apps, 15%), and combined behaviours (4 

apps, 10%). Attributes of the paid and free apps are presented in Table 2. Generally, 

apps were rated in iTunes customer ratings as good (mean = 4.1 on a scale of one to 

five stars). Free apps were on average rated more times (193.4) and had more 

customer reviews (108.7) than paid ones (35.9 and 22.9, respectively). The average 

rating was slightly higher for paid (4.2) compared to free apps (3.9). 

 

Table 2. Descriptive data of the top-40 apps 

Attributes Free Paid Overall 

Average rating (1-5) 
3.93 

(0.55) 
[3-5] 

4.17 
(0.94) 
[1-5] 

4.05 
(0.77) 
[1-5] 

Total ratings 
193.35 

(567.78) 
[0-2529] 

35.85 
(35.54) 
[0-115] 

114.60 
(405.00) 
[0-2529] 

"hate it" ratings (1 star) 
13.00 

(24.75) 
[0-92] 

1.80 
(2.38) 
[0-9] 

7.40 
(18.25) 
[0-92] 

“don’t like it” ratings (2 stars) 
5.80 

(11.72) 
[0-47] 

1.20 
(1.40) 
[0-4] 

3.50 
(8.56) 
[0-47] 

“it’s ok” ratings (3 stars) 
8.80 

(20.42) 
[0-79] 

2.35 
(3.41) 
[0-14] 

5.58 
(14.81) 
[0-79] 

“it’s good” ratings (4 stars) 
35.60 

(90.82) 
[0-371] 

8.25 
(10.09) 
[0-32] 

21.93 
(65.27) 
[0-371] 

“it’s great” ratings (5 stars) 
130.15 

(430.92) 
[0-1940] 

22.25 
(23.05) 
[0-74] 

76.20 
(306.12) 
[0-1940] 

Customer reviews 
108.70 

(341.48) 
[0-1527] 

22.90 
(27.14) 
[0-89] 

65.80 
(243.01) 
[0-1527] 

Price (NZD$) - 
3.28 

(2.35) 
[1.29-10.99] 

1.64 
(2.33) 

[0-10.99] 
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Attributes Free Paid Overall 

Total BCTs 
6.55 

(3.50) 
[3-14] 

9.65 
(4.38) 
[2-18] 

8.10 
(4.22) 
[2-18] 

PA behaviour apps 15 15 30 
Dietary behaviour apps 3 3 6 
PA + Dietary behaviour apps 2 2 4 
Note. Standard Deviations appear in parentheses below means; Ranges appear in 
brackets below SD. PA = Physical Activity; BCTs = Behaviour Change 
Techniques. 

 

Overall, apps included an average of 8.1 (range 2-18) BCTs, with slightly 

more BCTs present for paid (mean = 9.7, range 2-18) as compared to free apps 

(mean = 6.6, range 3-14) (see Figure 8). Commonly included BCTs were “provide 

instruction” (83% of the apps), “set graded tasks” (70%), and “prompt self-

monitoring” (60%). “Model/demonstrate the behaviour” (53%), “provide 

opportunities for social comparison”, “plan social support/social change” and 

“prompt identification as a role model” were also frequently incorporated (55%). 

“Prompt barrier identification”, “prompt self-talk”, and “motivational interviewing” 

were seldom included (3%), and “teach to use prompts/cues”, “agree on behavioural 

contract”, “relapse prevention” and “time management” were not included. “Prompt 

intention formation”, “provide general encouragement”, “prompt specific goal 

setting”, “prompt self-monitoring of behaviour”, and “prompt practice” were 

techniques included more frequently in paid compared to free apps. 
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Figure 8. Incorporation of BCTs within the top-40 apps  
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Reliability data are presented in Table 3. Coefficients ranged from 0.1 to 0.9 

with a mean of 0.6 (SD = 0.2), indicating moderate reliability. Raters agreed that 

none of the apps used BCT15 “teach to use prompts/cues”, BCT16 “agree on 

behavioural contract”, BCT23 “relapse prevention” and BCT26 “time management”. 

Despite 100% agreement, the calculation of alphas for these techniques was not 

possible because there was no variation in the reliability data matrix (203). Of the 22 

reliability tests, seven (32%) yielded alphas of more than 0.7, indicating good 

reliability, and only two (9%) were below 0.4. Inferior reliability was observed for 

four techniques: BCT2 “provide information on consequences” (0.4), BCT3 

“provide information about others’ approval” (0.4), BCT5 “prompt barrier 

identification” (0.1), which was only observed once, and BCT6 “provide general 

encouragement” (0.4). 

 

Table 3. Reliability of BCT identification 

Technique Krippendorf’s α 
1. Provide general information .57 

2. Provide information on consequences .41 

3. Provide information about others’ approval .38 

4. Prompt intention formation .57 

5. Prompt barrier identification .10 

6. Provide general encouragement .41 

7. Set graded tasks  .81 

8. Provide instruction .66 

9. Model or demonstrate the behaviour .82 

10. Prompt specific goal setting .52 

11. Prompt review of behavioural goals .47 

12. Prompt self-monitoring of behaviour .85 

13. Provide feedback on performance .54 

14. Provide contingent rewards .60 

15. Teach to use prompts/cues * 

16. Agree on behavioural contract * 
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Technique Krippendorf’s α 

17. Prompt practice .56 

18. Use follow-up prompts .46 

19. Provide opportunities for social comparison .88 

20. Plan social support/social change .88 

21. Prompt identification as a role model .90 

22. Prompt self-talk .66 

23. Relapse prevention * 

24. Stress management .85 

25. Motivational interviewing .66 

26. Time management * 

Mean .62 

Note. * - Input reliability data matrix exhibits no variation. BCTs = Behaviour 
Change Techniques. 

 

4.6. DISCUSSION 

This study identified the presence or absence of BCTs in popular physical 

activity and/or dietary behaviour apps. There was substantial variation in the 

numbers of BCTs present, with an average of eight techniques per app. Using a 

taxonomy and coding manual it was possible to identify BCTs used in smartphone 

health behaviour change applications. Beyond these general observations, specific 

issues are outlined below. 

Previous research has already highlighted the shortage of theoretical content 

present in interactive technologies such as web sites (204) and apps (196, 198, 200) 

designed to promote health behaviour change (197, 199, 201, 205, 206). Consistent 

with previous research, our findings demonstrate the relative absence of behaviour 

change strategies present in physical activity and dietary apps.  Moreover, this study 

highlights the potential to improve future app development by incorporating key 

strategies known to enhance behaviour change. For example, existing technologies 

permit real time assessment, feedback, and tailoring, however, in the present study, 
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only 38% and 23% of the apps prompted specific goal setting or prompted review of 

behavioural goals, respectively.  

The five BCTs shown to be commonly associated with greater effectiveness 

for modifying physical activity and diet in previous studies were present to varying 

degrees in the apps reviewed here (i.e. self-monitoring – 60% of apps, intention 

formation – 50%, specific goal setting – 38%, review of behavioural goals – 23% 

and feedback on performance – 53%). However, these five BCTs were in general 

more common in paid versus free apps.  BCTs such as relapse prevention, which is 

important for sustained behavioural change (207) was not present in any of the 

reviewed apps, which questions the value of these apps for changing behaviour in 

the long-term. 

The observed differences in reliability identifying BCTs indicate the need to 

clarify definitions and/or coding instructions. We evaluated the presence of BCTs 

using a coding instrument originally developed to identify BCTs from written text in 

published papers describing an intervention (98). Perhaps specific coding 

instructions to apply when assessing the active ingredients of mHealth or interactive 

technologies such as apps or video games can be developed. The present research 

included a taxonomy of 26 techniques; however, subsequent taxonomies have been 

developed (97). Future content analysis of apps should apply this updated 

hierarchical version of the BCT taxonomy.  

While identifying the active content of health behaviour change interventions 

is crucial, researchers must be aware of the caveats of ascribing effectiveness to 

certain BCTs or combinations of BCTs. To do so, researchers should also consider 

the parameters for effectiveness for each BCT.  These are the required 

characteristics that a translation of a BCT to usable intervention elements must 

incorporate (i.e., an effective BCT is undermined if not correctly applied) (208). 

Additionally, the effectiveness of BCTs is determined by contextual factors such as 

target population (e.g., sample characteristics), behavioural domain (e.g., physical 

activity, smoking) and study design factors (e.g., follow-up period, blinding). 

Further, BCTs frequently co-occur in interventions and they can interact with each 

other (208).  Hence, conclusions about the behaviour change potential of apps based 

on incorporation of BCTs should be interpreted cautiously as BCTs are not effective 
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under all conditions. Caution interpreting our findings in terms of differences in the 

number of BCTs between apps is also warranted as we did not conduct formal 

statistical comparisons. 

The increasing number and diversity of apps available makes its assessment 

a difficult task for the public and clinicians to differentiate which apps can be useful 

in promoting behaviour change. Presumably, the value of apps can be enhanced by 

developers incorporating more features, theory, and BCTs into their apps, which in 

turn will increase the behaviour change potential of the app. The current study 

suggests the higher potential quality of paid apps should be a factor to weight when 

selecting and using apps for personal use, clinical intervention, or future research. 

Furthermore, guidelines can be created to influence and help app developers as to 

which BCTs (and other components) to include that likely will enhance the 

behaviour change potential of apps. 

Despite the proliferation of physical activity and dietary apps, it is not clear 

whether they are effective at modifying behaviour. At present, there is a dearth of 

effectiveness data of app-based interventions to promote healthy behaviours (209), 

and robust, rigorously conducted and adequately powered trials are required to 

determine their effectiveness. On the other hand, app development proceeds at a rate 

that far out paces time frames typically observed in trial development and conduct. 

Thus, more dynamic forms of evaluation methods are required to determine the 

effectiveness of such technologies (210). Generally, the effectiveness of mHealth 

interventions such as text messaging for modifying health behaviours (e.g., smoking 

cessation) has been established (211); however the effectiveness of more complex 

and dynamic mHealth interventions including apps has yet to be determined.  

A strength of this study was the use of an established instrument to 

systematically rate the incorporation of BCTs in the respective apps. However, in the 

present study, the presence of BCTs was determined by user-testing the apps rather 

than from text descriptions.  Some app features were not explicit during use. For 

example, reminders, weekly updates, and pop-up feedback, etc, may have occurred 

for one, but not all raters at any given time. Despite these issues, modest reliability 

between raters was observed (0.6). Another strength was the use of four raters, with 

a range of behaviour change experiences, which provided a more comprehensive 
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assessment of the apps and the use of the taxonomy checklist. A major limitation of 

this study was not including apps from other app stores such as the Google Play 

Store / Android platform, or app stores from other countries besides NZ, which 

limits the generalizability of the findings. Nevertheless, we investigated the most 

popular and commonly downloaded apps of the iTunes Apple App Store Health & 

Fitness category, which represent a sample of apps that many people are using and 

therefore increases the study relevance. Of note, apps may exist that incorporate 

more evidence based BCTs than those included in the study sample as we only rated 

the most popular apps. Furthermore, technology has a dynamic nature with new apps 

and updates developed every day, consequently, these evaluations need to be 

updated periodically. 

The advantages of mobile phone (mHealth) solutions compared to other 

health intervention delivery modes include the persistent interactivity, 

personalisation and engagement, potential to make healthcare more accessible and 

scalable, more cost-effective and more equitable (129). Such characteristics provide 

significant potential to assist in disease prevention strategies and supporting 

sustained change in lifestyle behaviours. However, there are too many apps for 

consumers and professionals to choose from (212). In addition, the majority within 

the health & fitness category of the Apple iTunes U.S. store scored less than 40 out 

of a possible 100 for functionality according to a recent report from the IMS Institute 

for Healthcare Informatics that concluded apps do little more than providing 

information (213).  Emerging evidence  demonstrates the need for collaboration 

between health behaviour change experts and app developers to create apps that 

include effective BCTs. Future research is also need to better understand how 

individuals use apps after downloading them, and to investigate features that may 

impact user acceptability and preference (214). 

4.7. CONCLUSIONS 

Presence of BCTs varied by app type and price; however, BCTs associated 

with increased intervention effectiveness were in general more common in paid 

apps. The BCTs taxonomy checklist can be used by independent raters to reliably 

identify BCTs in physical activity and dietary behaviour smartphone apps. 
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CHAPTER 5. SMARTPHONE APPS TO 
IMPROVE FITNESS AND INCREASE PHYSICAL 
ACTIVITY AMONG YOUNG PEOPLE: 
PROTOCOL OF THE APPS FOR IMPROVING 
FITNESS (AIMFIT) RANDOMIZED 
CONTROLLED TRIAL 

5.1. INTRODUCTION TO PUBLICATION 

 

This chapter includes content from a manuscript entitled “Smartphone apps 

to improve fitness and increase physical activity among young people: protocol of 

the Apps for IMproving FITness (AIMFIT) randomized controlled trial”, which was 

published in BMC Pub Health. 2015; 15(635). 

Findings from the previous reviews highlighted a dearth of studies to assess 

the effectiveness of existing apps.  To address this limitation, we aimed to determine 

the effectiveness of two popular commercially available apps designed to increase 

fitness and PA levels among insufficiently active young people.. 

This piece of research was undertaken to address Objective 2, which was to 

evaluate the effectiveness and acceptability of off-the-shelf technology-based PA 

promotion tools available to the public comparing it with usual care. 
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5.2. ABSTRACT 

Background 

Physical activity is a modifiable behavior related to many preventable non-

communicable diseases. There is an age-related decline in physical activity levels in 

young people, which tracks into adulthood. Common interactive technologies such 

as smartphones, particularly employing immersive features, may enhance the appeal 

and delivery of interventions to increase levels of physical activity in young people. 

The primary aim of the Apps for IMproving FITness (AIMFIT) trial is to evaluate 

the effectiveness of two popular ‘off-the-shelf’ smartphone apps for improving 

cardiorespiratory fitness in young people.  

Methods/Design 

A three-arm, parallel, randomized controlled trial will be conducted in 

Auckland, New Zealand. Fifty-one eligible young people aged 14-17 years will be 

randomized to one of three conditions: 1) use of an immersive smartphone app, 2) 

use of a non-immersive app, or 3) usual behavior (control). Both smartphone apps 

consist of an eight-week training program designed to improve fitness and ability to 

run 5 km, however, the immersive app features a game-themed design and adds a 

narrative. Data are collected at baseline and 8 weeks. The primary outcome is 

cardiorespiratory fitness, assessed as time to complete the one mile run/walk test at 8 

weeks. Secondary outcomes are physical activity levels, self-efficacy, enjoyment, 

psychological need satisfaction, and acceptability and usability of the apps. Analysis 

using intention to treat principles will be performed using regression models.  

Discussion 

Despite the proliferation of commercially available smartphone applications, 

there is a dearth of empirical evidence to support their effectiveness on the targeted 

health behavior. This pragmatic study will determine the effectiveness of two 

popular “off-the-shelf” apps as a stand-alone instrument for improving fitness and 

physical activity among young people. Adherence to app use will not be closely 

controlled; however, random allocation of participants, a heterogeneous group, and 

data analysis using intention to treat principles provide internal and external validity 

to the study. The primary outcome will be objectively assessed with a valid and 
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reliable field-based test, as well as the secondary outcome of physical activity, via 

accelerometry. If effective, such applications could be used alongside existing 

interventions to promote fitness and physical activity in this population. 

Trial Registration 

Australian New Zealand Clinical Trials Registry: ACTRN12613001030763. 

Registered 16 September 2013. 

Keywords 

Physical activity; Fitness; Exercise, Adolescent; Health promotion; mHealth; 

Smartphone 
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5.3. BACKGROUND 

Cardiovascular diseases (CVD) remain the leading cause of morbidity and 

Participation in regular physical activity has been associated with better 

cardiometabolic indices (215-217), skeletal health (218), and cognitive and 

academic performance (219, 220) in young people (i.e. children and adolescents 

aged 7-18 years). Conversely, doing little or no physical activity has been related to 

poor health outcomes (221) and decreased quality of life in adulthood (222), 

resulting in extended medical care and associated costs (31, 223). There is an age-

related decline in physical activity levels among children aged nine years and older, 

with the lowest levels among adolescents (particularly females) (224-227). This 

decline is important because physical activity patterns have been shown to track 

from adolescence into adulthood (228-230). Increasing physical activity in young 

people therefore is an important public health and research priority (231).  

Despite the importance of regular physical activity, young people live in an 

environment with increased barriers to physical activity and increased options for 

sedentary leisure activities (232). Interventions targeting young people to date have 

met with mixed success regardless of context of delivery (e.g. home-family based, 

school based). Moreover, they tend to have limited reach and are resource intensive 

to deliver because they often involve multicomponent interventions (e.g. 

educational, environmental, policy) and different settings (school, school plus 

community, family, primary care) (233, 234). Given their ubiquitous use by young 

people, mobile phones may offer a viable opportunity to reach this population and 

deliver interventions aimed at promoting health behaviors, including physical 

activity. Benefits of mobile health (mHealth) delivery approaches over traditional 

face-to-face methods are they can be personalized according to participant needs, 

and intervention content can be provided anywhere/at any time, making them 

potentially more accessible, scalable, and cost-effective (129, 130).  

mHealth systems can be used to make health information and behavior 

change more appealing and entertaining through gaming (130). There is scarce 

evidence on the effectiveness of health video games played on mobile devices, 
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however, video games played on traditional systems have been shown to promote 

positive health-related outcomes (235, 236). Adding physical activity to video 

gaming has been proposed as a strategy to increase physical activity during leisure 

time (237-239), with greater enjoyment associated with increased energy 

expenditure during play of active video games (240, 241). Importantly, engagement, 

which reflects distraction from the real world, was found to predict enjoyment and, 

consequently, energy expenditure (240). One important design feature to engage and 

sustain use of such games by making them more enjoyable is the presence of a 

narrative or story (81, 242). A narrative with immersive properties – i.e. a process in 

which people are transported into the story – enables the suspension of disbelief, 

vivid personal experiences, and affection for the characters (81), all of which 

important in the development of intrinsic motivation (89), a key determinant of 

physical activity behavior (243). An immersive narrative has been positively 

associated to improvements in physical activity self-efficacy in a randomized trial of 

a health video game to improve children’s diet and physical activity behaviors (84). 

Additionally, previous studies demonstrated that a game-themed aerobic game is 

perceived as more enjoyable than an exercise-themed aerobic game (241, 244). 

Given the target population and intervention proposed, these design features are 

important to consider.  

Much of the evidence to date on the effectiveness of mHealth interventions 

has focused on the use of short-message service (SMS). This research has targeted a 

wide range of health conditions (245) and a number of systematic reviews support 

the delivery of SMS interventions to improve a range of health behaviors (141, 246). 

There is growing interest in the use of SMS to promote young people’s physical 

activity (247), however, the utilization of smartphone technologies, including apps, 

is still in its infancy. Smart phone technology appears to resonate with young people. 

National surveys conducted in the United States (U.S.) indicate smartphone 

ownership among young people aged 12-17 has increased from 23% in 2011 (248)  

to 37% in 2012 (249) and is similar  across ethnicity and family income. Mobile 

phone penetration in New Zealand mirrors these data, where household access to 

mobile phones increased from 74% to 84% from 2006 to 2013 (250). Additionally, 

58% of the U.S. young people have downloaded an application (app) to their devices 

(251).  
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In recent years there has been a proliferation in the number of ‘off-the-shelf’ 

apps developed to promote health behaviors. By 2013 there were more than 40 

thousand apps available to the general consumer in the U.S. iTunes store health & 

fitness category (213). While only approximately half were genuinely healthcare 

related, this still represents an immense number of apps, the majority targeting 

physical activity and dietary behaviors. Further, an assessment of their functionality 

found apps do little more than provide information (213). Even though content 

analysis of apps provide preliminary insights on their potential (252, 253), there is a 

dearth of empirical evidence to support their effectiveness on the targeted health 

behavior (254, 255), including physical activity (209, 256).  

A proposed model for better understanding how an app intervention may 

influence possible mediators that change physical activity behavior and 

consequently improve fitness is presented in Figure 9. It is hypothesized that the app 

will positively affect mediating variables, such as enjoyment, autonomy, 

competence, relatedness, and self-efficacy; which in turn would result in physical 

activity-related changes in fitness. We identified two commercially readily available 

apps, both designed to promote increases in walking and running, which are physical 

activity behaviors that contribute to improvements in fitness. Additionally, we are 

interested in comparing an app designed with an immersive story to an app without 

story since game-based stories that engage individuals can be used for health 

behavior change (84, 235) to model behaviors by immersing and capturing attention.  
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Figure 9 Proposed conceptual model and pathway of how use of the apps may 

influence possible mediators that change physical activity behavior and 

consequently influence fitness  

Therefore, the primary aim of the Apps for IMproving FITness (AIMFIT) 

trial is to evaluate the effectiveness of two popular ‘off-the-shelf’ smartphone apps 

for improving cardiorespiratory fitness in young people aged 14 to 17 years, 

compared to usual behavior alone (the control). Secondary goals are to determine the 

effect of the interventions on physical activity levels, self-efficacy, enjoyment, and 

psychological need satisfaction. Perceptions of usability and acceptability of the 

apps will also be assessed. 

5.4. METHODS/DESIGN 

An eight-week, three-arm parallel randomized controlled trial will be 

conducted in Auckland, New Zealand with a total of 51 eligible participants. The 

primary outcome is cardiorespiratory fitness at 8 weeks after randomization. We 

hypothesize that participants who receive a smartphone app will have greater 
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cardiorespiratory fitness compared to the control group. Secondarily, we hypothesize 

fitness, physical activity levels, self-efficacy, enjoyment and psychological needs 

satisfaction will be greater in the immersive app group compared to the non-

immersive app group at 8 weeks after randomization. We also expect that 

recruitment goals will be met, attrition will be low, and that we will be able to 

collect complete data on at least 80% (41/51) of participants.   

The protocol is in accord with the SPIRIT 2013 statement (257, 258), and the 

intervention is described according to the CONSORT-EHEALTH checklist (259). 

See Appendix 3.1 for the complete checklist. 

5.4.1 Study sample and recruitment 

Eligible participants are English-speaking New Zealand young people aged 

14-17 years, living in Auckland, who are owners of an iPod touch® or smartphone 

running at least Android 2.2 or iOS 6.0, and are able to perform physical activities 

but do not meet the New Zealand guidelines for regular physical activity (260) (i.e. 

at least 60 minutes of moderate to vigorous physical activity each day). Exclusion 

criteria are a medical condition limiting their ability to exercise safely, previous use 

or download of the apps of interest, and inability to comply with the study protocol. 

Only one child per household is eligible to take part. 

Several methods are used for participant recruitment including university 

electronic mailing lists, advertisements in local newspapers, flyers posted in 

community locations, and visits to high schools to present the study. Even though 

subgroup analyses of certain demographics or socioeconomic groups is not a goal of 

this study, to improve access of indigenous and ethnic minority populations to the 

intervention we visited schools of the greater Auckland area where a large number 

of Maori and Pacific reside. The criteria for selection were broad in an attempt to 

include a diverse sample, reduce homogeneity and improve the generalizability of 

the results.  

Interested participants either initiate contact with the research team or their 

contact details are obtained from sign-up sheets delivered while visiting schools to 

present the study. During an initial telephone call, interested participants are 

screened for eligibility (261) and a study information sheet is either posted or 
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emailed. A baseline assessment is scheduled for eligible participants within 4 weeks 

of the screening call. Parents/caregivers provide written informed consent for their 

child (14-15), while the child provides written assent. Those aged 16-17 years 

provide their own written informed consent. Participants will receive a NZ $30 gift 

card to a local shopping center as an incentive for participation and encourage 

completion of study measures. Incentives are not conditional on usage of the app. 

Moreover, participants will be told both apps will be provided (i.e. free of charge) at 

study termination, which is particularly important to meet the expectations of using 

physical-activity related apps of those in the control group in order to avoid high 

dropout rates. As adherence to the intervention is one of the outcomes of interest, no 

reinforcement strategies will be used to influence compliance. 

5.4.2 Outcome assessments 

Assessments are conducted at baseline and 8-weeks post randomization (see 

Figure 10) at the University of Auckland clinics and sport grounds (duration 45 to 60 

minutes, of which 10 to 15 min to complete self-reported measures). Baseline 

assessments involve an explanation of study procedures, signed consent and 

collection of participant-reported secondary outcomes, followed by physical 

measurements (height and weight) and a field test of cardiorespiratory fitness. 

Participants are then asked to wear an accelerometer for seven consecutive days. 

Randomization takes place at a subsequent visit to the participants’ home once 

baseline accelerometer data collection is completed. 
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PAQA—Physical Activity Questionnaire for Adolescents; PACES—Physical 
Activity Enjoyment Scale; PNSES—Psychological Need Satisfaction in Exercise 
Scale; PASES—Physical Activity Self-Efficacy Scale 

Figure 10. Flow diagram of the study

5.4.3 Ethical approval 

Ethical approval was obtained from the University of Auckland Human 

Participants Ethics Committee (10054/2013). The study was registered at the 

Australian New Zealand Clinical Trials Registry before commencement 
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(ACTRN12613001030763). Adverse events are collected at each visit or voluntarily 

reported by contacting the investigator.  

5.4.4 Sample size 

A total sample of 51 participants (17 per group) will provide 80% power at 

5% level of significance (two-sided) to detect a minimal difference of 17 seconds in 

time to complete the one mile run/walk test at eight-week post randomization 

between the treatment groups. This has assumed a standard deviation of 15 seconds 

on the primary outcome, with adjustment for multiple comparisons. Based on 

normative data (262) for this population, the calculation assumes a mean baseline 

value of 10-min to complete the one mile/1.6 Km run/walk test.. An improvement in 

the completion time of 78 seconds for this distance corresponds to a shift from the 

25th to the 50th percentile in terms of cardiorespiratory fitness, which is considered a 

meaningful impact towards a more favorable cardiovascular profile. 

5.4.5 Randomization and blinding 

Following the baseline measurement, participants are randomized at a 1:1:1 

ratio to one of three conditions. The randomization sequence was generated by the 

study statistician using a computer program in variable blocks (3 and 6), stratified by 

sex (263). Allocation was concealed in consecutively numbered, opaque sealed 

envelopes. Given the nature of the intervention, participants are aware of the group 

to which they have been allocated. The outcome assessor will not be blinded to the 

treatment allocation, however, the assessment of cardiorespiratory fitness and 

physical activity levels utilize objective measures.     

5.4.6 Description of interventions 

Participants randomized to the intervention groups receive either a non-

immersive or immersive app (see description below), which is downloaded on their 

mobile device by AD. Once installed, participants receive a short instruction on the 

features and settings of the app and are encouraged to use it three times per week. 

No changes will be made to the intervention or study design once recruitment 

begins, however, participants can choose to stop receiving the intervention and will 

be informed of this during the consenting process.  



Chapter 5 - Smartphone apps to improve fitness and increase physical activity among young people: 
protocol of the Apps for IMproving FITness (AIMFIT) randomized controlled trial 

 84 

The choice for the interventions was based on previous work conducted by 

the authors, which evaluated the top-40 most downloaded apps of the health and 

fitness category of the New Zealand iTunes store. In this study we rated ‘off-the-

shelf’ apps for the presence or absence of behavior change techniques (252). The 

two apps selected included self-regulatory behavior change techniques previously 

shown to be effective in changing physical activity behavior (i.e. prompt intention 

formation, prompt specific goal setting, prompt self-monitoring, provide feedback 

on performance, and prompt review of behavior goals) (100), were focused on 

improving fitness, and were available in both the Apple and Android stores. Further, 

we were interested in comparing an app with an immersive story to an app without 

story since game-based stories that engage individuals can be used for health 

behavior change (84, 235) to model behaviors by immersing and capturing attention. 

Lastly, these apps are readily available to consumers and are inexpensive (NZ$2.45-

4.19, depending on app store). 

5.4.7 Non-immersive app 

Participants randomized to the non-immersive app group have the “Get 

Running – Couch to 5K” (Figure 11) app installed on their smartphone/iPod touch®. 

This app entails a nine-week training program delivered via headphones with three 

workouts a week (each during 35 minutes approximately) to help individuals run 

“even if getting off the couch is a struggle” (264). The embedded human voice 

coach progressively enhances the user’s fitness until they are able to complete a 5km 

distance.  
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Figure 11. Screenshot of the “Get running” app 

5.4.8 Immersive app 

Participants randomized to the immersive app group have the “Zombies, 

Run! 5K Training” app installed onto their device (Figure 12). Likewise, the app 

consists of an eight-week training program; three workouts a week, each during 35 

minutes approximately, that give detailed instructions via headphones about when to 

walk, jog, run and stretch. However, this app combines the training program with an 

immersing, fun story where the user needs to get fit to escape zombies. Despite its 

“fear themes” and “frequent/intense cartoon or fantasy violence” it is rated as 

suitable for an audience aged 12+ (265). 
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Figure 12. Screenshot of the “Zombies, run!” app 

5.4.9 Control (usual physical activity) 

Participants randomized to the control group are asked to continue with their 

usual physical activities for the duration of the study. Both apps are offered to 

participants once they have completed the study.  

Although the duration of the training program of the non-immersive app is 1-

week longer than the immersive app, the programs are similar regarding their 

frequency and duration of sessions. All participants will be assessed 8-weeks post 

randomization. 
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5.4.10 Outcomes 

5.4.10.1. Primary outcome 

The primary outcome is cardiorespiratory fitness, assessed with the one mile 

run/walk test, is a reliable and valid assessment of cardiorespiratory fitness (266, 

267) that can be used to estimate oxygen consumption (VO2) in young people (268). 

The test is used in the most important fitness test batteries for young people, such as 

Fitnessgram. Participants walk and/or run at their own pace until completing the 

distance in the shortest possible time. The total time (i.e. in minutes and seconds) to 

complete the course is recorded for each participant at both visits, which will be 

computed in seconds for subsequent analysis. Participants will complete the test 

individually, on an outdoor field-track on the University of Auckland campus sport 

grounds. Before the test, warm-up includes a walk on the track and a self-selected 

routine. The procedures listed in the test administration protocol will be followed 

(266), whereby participants will be instructed to “run the distance at the fastest pace 

possible” and asked to try to pace themselves in order to avoid running too fast early 

and then walk in the later stages. Even though the goal is to complete the distance as 

quickly as possible, it will be stressed that if one must walk, he/she should try a fast 

pace and not feel inferior. During the test, participants will be told times as they pass 

the start line - to assist with pacing - and encouraged with positive feedback. A list 

of typical encouragement sentences will be used to ensure consistency. Participants 

will report their rating of perceived exertion before and at the end of the assessment 

using the Children’s OMNI scale (269). Following the test, participants will be free 

to walk around to cool-down and invited to stretch their leg muscles. 

5.4.10.2. Secondary outcomes 

The following secondary outcomes are assessed at baseline and 8 weeks.  

1. Anthropometrics (body mass index) are measured using standardized 

practices (270). Bodyweight is measured to the nearest 0.1kg using a calibrated scale 

(Salter), while height is measured to the nearest 0.1cm using a stadiometer (Seca). 

Physical measurements are taken as the average of two readings. 

2. Self-reported physical activity is assessed using the Physical Activity 

Questionnaire for Adolescents (PAQ-A), a validated self-report seven day recall 

measure with good internal consistency (Cronbach alphas range from 0.72 to 0.85) 
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and acceptable validity compared to an activity monitor (rho = 0.49) (271). The 

PAQ-A items assess physical activity at school (i.e. physical education, lunchtime), 

after school, and at home (organized and recreational). Each statement is scored on a 

five-point scale with higher scores indicating higher activity levels. The final PAQ-

A score is an average of eight items (272) . 

3. Objectively measured physical activity is assessed using the GT1M 

Actigraph (www.theactigraph.com), a motion sensor shown to be a valid and reliable 

instrument for assessing physical activity in young people (273). Participants are 

asked to wear the Actigraph following each assessment for seven consecutive days. 

They are instructed to wear the monitor during waking hours on their mid-axilla line 

right hip, removing it when engaging in activities involving water (e.g. water sports, 

showering) and contact sports. Participants are asked to complete a daily log 

detailing the time the Actigraph was put on and removed. 

The GT1M model was initialized to collect data in 10-second epochs (274). 

The ActiLife software (version 5) (275) is used to initialize the accelerometers and 

download the data following wearing periods. All accelerometer data files are 

exported individually as a .csv file and aggregated into a combined .csv file that is 

imported into SAS. During subsequent processing, data are aggregated into minute 

intervals. To determine valid wear time, periods of more than 60 minutes of 

consecutive zeroes and days with less than 600 minutes of valid records are removed 

before data analysis (276). All participants with at least 3 days of valid data will be 

included in the analysis (277). The average daily time spent in sedentary, light, 

moderate, vigorous and moderate to vigorous activities is calculated for each 

participant. The Evenson cut points for defining activity intensities are used: 

sedentary <100, light >100, moderate ≥2296, vigorous ≥4012 (278-280). 

4. Perceived enjoyment of physical activity is assessed using the Physical 

Activity Enjoyment Scale (PACES) (281). Participants rate their agreement with 16 

statements on a five-point Likert type scale (e.g. “When I am active it gives me a 

strong feeling of success”). Factorial validity and gender invariance among older 

adolescents has been previously demonstrated (282). Scores are summed with higher 

scores indicating higher level of enjoyment. 



Chapter 5 - Smartphone apps to improve fitness and increase physical activity among young people: 
protocol of the Apps for IMproving FITness (AIMFIT) randomized controlled trial 

89 

5. The Psychological Need Satisfaction in Exercise Scale (PNSES) (283) is 

used to measure perceived competence, autonomy and relatedness while exercising. 

Participants rate their agreement with 18 items on a six-point Likert type scale (e.g. 

“I feel free to exercise in my own way”). Six items are referenced to each of the 

three domains. Construct validity and gender invariance for the PNSES have been 

previously documented (283).  

6. Self-efficacy is assessed using the Physical Activity Self-Efficacy Scale 

(PASES) (284). This eight item questionnaire has well-established validity (285). 

Items are scored from on a 3-point Likert-type scale (e.g. “I can be physically active 

most days after school”), with a higher summed score indicating higher self-

efficacy. 

7. Self-reported frequency of app utilization (e.g. “How many times per week 

did you use the app?”), acceptability (e.g. Will you continue to use the app?”), and 

usability (e.g. “When did you use the app?”) of the apps are assessed via an exit 

survey conducted with all intervention participants. A series of open-ended 

questions are asked to determine the features participants considered most and least 

acceptable, as well as the ones they used most often to support their physical 

activity. Objective data on app usage (i.e. automatically logged in the background 

while features were accessed) was not possible to collect due to the apps not being 

developed by the research team and not being open source (i.e., could not be 

modified to suit investigation purposes). 

5.4.11 Statistical analyses 

Treatment evaluation will be performed on the principle of intention to treat. 

Statistical analyses will be conducted using SAS version 9.3 software (SAS Institute, 

Cary, NC, USA). All statistical tests will be two-sided and maintained at a 5% 

significance level. Apart from accelerometry, study data will be keyed into an Excel 

database using data forms enabled with validation criteria. An assistant will 

randomly check 30% of the keyed data for accuracy. All data will be imported into 

SAS for final analysis.  

Baseline characteristics of all randomized participants will be presented for 

each group using descriptive statistics. Continuous variables will be reported as 
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numbers of observed and missing values, mean, standard deviation, median and 

range. Categorical variables will be described as frequencies and percentages.  

Analysis of covariance (ANCOVA) regression model will be used to 

evaluate the main treatment effects on the primary outcome, adjusting for its 

baseline measure, sex, and important baseline confounding factors. Normality of the 

continuous outcome data will be tested, and the goodness of model fit will be 

evaluated. Model-adjusted means will be estimated for each group, and their 

differences will be tested. A similar approach will be used for other continuous 

secondary outcomes. Generalized linear models will be applied to categorical 

outcomes as appropriate. Sensitivity analysis will be conducted on the primary 

outcome with missing data (if >10%), using multiple imputations with the MCMC 

method (286). 

Psychosocial variables (i.e. perceived enjoyment, autonomy, competence, 

relatedness and self-efficacy) related to physical activity will be considered as 

potential mediators of the intervention (Figure 13 illustrates the mediation model to 

be tested; dotted lines indicate hypothesized mediation paths) (287). The 

recommendations of Kraemer for testing mediators of intervention effects in 

randomized clinical trials will be followed (287). Data permitting, further analysis 

will evaluate the treatment effects on a subgroup of participants who report having 

adhered to the intervention. 
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Figure 13. Mediation model to be tested (dotted lines indicate hypothesized 

mediation paths).  

5.5. DISCUSSION 

The AIMFIT study aims to investigate the effectiveness of two commercially 

available smartphone applications to improve fitness and activity levels in young 

people. While there is considerable potential for enhancing the reach of behavior 

change interventions through the use of smartphone apps, their effectiveness as a 

stand-alone approach is yet to be determined. This randomized controlled trial will 

provide much needed data regarding the effectiveness of an off-the-shelf 

intervention involving minimal contact with the participant to promote fitness and 

physical activity in young people.  

A pragmatic study design was chosen because we were interested in 

evaluating the effects of the apps in a real or everyday routine (288). The AIMFIT 

participants use the app at locations and times of their choice where app utilization 

tends to occur, which will maximize the findings’ ecological validity. The 

intervention and its delivery are allowed to vary (e.g. different devices, different 
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utilization of the apps), respecting the participants’ decisions, and no additional 

efforts will be made for its standardization. While we recognize this limitation, the 

present study will provide insights of the usefulness of the intervention in a real 

world setting where it would be implemented, thereby increasing the applicability 

and generalizability of the results (289). Although frequency and duration of self-

initiated use of the apps will neither be directly observed nor reported by the 

participants during the intervention, those in the experimental groups will self-report 

frequency of app use at study completion on the exit survey, which, despite prone to 

recall and social desirability bias, is a relevant outcome per se. Co-interventions (i.e. 

intervention groups access other apps) and/or contamination (i.e. control group 

accesses the apps under investigation) are a limitation of this design. However, and 

importantly, we were targeting a young population (i.e. 14-17 years) and the apps 

under investigation were paid, not free. While not expensive, purchasing an app on 

an app store requires a credit card, which young people do not typically own. 

In the current study we will investigate apps readily available for the 

public/consumer to purchase, rather than apps designed by the research team. This 

approach has caveats in that we are limited to the decisions made by the app 

developers, such as the content of the app, duration of the training program, and 

other design features. The research team is unable to objectively access data on app 

usage instead of having a log detailing which and when features were used should 

we have programmed our own app. Moreover, the short duration of the chosen 

intervention precludes investigation of long-term effects.  

The apps herein investigated were designed to promote fitness through an 

eight-week progressive training program based on walking, brisk walking, and 

running. Arguably, running may not be as easily incorporated in daily life activities 

as compared to walking, and therefore be less sustainable in the long-term. 

However, we were interested in the effectiveness of these commercially available 

apps and running is more likely to promote short-term effects in fitness than walking 

alone would. Additionally, promoting a more intense aerobic activity (i.e. running) 

will likely be perceived as an “exercise activity”, and intervention features that 

attempt to make this activity more immersive, and consequently engaging, is the 

purport of one of the apps under investigation. The AIMFIT study design and 

proposed interventions reflect these considerations and the target population. One of 
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the strengths of the study is the objective measurement of the main outcome and of 

physical activity using accelerometers. Despite its shortcomings, this trial will 

provide valuable insight into the effects of using a non-immersive “workout context” 

app or an immersive “gaming context” app to improve fitness and physical activity. 

Moreover, secondary outcomes will be measured to determine the impact of the 

intervention on behavior and psychosocial processes. Physical activity levels and 

psychosocial variables (i.e. self-efficacy, enjoyment and psychological needs 

satisfaction) will be assessed to determine their potential mediating effects. The 

presence of mediating effects will indicate the ability of the apps to change physical 

activity behavior and/or psychological variables, which are underlying mechanisms 

through which the apps might achieve its effects on fitness. 

The AIMFIT trial will also inform on important aspects such as recruitment, 

compliance, utilization of the intervention, retention, adverse events, and potential 

issues specific to the context of the research. These issues will be of interest and can 

provide guidance to those interested in mHealth in general and specifically to those 

conducting similar work. 

5.6. CONCLUSION 

Despite the proliferation of commercially available smartphone apps, there is 

a dearth of empirical evidence to support their effectiveness on the targeted health 

behavior. The AIMFIT pragmatic randomized controlled trial will provide much 

needed data regarding the effectiveness of an off-the-shelf intervention involving 

minimal contact with the participant to promote fitness and physical activity in 

young people. 

5.7. TRIAL STATUS 

Recruitment for the trial was completed in July. Follow-up assessments were 

completed in September 2014 and data analysis is ongoing. 
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CHAPTER 6. APPS FOR IMPROVING FITNESS 
AND INCREASING PHYSICAL ACTIVITY 
AMONG YOUNG PEOPLE: THE AIMFIT 
PRAGMATIC RANDOMIZED CONTROLLED 
TRIAL 

 

6.1. INTRODUCTION TO PUBLICATION 

 

This chapter includes content from a manuscript entitled “Apps for 

IMproving FITness and increasing physical activity among young people: the 

AIMFIT pragmatic randomized controlled trial.”, which was published in J Med 

Internet Res. 2015; 17(8):e210.  

This chapter presents the results of the RCT described in Chapter 5, 

providing much needed evidence for mHealth apps.  

This piece of research was undertaken to address Objective 3, which was to. 

evaluate the effectiveness and acceptability of off-the-shelf technology-based PA 

promotion tools available to the public comparing it with usual care. 
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6.2. ABSTRACT 

Background 

Given the global prevalence of insufficient physical activity (PA), effective 

interventions that attenuate age-related decline in PA levels are needed. Mobile 

phone interventions that positively affect health (mHealth) show promise; however, 

their impact on PA levels and fitness in young people is unclear and little is known 

about what makes a good mHealth app. 

Objective 

The aim was to determine the effects of two commercially available 

smartphone apps (Zombies, Run and Get Running) on cardiorespiratory fitness and 

PA levels in insufficiently active healthy young people. A second aim was to 

identify the features of the app design that may contribute to improved fitness and 

PA levels. 

Methods 

Apps for IMproving FITness (AIMFIT) was a 3-arm, parallel, randomized 

controlled trial conducted in Auckland, New Zealand. Participants were recruited 

through advertisements in electronic mailing lists, local newspapers, flyers posted in 

community locations, and presentations at schools. Eligible young people aged 14-

17 years were allocated at random to 1 of 3 conditions: (1) use of an immersive app 

(Zombies, Run), (2) use of a nonimmersive app (Get Running), or (3) usual behavior 

(control). Both smartphone apps consisted of a fully automated 8-week training 

program designed to improve fitness and ability to run 5 km; however, the 

immersive app featured a game-themed design and narrative. Intention-to-treat 

analysis was performed using data collected face-to-face at baseline and 8 weeks, 

and all regression models were adjusted for baseline outcome value and gender. The 

primary outcome was cardiorespiratory fitness, objectively assessed as time to 

complete the 1-mile run/walk test at 8 weeks. Secondary outcomes were PA levels 

(accelerometry and self-reported), enjoyment, psychological need satisfaction, self-

efficacy, and acceptability and usability of the apps. 
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Results 

A total of 51 participants were randomized to the immersive app intervention 

(n=17), nonimmersive app intervention (n=16), or the control group (n=18). The 

mean age of participants was 15.7 (SD 1.2) years; participants were mostly NZ 

Europeans (61%, 31/51) and 57% (29/51) were female. Overall retention rate was 

96% (49/51). There was no significant intervention effect on the primary outcome 

using either of the apps. Compared to the control, time to complete the fitness test 

was –28.4 seconds shorter (95% CI –66.5 to 9.82, P=.20) for the immersive app 

group and –24.7 seconds (95% CI –63.5 to 14.2, P=.32) for the nonimmersive app 

group. No significant intervention effects were found for secondary outcomes. 

Conclusions 

Although apps have the ability to increase reach at a low cost, our pragmatic 

approach using readily available commercial apps as a stand-alone instrument did 

not have a significant effect on fitness. However, interest in future use of PA apps is 

promising and highlights a potentially important role of these tools in a multifaceted 

approach to increase fitness, promote PA, and consequently reduce the adverse 

health outcomes associated with insufficient activity. 

Trial Registration 

Australian New Zealand Clinical Trials Registry: ACTRN12613001030763; 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=126130010

30763 (Archived by WebCite at http://www.webcitation.org/6aasfJVTJ). 

Keywords 

Fitness; Physical activity; Exercise; Adolescent; Health promotion; mHealth; 

Smartphone; App 
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6.3. INTRODUCTION 

Worldwide, 80.3% (95% CI 80.1-80.5) of adolescents aged 13 to 15 years do 

not achieve current physical activity (PA) recommendations (30). New Zealand 

mirrors these data with 67.7% in the age group of 15 to 19 years not complying with 

these guidelines (224). A recent analysis of 50 studies including more than 25 

million fitness test results of young people aged 9 to 17 years from 28 countries 

reported global declines of cardiorespiratory fitness (CRF) of approximately 5% 

every decade from 1970 to 2000 (290). Insufficient activity is associated with 

increased risk of chronic diseases, such as cardiovascular diseases, type 2 diabetes 

mellitus, some types of cancer, and premature death (31, 217). Likewise, lower 

levels of CRF, an important marker of overall physiologic health (291, 292) 

sensitive to patterns of PA, also predict future morbidity and mortality (293, 294). 

Increasing levels of PA and CRF in young people are important public health 

priorities for enhancing health, well-being, and preventing disease (295). 

Physical activity declines with age throughout adolescence (224, 296, 297) 

and tracks into adulthood (229), making this an important time to intervene. 

Common approaches for intervening in this population have included school-based 

programs because schools integrate almost all young people. A Cochrane systematic 

review of school-based PA interventions targeting areas such as curriculum, teacher 

training, educational materials, and accessibility to exercise equipment (44 

randomized controlled trials [RCTs], N=36,593, age 6-18 years) provided some 

evidence of effectiveness for increasing time spent in moderate-to-vigorous intensity 

PA (MVPA) from 5 to 45 minutes more per day and CRF (VO2peak) from 1.6 to 3.7 

mL/kg/min (298). However, caution interpreting these findings is warranted because 

the included studies were at moderate risk of bias, with the majority having relied on 

self-reported activity (299). Notably, a 2012 meta-analysis (30 RCTs, N=14,326, age 

≤16 years), which differs from previous systematic reviews (233) in that it only 

included studies with accelerometry-measured outcomes (ie, objectively measured), 

showed small treatment effects for both total PA (standardized mean difference 0.12, 

95% CI 0.04-0.20, P<.01) and MVPA (standardized mean difference 0.16, 95% CI 
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0.08-0.24, P<.001) (300). These results translate into approximately 4 minutes more 

walking or running per day, a modest increase with limited clinical significance. 

Many existing interventions, including school-based interventions, are 

limited because they are resource intensive. Young people are considered a hard-to-

reach group and typically have limited adherence or exposure to PA interventions 

(233). Therefore, novel approaches are crucial to engage those who are insufficiently 

active to encourage good health (301). Given young peoples’ ubiquitous use of 

mobile phones and increased digital literacy (302, 303), interventions leveraging this 

technology may provide a promising intervention for this population. 

Young people are early adopters of new consumer technology, such as 

smartphones and apps. Smartphone ownership among young people is on the rise, 

having increased from 23% in 2011 to 37% in 2012 in the United States, with 

similar distribution across ethnicity and family income (249). Moreover, 58% of all 

US young people aged 12 to 17 years reported having downloaded apps compared to 

34% of adults (251). Likewise, digital divides have decreased between 2007 and 

2013 in New Zealand (304), with 75% of high-income families reporting household 

access to a smartphone compared with 52% for those with lower income (305). 

Alongside the increased ownership of smartphones, there has been a proliferation of 

apps in the major platform operators’ app stores, which currently offer more than 

100,000 mHealth apps (306). Consumers looking for help via their smartphone face 

an immense number of mHealth apps (307) and the majority of these (31%) are 

fitness apps (306). This high engagement with mobile technology offers an ideal 

opportunity to leverage the benefits of mobile interventions for health (mHealth), 

including lower participant burden and flexibility (130). 

The effectiveness of mHealth-delivered interventions to promote PA that use 

texting or short message service (SMS) (158, 162), personal digital assistants 

(PDAs) (308), and apps in addition to other components (309) has been examined. 

Unlike SMS text messaging, which has a substantial body of literature supporting its 

use, more complex interventions that capitalize on the computational power of 

smartphones have only recently been developed. Particularly, few studies have used 

an entirely mHealth device-based approach to deliver health behavior change 

interventions (255). Most (149, 310) include other components, such as a website, 
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individual face-to-face or group sessions, phone calls, print materials, or pedometers, 

making it impossible to tease out the specific effects of each component. Thus, at 

present, there is a lack of scientific evidence assessing publicly available apps to 

promote PA. Because these apps are commercially available to the public on app 

stores and because fitness apps are currently the most popular (78% of users in 2014 

compared to 39% in 2013 (311)), it is important to determine whether 

popular/commonly downloaded apps are effective (133). 

Therefore, the primary aim of the Apps for IMproving FITness (AIMFIT) 

trial was to evaluate the effectiveness of 2 popular commercially available 

smartphone apps (252) for improving CRF in young people aged 14 to 17 years 

compared to usual behavior alone (the control). Secondary aims were to determine 

the effect on PA levels, enjoyment, psychological need satisfaction, and self-

efficacy. Perceptions of usability and acceptability of the apps were also assessed.  

6.4. METHODS 

6.4.1 Trial Design 

A 3-arm parallel RCT was conducted in Auckland, New Zealand. Details on 

the rationale, design, and methods have been previously described (312). Ethics 

approval was obtained from the University of Auckland Human Participants Ethics 

Committee (10054/2013) and the study was conducted according to the principles of 

the Declaration of Helsinki. There were no deviations to methods after trial 

commencement. All participants (and guardians for participants younger than 16 

years) provided written informed consent. The trial was registered (Australian New 

Zealand Clinical Trials Registry: ACTRN12613001030763) in accordance with the 

requirements of the International Committee of Medical Journal Editors and reported 

in accordance with the CONSORT statement (313) and the CONSORT-EHEALTH 

extension (259). A brief description of the procedures is provided. 

6.4.2 Participants 

Participants were recruited through advertisements in electronic mailing lists, 

local newspapers, schools, and flyers posted in community locations. Consenting 

schools and churches allowed the researcher to present a brief outline of the study. 
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Those interested provided contact details and their eligibility was assessed via 

telephone. If eligible, participant information and informed consent documentation 

were either mailed or emailed and participants were scheduled to attend a face-to-

face baseline assessment at the university. 

Eligible participants were aged 14 to 17 years, lived in Auckland, owned an 

iPod touch or smartphone running at least Android 2.2 or iOS 6.0, and were able to 

perform physical activities but were not achieving (261) the PA recommendations 

(ie, at least 60 minutes of MVPA each day). Exclusion criteria were a medical 

condition limiting ability to exercise safely, previous use of the apps of interest, and 

inability to comply with the study protocol. Only 1 child per household was eligible 

to take part. 

6.4.3 Randomization 

Participants were enrolled by author AD and were randomly assigned at a 

1:1:1 ratio to 1 of 3 conditions. Stratified block randomization in variable blocks was 

used to maintain balance across gender, an important prognostic factor (224, 225). A 

biostatistician (YJ) prepared the randomization scheme in advance by using a 

computer-generated randomization table. Based on the randomization scheme, a 

research assistant prepared opaque-sealed envelopes containing group referral so 

that the researcher could not identify group assignment. The envelope was opened 

by each participant after completion of baseline assessment. Given the nature of the 

intervention, it was not possible to blind participants. However, allocation 

concealment was maintained up to the point of randomization. 

6.4.4 Interventions 

Commercially available apps targeting fitness were identified during 

previous work evaluating the most popular (ie, top-20 free and top-20 paid) 

downloaded apps in the Health and Fitness Category of the iTunes New Zealand 

store (252). The control group was compared against 2 other groups, each using an 

app to promote fitness available on both of the major platforms’ app stores (iTunes 

and Google Play Store). The 2 intervention groups allowed comparison of an 

identical delivery approach (ie, stand-alone app), but with distinct design features: 

(1) use of an immersive app or (2) use of a nonimmersive app. Both apps consisted 
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of a fully automated 8-week training program designed to improve fitness and ability 

to run 5 km; however, the immersive app featured a game-themed design whereby 

the training program was embedded with a story where the user is trained to collect 

supplies and protect a town from zombies. Effective self-regulatory behavior change 

techniques (100, 116) underlie the apps, which allow the users to self-monitor and 

receive feedback on their training. The apps provided information on running and 

technique, audio instructions on how to perform the training components, and 

tracked and displayed progress throughout the program. Other features of the apps 

include the ability to work out with music on the device’s library and links to 

associated websites to interact with other users. 

Participants randomized to the immersive app group received the Zombies, 

Run! 5K Training app developed by Six to Start with Naomi Alderman for iOS and 

the Android platform. It was released worldwide for iOS on October 2012. Even 

though data on number of downloads is not publicly available, the Google Play Store 

reports 100,000 to 500,000 installs of this app, and the Zombies, Run! community 

has more than 800,000 players worldwide (265). Those randomized to the 

nonimmersive app group received the Get Running–Couch to 5k app, developed by 

Splendid Things and Benjohn Barnes for iOS and the Android platform. It was 

released worldwide for Android on July 2009 and the Google play Store reports 

10,000 to 50,000 installs of this app (264). While the trial was conducted, the apps 

cost NZ $2.45 to $4.19, depending on the app store. Given the commercialized 

nature of the apps, updates occurred during the trial; however, no major changes 

affected their content or the intervention. Videos detailing the features of the apps 

can be accessed via links on the preceding references. 

Following randomization, the respective app was paid for and installed by 

AD on each participant’s mobile device and a short instruction on the features and 

settings of the app was given. Participants were encouraged to use their app 3 times 

per week and work their way through each of the workouts, but because this was a 

pragmatic study (288), access and usage was allowed to vary (ie, participants were 

able to use at their own pace, ad libitum, as it would occur on an “everyday life” 

setting). There were no cointerventions, no supplementary modes of delivery, nor 

usage of prompts (ie, emails, phone calls, SMS text message) to use the app. 
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6.4.5 Control Group 

The control group was asked to continue with their usual physical activities 

for the duration of the study and was not offered any information about increasing 

PA. Both apps were provided (free of charge) to participants after trial completion. 

6.4.6 Procedure 

Assessments were conducted at baseline and 8 weeks at the university by 

AD. Participants were assessed individually. At both time points, participants 

completed a field test of CRF (1 mile run/walk test), had their height and weight 

measured, self-reported their physical activity and related psychological variables, 

were given an Actigraph accelerometer to wear for the following 7 days (to provide 

an objective assessment of their free-living PA), and completed a booklet detailing 

their accelerometer use. AD collected the accelerometers and booklets from the 

participants’ homes (during the randomization visit that took place after the baseline 

assessment and at the last visit after the follow-up assessment). Follow-up 

assessments were not blinded. Participants received a NZ $10 gift card to a local 

shopping center for each visit to complete study measures (ie, maximum NZ $30 for 

3 visits). The vouchers were not conditional on usage of the app; they were offered 

to compensate for participants’ time and encourage completion of study measures. 

6.4.7 Outcomes 

The primary outcome was CRF, assessed with the 1-mile run/walk test. 

Following the procedures outlined in the Fitnessgram test administration manual, 

participants were instructed to run and/or walk at their own pace until completing 

the distance in the shortest possible time (314). The output, in seconds, was used to 

estimate VO2peak using a validated prediction equation (268). 

Secondary outcomes included anthropometrics, self-reported PA and 

associated psychological variables, objectively measured PA, and self-reported 

acceptability and usability of the apps assessed via an exit survey conducted with 

intervention participants. A series of closed and open-ended questions were asked to 

determine features perceived as more and less acceptable as well as which features 

participants found more useful to support their fitness. Body weight (in kg, without 

shoes) was measured with a Salter scale to 1 decimal place. Height was measured to 
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the nearest 0.1 cm with a Seca stadiometer. Two measurements were taken for each 

and the means were used for analysis. Body mass index (BMI) was calculated by 

using the standard equation (weight in kilograms/height in meters squared). BMI-

for-age was calculated using the World Health Organization (WHO) growth 

standards macro (315). 

Using instruments validated in this population, participants self-reported (1) 

physical activity using the Physical Activity Questionnaire for Adolescents (PAQ-A) 

(271, 272), (2) perceived enjoyment using the Physical Activity Enjoyment Scale 

(PACES) (281, 282), (3) perceived competence, autonomy, and relatedness using the 

Psychological Need Satisfaction in Exercise Scale (PNSES) (283), (4) self-efficacy 

using the Physical Activity Self-Efficacy Scale (PASES) (284, 285), and (5) 

frequency of app utilization, acceptability, and usability of the app via an exit survey 

conducted with the participants in the intervention groups. 

Participants were instructed to wear the accelerometer (Actigraph GT1M) on 

their right hip during waking hours for 7 days after each assessment, removing it 

when engaging in activities involving water and/or contact sports. A 10-second 

epoch was used and data were aggregated into minute intervals for subsequent 

processing. To determine valid wear time, periods of more than 60 minutes of 

consecutive zeroes and days with less than 600 minutes of valid records were 

removed before data analysis (276). Participants were included in the analyses if 

they had 3 or more valid monitoring days (277). Mean daily time (min) spent in 

sedentary and light-to-vigorous activities was calculated for each participant using 

the cut points proposed by Evenson et al to categorize intensities (278, 279). 

Adverse events were collected at each study visit or voluntarily reported by 

contacting the researcher. An adverse event was considered serious if it required 

hospitalization. 

6.4.8 Sample Size Calculation 

A total of 51 participants (17 per group) was estimated to provide 80% 

power and α=.05 overall to detect a difference of 17 seconds in CRF, assuming a 15-

second SD in time to complete the 1-mile run/walk test between each of the 

conditions compared to the control (262). 
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6.4.9 Statistical Analyses 

Treatment evaluations were performed on the principle of intent-to-treat, 

including all randomized participants as allocated. Statistical analyses were 

performed with SAS version 9.4 software (SAS Institute, Cary, NC, USA). All 

statistical tests were 2-sided at a 5% significance level, with adjustment for multiple 

comparisons on the primary outcome. Analysis of covariance (ANCOVA) 

regression model was used to evaluate the main treatment effects on the primary 

outcome, adjusting for baseline measure and gender. Model-adjusted means, 95% 

confidence intervals, and P values were estimated for each group. Mean differences 

between groups were tested. A similar approach was used for secondary outcomes. 

Missing data on the primary outcome were imputed with the baseline value. Per-

protocol analyses were conducted on those participants with complete baseline and 

follow-up data and self-reported adherence to the training program (ie, app used 3 

times/week) following the same procedures as in the intention-to-treat analyses. 

6.5. RESULTS 

Recruitment began October 2013 and finished in June 2014. The final 

follow-up visit was in September 2014. Figure 14 presents the participant flow 

diagram. Of 143 individuals screened, 51 eligible participants were randomized to 

the Zombies, Run immersive app intervention (n=17), the Get Running 

nonimmersive app intervention (n=16), or the control group (n=18). Baseline 

demographic characteristics of participants are presented in Table 4. 
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Figure 14. Flow diagram of the Apps for IMproving FITness (AIMFIT) trial.  

Those who were unable to complete the post intervention fitness assessment due to 

injury or sickness still completed self-reported outcomes and were included in all 

analyses. 

  

 

 

 

 

 

 

Assessed for eligibility (n=143) 

Excluded (n=92) 
Not meeting inclusion criteria (n=34) 

Age, too young/old (n=13/34) 
  Too active (n=16/34) 
  No device (n=5/34) 

Declined to participate (n=31) 
Other reasons (n=27) 

Could not contact (n=21/27) 
Logistic/unable to schedule (n=6/27) 

 

Allocated to immersive app 
intervention Zombies, Run (n=17) 

Randomized (N=51) 

Allocated to nonimmersive app 
intervention Get Running (n=16) 

Allocated to control group continue 
usual physical activities (n=18) 

Lost to follow-up (n=1) 
 Could not contact (n=1) 
 

Lost to follow-up (n=0) 
 

Lost to follow-up (n=1) 
 Unable to schedule (n=1) 
 

Analyzed (n=17) 
  Missing data for fitness test (n=1) 
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Analyzed (n=18) 
  Missing data for fitness test (n=1) 
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Table 4. Baseline demographic and clinical characteristics 

Characteristic Zombies, 
Run 
n=17 

Get 
Running 
n=16 

Control 
n=18 

Total 
N=51 

Age (years), mean (SD) 15.78 (1.11) 15.69 
(1.04) 

15.55 
(1.32) 

15.67 (1.15) 

Gender, n (%)     
 Male 8 (47) 6 (38) 8 (44) 22 (43) 
 Female 9 (53) 10 (63) 10 (56) 29 (57) 
Ethnicity, n (%)     
 Maori  3 (18) 0 (0) 0 (0) 3 (6) 
 NZ European  9 (53) 9 (56) 13 (72) 31 (61) 
 Pacific  4 (24) 3 (19) 4 (22) 11 (22) 
 Asian  0 (0) 3 (19) 1 (6) 4 (8) 
 Other  1 (6) 1 (6) 0 (0) 2 (4) 
BMI (kg/m2), mean (SD) 23.17 (3.60) 21.85 

(3.14) 
23.43 
(5.56) 

22.85 (4.25) 

 BMI-for-agea (z-score), mean 
(SD) 

0.77 (0.86) 0.36 (0.93) 0.64 
(1.46) 

0.60 (1.12) 

Device, n (%)     
 iPhone 8 (47) 6 (38) 11 (61) 25 (49) 
 Android 5 (29) 7 (44) 5 (28) 17 (33) 
 iPod Touch 4 (24) 3 (19) 2 (11) 9 (18) 
Estimated VO2peak

b (mL/kg/min), 
mean (SD) 

43.51 (6.11) 43.58 
(5.47) 

44.20 
(6.95) 

43.78 (6.12) 

a WHO growth reference. 
b Prediction equation from 1-mile run/walk test. 
 

Participants had a mean age of 15.7 years (SD 1.2, range 14-17 years) and a 

BMI of 22.9 (SD 4.3) kg/m2. The majority were NZ European (61%, 31/51), 

whereas 22% (11/51) were Pacific Islanders, and 57% (29/51) were female. Follow-

up assessments at 8 weeks were completed for 17 (100%, 17/17) immersive app 

group participants, 15 (94%, 15/16) nonimmersive app group participants, and 17 

(94%, 17/18) control group participants, which represents an overall retention rate of 

96% (49/51) from baseline. 

6.5.1 Primary Outcome 

Table 5 lists the effects of the app interventions on the time to complete the 

1-mile walk/run fitness test and all secondary outcomes at 8 weeks. On average, 

time to complete the fitness test decreased in both app groups, but there were no 

statistically significant differences observed between the intervention groups and the 
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control (immersive app group: adjusted mean difference –28.4 sec, 95% CI –66.5 to 

9.82, P=.20; nonimmersive app group: adjusted mean difference –24.7 sec, 95% CI 

–63.5 to 14.2 sec, P=.32). To facilitate interpretation of test scores, estimated VO2 

peak (268) at 8 weeks was 44.09, 44.59, and 43.44 mL/kg/min for the immersive app, 

nonimmersive app, and control groups, respectively. 

 

Table 5. Treatment effects at 8 weeks 

Outcome Zombies, Run (1), 
mean (SD) 

Get Running (2), 
mean (SD) 

Control (3), mean 
(SD) 

Adjusted differencea (95% CI) 
at 8 weeks 

 Baseline 8 week Baseline 8 week Baseline 8 week 1 vs 3 P 2 vs 3 P 
           
Time to 
complete 1-mile 
walk/run (sec) 

574.06 
(145.68) 

560.06 
(139.27) 

586.56 
(129.74) 

576.75 
(147.91) 

585.89 
(600.17) 

600.17 
(191.38) 

–28.36 
(–
66.54, 
9.82) 

.20 –24.67 
(–
63.51, 
14.18) 

.32 

PAQ-A 2.20 
(0.66) 

2.27 
(0.53) 

2.09 
(0.73) 

2.31 
(0.74) 

2.30 
(0.67) 

2.21 
(0.62) 

0.14 
(–
0.26, 
0.54 

.78 0.23 
(–
0.18, 
0.64) 

.42 

PACES 4.08 
(0.47) 

4.00 
(0.46) 

3.99 
(0.46) 

3.85 
(0.46) 

3.96 
(0.58) 

4.00 
(0.57) 

–0.10 
(–
0.33, 
0.13) 

.62 –0.17 
(–
0.40, 
0.06) 

.19 

PNSES 4.52 
(0.69) 

4.49 
(0.78) 

4.48 
(0.89) 

4.56 
(0.56) 

4.67 
(0.85) 

4.68 
(0.76) 

–0.08 
(–
0.46, 
0.31) 

.95 0.01 
(–
0.38, 
0.40) 

>.99 

 Competence 4.27 
(0.83) 

4.24 
(0.94) 

4.25 
(1.09) 

4.32 
(0.94) 

4.54 
(1.17) 

4.52 
(1.22) 

–0.08 
(–
0.67, 
0.51) 

.98 0.03 
(–
0.57, 
0.63) 

.99 

 Autonomy 4.87 
(0.98) 

4.92 
(0.94) 

4.94 
(0.78) 

5.21 
(0.56) 

4.94 
(0.99) 

4.84 
(0.91) 

0.12 
(–
0.44, 
0.69) 

.93 0.36 
(–
0.22, 
0.94) 

.34 

 Relatedness 4.40 
(0.79) 

4.31 
(0.87) 

4.26 
(1.15) 

4.14 
(0.91) 

4.53 
(1.16) 

4.67 
(1.27) 

–0.26 
(–
0.88, 
0.35) 

.65 –0.34 
(–
0.97, 
0.29) 

.45 

PASES 2.50 
(0.32) 

2.44 
(0.40) 

2.38 
(0.47) 

2.43 
(0.31) 

2.38 
(0.41) 

2.39 
(0.34) 

–0.02 
(–
0.24, 
0.19) 

.99 0.04 
(–
0.18, 
0.26) 

.96 

Average daily 
valid use (min) 

801.16 
(87.85) 

784.43 
(93.69) 

819.39 
(85.45) 

831.08 
(78.74) 

815.59 
(57.14) 

814.12 
(73.61) 

–21.72 
(–
84.00, 
40.56) 

.77 13.71 
(–
49.56, 
76.99) 

.93 

Average daily 
activity counts 
(counts/min) 

354.27 
(123.75) 

341.21 
(146.22) 

269.97 
(82.72) 

270.20 
(84.77) 

364.83 
(153.81) 

327.53 
(140.02) 

17.74 
(–
63.07, 
98.55) 

.93 0.90 
(–
85.41, 
87.22) 

>.99 

Average daily 
time spent in 
sedentary 
activities (min) 

526.63 
(106.37) 

535.22 
(113.90) 

553.64 
(96.80) 

570.63 
(95.58) 

529.43 
(94.64) 

548.18 
(94.11) 

–10.94 
(–
69.83, 
48.00) 

.96 3.95 
(–
56.26, 
64.16) 

.99 

Average daily 
time spent in 
light PA (min) 

237.41 
(73.32) 

216.17 
(67.46) 

244.46 
(61.97) 

237.11 
(58.45) 

250.39 
(64.05) 

235.40 
(63.89) 

–10.54 
(–
53.96, 
32.88) 

.91 4.12 
(–
39.94, 
48.17) 

.99 
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Outcome Zombies, Run (1), 
mean (SD) 

Get Running (2), 
mean (SD) 

Control (3), mean 
(SD) 

Adjusted differencea (95% CI) 
at 8 weeks 

 Baseline 8 week Baseline 8 week Baseline 8 week 1 vs 3 P 2 vs 3 P 
           
Average daily 
time spent in 
moderate PA 
(min) 

30.28 
(14.28) 

25.07 
(12.83) 

17.03 
(7.81) 

18.03 
(10.20) 

25.52 
(13.75) 

22.33 
(11.69) 

1.42 
(–
7.96, 
10.81) 

.98 –1.71 
(–
11.51, 
8.10) 

.96 

Average daily 
time spent in 
vigorous PA 
(min) 

6.84 
(6.03) 

7.97 
(9.16) 

4.26 
(4.21) 

5.30 
(4.34) 

10.26 
(11.72) 

8.22 
(9.22) 

1.26 
(–
3.82, 
6.33) 

.90 0.52 
(–
4.79, 
5.83) 

.99 

Average daily 
time spent in 
MVPA (min) 

37.12 
(16.84) 

33.04 
(20.61) 

21.29 
(11.25) 

23.34 
(14.04) 

35.78 
(22.54) 

30.54 
(17.99) 

1.74 
(–
11.45, 
14.93) 

.98 –1.82 
(–
16.00, 
12.36) 

.99 

a Adjusted for baseline, gender, and multiple comparisons. 

6.5.2 Secondary Outcomes 

No intervention effects were found for self-reported secondary outcomes of 

physical activity (PAQ-A; immersive app group: adjusted mean difference 0.14, 

95% CI –0.26 to 0.54, P=.78; nonimmersive app group: adjusted mean difference 

0.23, 95% CI –0.18 to 0.64, P=.42) or its predictors of perceived enjoyment 

(PACES), perceived competence, autonomy, and relatedness (PNSES), or self-

efficacy (PASES) (see Table 5 for all outcomes). 

For accelerometry, 48 of 51 (94%) participants provided valid data for 

analysis at baseline, whereas compliance with wearing the device slightly decreased 

at postintervention (46/51, 90%). Group assignment did not have a significant effect 

on overall activity (ie, mean counts per minute) or mean daily time spent in MVPA. 

Compared to the control group, mean baseline daily time spent in MVPA-, gender-, 

and multiple comparisons-adjusted time in MVPA difference was 1.74 min (95% CI 

–11.45 to 14.93, P=.98) and –1.82 min (95% CI –16.00 to 12.36, P=.99) for the 

immersive and nonimmersive app groups, respectively. 

A total of 6 adverse events (1 serious) were reported in 6 participants, 4 of 

which were in the control group (ankle injury-2 events, lower back pain, and 

hospitalization because of tonsils removal) and 1 in each of the intervention groups 

(ankle injury-2 events). None of the adverse events were deemed related to the study 

intervention. 

Approximately two-thirds of participants in the intervention groups reported 

using the app either 2 (10/32, 31%) or 3 times per week (10/32, 31%), whereas 8 of 

32 (25%) only used it 1 time per week (see Appendix 4.1). No differences were 
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evident on timing of use (ie, weekday, weekend, morning, afternoon, evening). Apps 

were mostly used outdoors (eg, street, park vs gym, home treadmill) and while alone 

(n=13 alone, n=7 with friend, and n=9 with family). 

For the app Zombies, Run!, the features mostly used by participants were the 

“workout mission tasks” (n=14) and “story and run log” of completed workouts 

(n=10), whereas social networking features (“share my runs”: n=0; “ZombieLink 

account”: n=3) were seldom or never used. Results were similar when participants 

reported the features they liked (“workout mission tasks”: n=14; “story and run log”: 

n=8) and disliked (“share my runs”: n=5; “ZombieLink account”: n=5). 

For the app Get Running, the feature mostly used by participants was the 

description of the “week-runs” (n=13), whereas only 1 participant reported using the 

social networking feature “status updates.” The description of the “week-runs” was 

also the feature participants predominantly liked (n=11), whereas the main feature 

disliked was the “status updates” (n=3). 

Regardless of the app used, similar themes emerged when participants 

reported their willingness and motives to continue using their app after study 

participation. Those willing to continue stated personal benefits (eg, “It will help me 

to build my fitness,” “Because I can improve how far I run”) and app-related 

motives (eg, “A fun way to get fit,” “Because it is an enjoyable alternative to 

exercise”). For those unwilling to continue, “not enough time” was the most 

common barrier, followed by lack of interest (eg, “I didn’t find the app engaging 

enough”). The nonimmersive app received less positive feedback around 

motivational aspects (eg, “Using the app became too tedious”). 

Overall, participants perceived the layout of the apps and menus as well 

structured and “straightforward” to use. Being able to receive clear instructions (eg, 

“Tells me what to do and when”), listen to their own music during the training 

sessions, task difficulty increasing gradually, and encouragement provided were 

features highlighted as useful to support participants’ fitness. Some also considered 

it helpful if the app allowed choosing between different goals and activities (eg, “I 

prefer to run to my own goals”). For the immersive app, the storyline (“The back 

story made it interesting”) and the ability to track progress (ie, app used the device’s 

Global Positioning System [GPS] and/or accelerometer to log distance) (eg, “It 
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records the distance you ran and your time so you are able to view it for next time 

and compare”) were also reported as important features. 

The majority of participants (21/32, 66%) had no prior experience of using 

their smartphone for PA purposes. Examples of prior experience included listening 

to music while engaging in PA or previous use of free apps (eg, MyFitnessPal). 

Overall, 81% (26/32) were interested in trying different PA-promoting apps in the 

future. 

In prespecified per-protocol analyses (ie, the app was used 3 times/week), 

there were statistically significant differences observed on the primary outcome 

between the nonimmersive app group and the control (adjusted mean difference –

79.39 sec, 95% CI –133.01 to –25.77, P=.003). Time to complete the fitness test also 

decreased for the immersive app group compared to the control, with the difference 

not meeting statistical significance (adjusted mean difference –55.29 sec, 95% CI –

111.46 to 0.881, P=.06). No intervention effects were found for self-reported 

secondary outcomes of PA, its predictors, or accelerometry. 

6.6. DISCUSSION 

This is the first randomized trial comparing the effects of a stand-alone 

immersive mobile app and a nonimmersive app on CRF, PA levels, and its 

predictors in young people. Key findings were that fitness improved in both app 

groups, but these did not significantly differ from the control. Despite the 

availability of readily available commercial apps to improve health behavior, these 

findings suggest that, compared to usual care, no major improvements were found 

for these 2 top downloaded apps. 

The small increases in fitness in the present trial (0.6 to 1.0 mL/kg/min) were 

lower than those observed in a Cochrane review of school-based PA interventions, 

which found increases of 1.6 to 3.7 mL/kg/min in VO2peak (298). Similarly, Baquet et 

al (316), who reviewed the effects of training programs in young people’s aerobic 

fitness, showed improvements on average of 5% to 6% in VO2peak, whereas fitness 

only improved 1.3% to 2.3% in this study. The training programs of the apps were 

consistent with the frequency and duration of programs shown to improve VO2peak 

(316) (ie, incorporating 3 sessions per week, each lasting 30 minutes to 1 hour). 
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However, use of the apps during the AIMFIT study was ad libitum and not closely 

monitored, which is how app use would likely occur in real life. Smaller fitness 

improvements in the current study can most likely be attributed to lower adherence 

to app use (only 31.3% reported using 3 times/week) or due to participants not 

having exercised at a sufficient intensity to produce larger fitness effects (316), as 

observed by no changes in accelerometry-measured MVPA. 

Although apps have the potential to increase the reach of health behavior 

change interventions, our results mirror recent research highlighting that only some 

participants will consistently use an offered app (approximately 20%) (317) or 

sustain use over time (approximately 3%) (318). App design, features, and usability 

are important factors that impact users’ engagement with an app. Although in 

AIMFIT both app groups produced comparable fitness effects, the design and 

features of the immersive app received more positive feedback (and no dropout) and, 

therefore, these aspects should be considered for future app development. Although 

typical app use is intermittent (318) and unlikely to induce the more intensive type 

of immersion observed in other videogame play, incorporating gaming elements that 

entangle the virtual world (ie, leisure) with actual experience (ie, exertion) could 

potentially increase user engagement and sustained use. 

An important consideration of app content is whether or not they incorporate 

behavior change techniques (BCTs). Further, modeling, providing consequences for 

behavior, providing information on others’ approval, prompting intention formation, 

self-monitoring, and a behavioral contract were identified as effective BCTs for 

increasing PA in young people in a recent meta-regression (319). A notable 

exception is providing instruction, which was associated with decreased 

effectiveness of PA interventions in young people, but has been shown to be highly 

present in top-ranked PA apps (252), including the ones hereby investigated. 

Providing instructions and not incorporating other effective BCTs or incorrectly 

applying BCTs (ie, not considering the parameters for them to be effective) may 

have undermined app efficacy. 

Consistent with the primary outcome findings, we found no changes in any 

of the measured psychological variables. Fulfillment of the 3 basic psychological 

needs (ie, autonomy, competence, and relatedness)—key elements in the 
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development of intrinsic motivation required to drive behavioral change (243)—did 

not change. This could be explained by the nature of the training programs, which 

were based on provision of instructions and may have been perceived as too 

prescriptive and controlling. Perhaps the alternatives provided by the apps (ie, 

walking, jogging, sprinting, running) lacked choice and encouragement of the 

participants’ initiative and, therefore, did not support their autonomy. In addition, 

skill acquisition and feelings of competence did not change as a function of the 

intervention. This suggests the BCTs in the apps were insufficient to manipulate 

these variables or that app use was not intensive enough to evoke change. Further, 

the apps incorporate features that could capitalize on relatedness and social support, 

such as online communities, but some of these features load outside of the apps (eg, 

ZombieLink), which may have contributed to poor use of such features. 

Interestingly, enjoyment, which is associated with adherence to PA programs, did 

not change. 

6.6.1 Strengths and Limitations 

A major strength of AIMFIT was the use of a RCT design to determine the 

effectiveness of 2 off-the-shelf commercially available interventions. We chose a 

pragmatic approach in which participants used their own device and apps were used 

ad libitum. Contact with participants was minimal, which reflects app use in a real-

world context and therefore increases the generalizability of the findings. Moreover, 

the primary outcome was assessed objectively with a valid and reliable 

measurement, as well as PA via accelerometry, which adds to the study’s internal 

validity. Unlike the commonly observed high attrition in eHealth and mHealth 

interventions, follow-up assessments were completed for 96% of participants, which 

represents a high retention rate. Further, using paid apps instead of free ones has 

likely reduced the chances of contamination and/or cointerventions. Although the 

accessibility of these apps on the app stores could have led participants to download 

them, our study sample was a young population and the apps under investigation 

required purchase. Although inexpensive, purchasing an app on an app store requires 

a credit card, which young people do not typically own. 

The major limitation of this study was its low statistical power and small 

sample size. We based our sample size calculation on a smaller standard deviation of 
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the primary outcome than the actual standard deviation observed, which meant the 

power of the trial was smaller than 80%. We used readily available apps and 

consequently were limited to the decisions made by the app developers on content, 

duration of the program, and design features. This also meant that we were unable to 

access data on app utilization (eg, menus accessed in the app). Further, the relatively 

short duration of the programs precluded investigation of long-term effects or 

sustainability. This study also highlights that the peer-reviewed literature will always 

lag behind consumer technology life cycles because during the lifetime of this study 

innovative apps were developed at a rate that far outpaced our capacity to test them. 

6.6.2 Implications 

Among app users, fitness apps are the most popular (78% users in 2014 

compared to 39% in 2013) (311). However, off-the-shelf common commercial 

mobile apps used as a stand-alone approach to change fitness and promote PA in 

insufficiently active individuals do not appear effective. Future use as part of a 

multifaceted approach to increase fitness and to promote PA may be useful. The 

current one-size-fits-all approach of most common commercial mobile apps is 

limiting for both users and researchers. More tailored approaches, which are 

dynamic and responsive to changes in PA behavior over time, are required to 

improve the ease of use of apps, user engagement, and the apps’ sustained use. 

6.7. CONCLUSIONS 

Readily available commercial apps as a stand-alone intervention to improve 

fitness and increase PA in young people did not increase CRF compared to usual 

care. Given that smartphone technology appears to resonate with young people and 

that this type of self-guided intervention has the potential to increase reach at a low 

cost, this may be best suited as part of a multicomponent intervention, providing 

additional support and encouragement to the participants (eg, maintenance phases). 
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CHAPTER 7. USING THE INTERVENTION 
MAPPING AND BEHAVIOURAL 
INTERVENTION TECHNOLOGY 
FRAMEWORKS: DEVELOPMENT OF A 
MHEALTH PROGRAM FOR PHYSICAL 
ACTIVITY AND SEDENTARY BEHAVIOUR 
CHANGE 

7.1. INTRODUCTION TO CHAPTER 

 

This chapter includes content from a manuscript entitled “Using the Intervention 

Mapping and Behavioural Intervention Technology Frameworks: Development of a 

mHealth program for physical activity and sedentary behaviour change”, which was 

submitted and is under review. 

In view of findings suggesting that readily available apps to improve PA and 

fitness produce no major improvements, Chapter 7 integrated findings from the 

reviews (Chapters 3 and 4) and established theories of behaviour change to design a 

bespoke mHealth intervention. 

This piece of research was undertaken to address Objective 4, which was to 

design and develop a bespoke proof-of-concept of a technology-based intervention 

for modifying PA and SB – the TODAY intervention. 
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7.2. ABSTRACT 

Few interventions to promote physical activity (PA) adapt dynamically to 

changes in individuals’ behaviour. Interventions targeting determinants of behaviour 

are linked with increased effectiveness and should reflect changes in behaviour over 

time. This paper describes the application of two frameworks to assist the 

development of an adaptive evidence-based smartphone-delivered intervention 

aimed at influencing PA and sedentary behaviours (SB). Intervention Mapping was 

used to identify the determinants influencing uptake of PA and optimal behaviour 

change techniques (BCTs). Behavioural Intervention Technology was used to 

translate and operationalise the BCTs and its modes of delivery. The intervention 

was based on the Integrated Behaviour Change Model, focussed on nine 

determinants, consisted of 33 BCTs, and included three main components: 1) 

automated capture of daily PA and SB via an existing smartphone application, 2) 

classification of the individual into an activity profile according to their PA and SB, 

3) behaviour change content delivery in a dynamic fashion via a proof-of concept 

application. This paper illustrates how two complementary frameworks can be used 

to guide the development of a mobile health behaviour change program. This 

approach can guide the development of future mHealth programs. 

Keywords: Intervention design; Intervention mapping; Behavioural intervention 

technology; Physical activity; Sedentary behaviour; Integrated behaviour change 

model; Theoretical framework; Mobile health 
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7.3. INTRODUCTION 

Increasing population levels of physical activity (PA) can be achieved 

through multiple levels of interventions (e.g., policy, community), but ultimately 

requires individual-level behaviour change. One approach that offers scalable 

solutions for the delivery of interventions to aid individual-level behaviour change is 

the smartphone. Ownership of smartphones increased from 35% in 2011 to 64% in 

2014 among adults in the United States (U.S.) (118). Further, U.S. adults spend an 

average of 34 hours per month using mobile applications (apps) and mobile web 

browsers, compared to 27 hours a month online with computers (122).  

Given their inbuilt sensors (e.g., accelerometers, GPS), smartphones provide 

the ability to collect objective and ecologically valid data of individuals’ real world 

behaviour (320). These sensing capabilities can be leveraged to passively capture an 

individual’s movement behaviour. Despite differences in device accuracy, existing 

evidence suggests comparable estimates of PA as measured by Android smartphones 

or research-grade accelerometers in free-living conditions (321). Findings suggested 

phone placement either in the pocket or on the hip did not affect PA estimates, with 

important implications for usability since allowing individuals to wear/place the 

smartphone on locations other than the hip (e.g. under clothing) may increase social 

acceptability and in turn compliance (individuals need to have their phone with them 

during waking hours) (132, 321). Smartphone apps have also been shown to 

accurately measure step counts (322). Moreover, using smartphone apps, 

interventions can be delivered using the same device.  

Information-technology-based interventions to promote PA are now widely 

available and have been shown to increase PA with variable success (109, 323). 

However, they are not widely used, use is discontinued by individuals over time and 

their positive effects last for limited periods. Typically, the number of logins to IT-

delivered interventions rapidly declines after enrolment for most participants (324) 

and throughout the intervention (174). Most current IT-based interventions rely on 

automated delivery of pre-defined/scheduled a priori content, which is static and 

does not adapt dynamically as the individual changes behaviour. Often, interventions 

tailor to initial differences between individuals and primarily capture data via 

infrequent surveys or assessments (e.g. face-to-face). Yet, behaviour varies not only 
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between individuals but also within an individual over time (202). Requiring 

engagement from the participant to either self-report PA or wear an additional 

device like an accelerometer increases the burden on the individual (132, 139). 

While survey data shows that fitness and nutrition apps are the most common 

health apps used, among smartphone health apps users, approximately half stop 

using such apps and indicate high data entry burden and loss of interest as the main 

reasons for doing so (325). For instance, engagement with the MyFitnessPal app (a 

highly rated and downloaded app on app stores (326)) during a weight loss trial with 

primary care patients decreased over time, despite participants reporting satisfaction 

with the app (79%). Reasons for discontinuing use included it was tedious (84%) to 

enter data (324) and was not perceived as easy to use (24%).  

Notably, it has been shown that dynamically tailored interventions have 

superior efficacy over time compared with those that base their tailoring on single or 

infrequent assessments (e.g. baseline) (115, 168). Moreover, current smartphones 

allow an opportunity to capture intensive longitudinal data (i.e. continuous, not 

episodic) in an unobtrusive fashion (i.e. reducing respondent burden). The ability to 

accurately collect information on exposure and to detect dynamic behaviour change 

indicates ideal opportunity to develop ‘just-in-time’ intervention, delivering content 

based on people’s behaviour, as well as capturing their response to the intervention 

(327, 328).  

While the literature on designing and describing the process of developing 

PA promotion interventions is extensive, few resources exist that integrate both 

conceptual (i.e. theory, evidence) and technological frameworks to describe the 

process of developing an mHealth program for promoting PA behaviour (329, 330). 

This paper describes the steps undertaken to develop a dynamic, adaptive, mHealth 

program using Intervention Mapping (IM) and the Behavioural Intervention 

Technology (BIT) frameworks, with the aim of influencing both PA and SB of 

healthy adult individuals that are insufficiently active and own a smartphone. 
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7.4. METHODS  

Interventions to change behaviour are complex since they involve multiple 

components. These include the behaviour change techniques (BCTs) (i.e. a 

replicable component of an intervention) and the procedures for delivery (i.e. who 

delivers, when, duration, and mode). In the published literature, interventions are 

typically insufficiently described. A behaviour change intervention should specify 

details of both its active content (i.e. BCTs, “the what”) and its mode of delivery (i.e. 

“the how”). In the present study, we first used the intervention mapping framework 

to develop a theory- and evidence-based program by identifying the behavioural 

determinants and/or facilitators and choosing BCTs thought to influence these 

determinants (95). Secondly, the behavioural intervention technology framework 

was used to specify the procedures for delivery (e.g. message, graph) (330). 

7.4.1 Conceptual Framework for Intervention Development: Intervention 

Mapping – “the what and conceptual how” 

While there is no consensus (331), it is acknowledged that behaviour change 

interventions should be grounded in theory, as they are more likely to be effective 

when aiming to influence determinants and/or facilitators of behaviour (94, 116, 

332). The intervention mapping framework provides a systematic approach to use 

theory in the selection of components and design of interventions. 

When choosing an appropriate theory, we considered traditional social-

cognitive models (76), however, these may not be fit-for-purpose for the 

development of a more adaptive and interactive mHealth intervention (202). 

Moreover, limitations of PA behaviour theories and the so-called intention-

behaviour gap identified in many PA intervention studies (87) have led to the 

development of models that integrate multiple theories and predictors of behaviour 

change in an attempt to explain the psychological processes that influence PA 

behaviour. The Integrated Behaviour Change Model (IBCM) (88) extends beyond 

deliberative/explicit intentional (i.e. theory of planned behavior (75)) and 

motivational (i.e. self-determination theory (89)) processes by taking into account 

volitional processes (i.e. action planning (90)) and the non-conscious/implicit 

processes of behaviour (i.e. impulses (91)). The IBC model was chosen to guide the 

selection of theoretical constructs to influence PA. 
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Taxonomies have been developed specifying the content of behaviour 

change interventions in terms of BCTs (98, 99), and have been used in meta-

regressions, linking BCTs to intervention effectiveness (100, 101). The hierarchical 

classification is now available and incorporates 93 BCTs (97). The taxonomy is a 

comprehensive hierarchically-structured set of BCTs that is useful to design 

interventions and specify intervention content in detail. Using the Intervention 

Mapping framework, we attempted to link/map theoretical constructs (e.g. social 

norms, intention, competence) from the IBC model to specific BCTs in order to 

define intervention content. 

Previous research has highlighted the importance of selecting appropriate 

BCTs according to the characteristics of the target population and their goals, and 

not to assume that BCTs are uniformly effective across conditions (208, 333). We 

reviewed the meta-analytic literature of BCTs and their effects on behaviour change 

and determinants of behaviour (100, 101, 116, 207, 333). Caution is warranted as 

interventions typically include combinations of BCTs (i.e. individual BCTs have not 

been widely tested, some BCTs are more common to cluster than others). 

Nevertheless, the outlined BCTs have been identified from previous work. 

The IM framework comprises six fundamental steps that guide the design, 

implementation, and evaluation of an intervention (95). For the purpose of this 

study, we focused exclusively on the steps that guide the design of the intervention – 

steps one to three. The first step – needs assessment of the population – included a 

literature review to identify the determinants of behaviour and behaviour change. 

The second step – specification of the goal and change objectives – defined the 

behavioural outcomes and how determinants are affected. The third step – theory-

based methods and practical strategies – linked the objectives to the determinants of 

behaviour and identified the intervention methods and practical applications (95). 

7.4.2 Technological Framework for the mHealth Intervention: Behavioural 

Intervention Technology – “the technical how” 

BITs – behavioural intervention technologies – employ tools such as 

smartphones to support individuals in behaviour change. This framework aims to aid 

the translation of the intervention components into technological features by 

bringing together expertise from behavioural science and developers (330). BITs 
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include both clinical and usage aims; clinical aims – the “why” – reflect the desired 

changes in the determinants of behaviour and the behaviour itself, while usage aims 

refer to engaging the user with the BIT during the intervention period. Intervention 

aims are realised by BCTs – the “conceptual how” – such as self-monitoring, goal 

setting, or review of goals. Each BCT is operationalised via specific intervention 

components or BIT elements – the “what” – such as user interfaces, reminders, or 

push notifications. A workflow (i.e. a set of rules) determines when and under which 

conditions each element (intervention component) is delivered to individuals over 

time – the “when” (330).  

Importantly, usage aims relate to clinical aims, as the usability of the 

technology will influence the individual’s motivation to engage with the 

intervention. Therefore, the operationalisation of BCTs into BIT elements the 

individual interacts with should take into account characteristics – the “technical 

how – that increase the likelihood of relevance to the individual, such as media 

employed (e.g. text, video), aesthetics, and personalisation (330).  

The technological implementation of the framework – BIT-Tech – includes 

four components: 1) profiler, which defines the individual and transmits data to the 

intervention planner; 2) intervention planner, which chooses the relevant 

intervention elements and respective characteristics; 3) intervention repository, 

which may be a database where all the intervention elements are stored; and 4) user 

interface, which delivers the intervention elements. The content/elements delivered 

during the intervention is specified in the workflow and depends on the data 

captured (330). 

7.5. RESULTS 

Using the IM and BIT frameworks we describe the development process of 

the mHealth activity profile intervention in a systematic way. 

7.5.1 Intervention Mapping step 1 – Needs assessment 

A needs assessment was fulfilled via a literature review, which demonstrated 

that both low levels of PA and high SB increase individuals’ risk of cardiovascular 

disease (334). Specifically, different activity profiles were associated with differing 
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degrees of cardiovascular disease risk, with the highest risk observed among those 

with low levels of PA and high SB.  These findings illustrated the need for 

interventions that target both daily PA and SB together. 

Current guidelines prescribe fixed PA goals that may be beyond an 

individual’s existing behavior and capacity (i.e. they may not attempt it or fail and 

get frustrated, leading to nonresponding). Individuals with low levels of PA and high 

SB typically meet displeasure on initial attempts to be more active and are unlikely 

to sustain efforts for benefits to occur (335).  Moreover, current PA guidelines do 

not incorporate light intensity PA (LPA) (e.g. standing/breaking up sitting time) 

(336) because limited evidence is available on its benefits (337-339). However, 

individuals may be more receptive to replace SB with standing or LPA (338), which 

are activities typically more easily incorporated into daily life, such as walking (340) 

and cycling (341). 

Input for the IM process took into account individual and interpersonal 

determinants and showed that PA behaviour is predicted by high levels of self-

efficacy, intention, beliefs, motivation (i.e. self-realisation via autonomy, 

competence, and relatedness), planning, social support and cultural norms (67). The 

literature also highlighted BCTs than can be used to influence these determinants. 

Table 6 lists examples of the literature on determinants and successful/effective 

strategies/BCTs. 

Table 6. Intervention Mapping step 1 – needs assessment based on literature 

review: examples. 

Topic Summary of findings Ref. 

Psychosocial determinants of PA 
initiation and maintenance 

Initiation: intention, goal setting, action planning, SE, 
self-monitoring 

Maintenance: physical and psychological outcome 
realisations 

(342) 

Self-regulation (non clinical 
population) 

Planning and other self-regulation techniques affected 
increases in PA over SE and outcome expectations 

(343) 

Self-efficacy (sedentary 
population) 

Barrier SE mediated PA throughout intervention; 
relationship between task SE and PA became weaker 
during the intervention 

(344) 
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Message/intervention content 
delivery frequency 

Too many messages and repetition may lead to 
tedium, increased boredom, and become burdensome. 
One/day, delivered in the morning 

(214, 
345, 
346) 

Behaviour Change Techniques Summary of findings Ref. 

BCTs in interventions promoting 
walking and cycling 

Most interventions with statistically significant 
changes in walking and cycling included BCTs self-
monitoring and intention formation 

(347) 

BCTs linked to PA and SE (non 
clinical population) 

BCTs associated with increased SE and PA: action 
planning, provide instruction, reinforcing effort 
towards behaviour. 

BCTs associated with increased PA: provide 
information on consequences of behaviour, action 
planning, reinforcing effort or progress towards 
behaviour, provide instruction, facilitate social 
comparison, time management. 

BCTs associated with increased SE: action planning, 
reinforcing effort/progress towards behaviour, provide 
instructions. 

BCTs associated with decreased SE and PA: relapse 
prevention and setting graded tasks. 

BCTs associated with decreased PA: set graded tasks, 
use of follow-up prompts, relapse prevention. 

BCTs associated with decreased SE: set graded tasks, 
prompt self-monitoring, prompt practice, plan social 
support, relapse prevention. 

(207) 

BCTs linked to PA and SE (obese 
population) 

BCTs associated with increased SE and PA: prompt 
self-monitoring and plan social support 

BCTs associated with largest increases in PA: 
prompts/cues, prompt practice, prompt rewards 
contingent on progress 

BCTs associated with increased SE: action planning, 
time management, prompt self-monitoring and plan 
social support. 

BCTs associated with decreased SE: set graded tasks 
and prompting generalization of a target behaviour 

(333) 

Promoting PA using BCT 
salience of consequences to stress 
the harms of inactivity 

Emphasising the PA benefits has not worked well to 
increase PA for a lot of individuals. With smoking, the 
public health did not emphasise the benefits of non-
smoking, but stressed the harms of smoking. Perhaps 
emphasising the harms of inactivity and not merely 
the benefits of exercise helps. 

(348) 
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7.5.2 Intervention Mapping step 2 - Specification of goals and change objectives 

The program goals were derived from the needs assessment. The overall goal 

of the intervention is to decrease health risks by promoting a healthier activity 

profile (reducing SB and/or increasing PA). The intervention aims to 1) promote 

breaks in SB among those who are active but are also sedentary, and 2) to promote 

both increases in PA and decreases in SB among those who are insufficiently active 

and also sedentary. 

The integrated behaviour change model, which combines constructs from the 

theory of planned behaviour and self-determination theory, was used to specify the 

performance objectives. Five performance objectives – the behavioural outcomes 

intended to occur on the target population – were specified. A change objective is a 

definition of what is needed to change on the determinant of behaviour to achieve 

the performance objective. To specify the change objectives, the behaviour 

determinants of a healthier activity profile that are amenable to change were 

identified based on the literature (step 1). The performance objectives and the 

hypothesised changeable determinants were linked in the matrix of change 

objectives (Table 7) in order to specify the change objectives. 
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Table 7. Matrix linking the performance objectives to the determinants of behaviour and behaviour change. Examples of specification of 

the change objectives. 

Performance 
objectives 

Determinants 

TPB Attitude 
(beliefs) 

TPB Subjective 
norm 

TPB perceived 
behavioural 
control (SE) 

TPB 
Intentions 

Planning SDT 
Autonomy 

SDT 
Competence 

SDT 
Relatedness 

Knowledge / 
Awareness 

Individuals are 
willing to be 
active and 

reduce their SB 

Individuals 
have positive 
feelings about a 
healthier 
activity profile 

Individuals’’ 
significant others 
are described as 
supporters of a 
healthier activity 
profile 

Individuals are 
confident they 
can increase PA 
and break sitting 
time 

  Individuals 
express why 
becoming 
more 
physically 
active is 
important for 
them 
personally 

Individuals 
identify 
activities that 
are personally 
enjoyable which 
they trust they 
can perform 

 

 Individuals can 
list their own 
benefits of having 
a healthier 
activity profile; 
Individuals 
become aware of 
benefits of a 
healthier activity 
profile 

Individuals 
monitor their 
PA and SB 

levels 

Individuals feel 
positively about 
self-monitoring 

Individuals ask 
for support; 
Individuals feel 
confident to 
handle negative 
social influence 

Individuals 
express 
confidence in 
ability to self-
monitor 

     Individuals know 
the PA guidelines; 
Individuals know 
how own PA/SB 
relates to 
guidelines 

Individuals 
make specific 
plans to have a 

Individuals feel 
positively about 

Individuals 
express 
confidence in 

Individuals 
express 
confidence in 

   Individuals are 
able to make 
plans that suit 

 Individuals know 
planning is crucial 
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more active 
activity profile 

making plans planning 
independently of 
social 
circumstances 

ability to 
implement 
changes; 
Individuals 
describe when, 
where, and how 
to increase PA/ 
break sitting 

well to their 
personal 
preferences  

 

Individuals 
identify 

solutions for 
their barriers to 

increase 
PA/reduce SB 

Individuals 
recognise that 
challenges 
occur and have 
positive 
feelings 
towards 
overcoming 
those 

Individuals share 
and discuss their 
challenges 
towards a more 
active activity 
profile 

Individuals feel 
confident about 
overcoming 
barriers 

   Individuals are 
able to find 
solutions to 
overcome 
barriers that suit 
well to their 
personal 
preferences  

 

 Individuals 
become aware of 
the reasons 
preventing them 
to have a more 
active activity 
profile; 
Individuals learn 
about solutions to 
overcome 
barriers;  

TPB = theory of planned behaviour; SE = self-efficacy; SDT = self-determination theory; PA = physical activity; SB = sedentary behaviour 
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7.5.3 Intervention Mapping step 3 – Theory informed methods and practical 

applications 

Theoretical methods/BCTs that either likely or previously were shown to be 

effective at influencing the determinants of behaviour were chosen (332, 349). For 

example, the theoretical method/BCT “instruction on how to perform the behaviour” 

can be applied to influence the determinants of behaviour self-efficacy and 

knowledge.  

Next, theoretical methods/BCTs and practical applications were selected 

from reviews of the literature and other e- and health PA interventions (97, 98, 100, 

162, 168, 172, 174, 332, 350). The BCTs were linked to their behaviour 

determinants and respective practical applications. For example, practical 

applications of ‘instruction on how to perform the behaviour’ could include 

information on how to incorporate activity into one’s daily routine provided via 

printed materials, via a ‘how to section’ feature in an app that the user needs to go 

to, or via a message that pops-up on the user’s smartphone and is not dependent of 

user initiation. Further examples are provided in Table 8. 

The translation of BCTs into practical applications requires that the 

theoretical conditions are met or else effectiveness will be undermined (95). For 

example, the BCT ‘demonstration of the behaviour’ is posited to increase self-

efficacy; however this is unlikely to be effective if the individual does not identify 

with the role model. 
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Table 8. Determinants, theoretical methods, and examples of operationalisation or practical applications to promote a healthier activity 

profile. 

Determinants Theoretical methods / BCTs Operationalisation / Practical applications 

TPB – Attitude 
(beliefs) 

Information about health consequences; Salience of consequences; 
Information about social and environmental consequences; Monitoring of 
emotional consequences; Credible source; Pros and cons; 
Framing/reframing 

Present the likelihood of CVD when individual is insufficiently active; 
Emphasise the consequences of inactivity; Promote the salient advantages 
of PA, diminish disadvantages; Promote decisional balance; advise to list 
and compare the arguments about pros and cons of a healthier activity 
profile 

TPB – Subjective 
norm 

 

Social support; Provide information about others’ approval; Prompt 
identification of self as role model; Credible source 

Highlight the importance of significant others’ beliefs; provide information 
about local groups that offer support for PA behaviour (e.g. walking 
groups); ask to take a friend with them when being active 

TPB – Perceived 
behavioural 
control (SE) 

Persuasion about capability; Focus on past success; Self-talk; Goal setting; 
Problem solving; Action planning; Review behaviour goals; Feedback on 
behaviour; Self-monitoring of behaviour; Social support; Instruction on 
how to perform the behaviour;  Demonstration of the behaviour; 
Prompts/cues; Habit formation; Habit reversal; Generalisation of a target 
behaviour; Graded tasks; Social reward; Self-reward; Restructuring the 
physical environment; Avoidance/ reducing exposure to cues for the 
behaviour; Mental rehearsal of successful performance 

Advise that a healthier activity profile can be harder at start but is 
achievable; promotion of facilitating factors and diminish barriers; provide 
personal feedback; provide positive feedback on approximation to goals; 
list/show previous occasions individual successfully increased PA; daily 
updated goals based on percentile scheduling (168, 351); prompt do 
identify barriers and present possible solutions; prompt planning the 
context, frequency, duration of the PA/break prolonged sitting; encourage 
monitoring of own behaviour  
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TPB - Intentions Information about health consequences; Salience of consequences; 
Information about social and environmental consequences; Goal setting; 
Action planning; Social support; Instruction on how to perform the 
behaviour; Graded Tasks; Credible source;  

Provide positive feedback on intention; ask the individual to ↑PA ↓SB 
according to the percentile schedule (168, 351); prompt planning the 
performance of PA/breaking up SB (context, frequency, duration); Advise 
the individual how to ↑PA ↓SB; present communication given by a high 
status professional to emphasise the importance of being active 

Planning Goal setting; Action planning; Problem solving; Review behaviour goals; 
Discrepancy between current behaviour and goal; Feedback on behaviour; 
Self-monitoring of behaviour; Social support; Instruction on how to 
perform a behaviour; Prompts/cues; Behaviour substitution; Habit 
formation; Habit reversal; 

Prompt formation of “if-then” plan; prompt planning the performance of 
the behaviour: “when I’m in situation x, then I will do y…”; point out the 
difference between goal and actual behaviour in a tracking progress graph; 
ask to check whether goals were reached 

SDT - Autonomy Goal setting; Problem solving; Self-monitoring; Action planning; 
Feedback on behaviour; Information about health consequences; 
Information about social and environmental consequences; Information 
about emotional consequences; Demonstration of the behaviour; 
Prompts/cues; Behaviour substitution; Generalisation of a target 
behaviour; Social reward;  

Explain why ↑PA ↓SB is important/beneficial; Provide instruction using an 
autonomy-supportive language; provide a varied list of ways to ↑PA ↓SB, 
in different contexts, to maintain interest; framing of messages adopting a 
questioning approach (rather than “should”, “must”); provide choice; 
congratulate efforts 

SDT - 
Competence 

Goal setting; Problem solving; Self-monitoring; Action planning; Review 
behaviour goals; Feedback on behaviour; Instruction on how to perform a 
behaviour; Demonstration of the behaviour; Behaviour substitution; 
Graded tasks; Monitoring of emotional consequences; Social reward; 

Tailor goals to individual’s current ability; acknowledge sustained efforts 
and self-improvement; graph personal progress; promote mastery/task-
related progress towards personal (proximal) goals rather than guidelines 
(distal); provide positive feedback 

SDT - 
Relatedness 

Social support (practical, emotional); Identification of self as a role model;  Prompt to work cooperatively in ↑PA ↓SB with a significant other/co-
worker; encourage to offer encouragement and feedback to each other; 
encourage use of their social support network (e.g. walking group)  
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Knowledge / 
Awareness 

Instruction on how to perform the behaviour; Information about health 
consequences; Salience of consequences; Information about social and 
environmental consequences; Demonstration of the behaviour; 
Prompts/cues; Behaviour substitution; Habit formation; Habit reversal; 
Self-monitoring; Discrepancy between current behaviour and goal; 
Credible source; Pros and cons; Avoidance/reducing exposure to cues for 
the behaviour 

Provide information about PA and SB recommendation; provide 
information about ↑PA ↓SB benefits; provide personal feedback about PA 
and SB levels; encourage monitoring of own behaviour; provide 
information about ↑PA ↓SB possibilities 

TPB = theory of planned behaviour; SE = self-efficacy; SDT = self-determination theory; BCTs = behaviour change techniques; CVD = 
cardiovascular disease; PA = physical activity; SB = sedentary behaviour 
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The intervention content aimed to encourage increases in PA duration by 

promoting daily life activities, such as transport to/from work, household chores/ 

running errands, and PA at work (e.g. walking to a co-worker’s desk instead of 

calling/emailing). Leisure-time PA, such as walking, cycling, or sports, was also 

promoted. To address the intention-behaviour gap, post-motivational BCTs like 

action planning and problem solving were included to promote the required 

behaviour changes towards a healthier activity profile. 

7.5.4 Behavioural Intervention Technology – translating the conceptual how 

onto the technical how  

Intervention components and materials were developed in line with the BIT 

framework, with two main intervention goals. Clinical aims were to increase PA 

and/or to reduce SB, while usage aims were to encourage participants to carry their 

smartphone and engage and sustain engagement with the BIT over time. BCTs were 

utilised to achieve the desired behaviours. Each BCT was operationalised using 

different elements (i.e. messages, push notifications, graphs). The sensing and 

computational power of smartphones to capture real world behaviour data, process, 

and react to it, was harnessed to display content based on algorithms embedded in 

the platform (i.e. workflow). Table 9 presents examples of translation and 

operationalisation of the BCTs into BIT elements. 

Table 9. Examples of translation and operationalisation of BCTs targeting 

behaviour determinants into BIT elements. 

Determinant BCT 
Operationalisatio

n 
Element Workflow 

Attitude 
(beliefs); 
Subjective 
norm; 
Intentions; 
Knowledge/a
wareness 

Credible 
source 

Present visual 
communications 
given by a high 
status 
professional to 
emphasise the 
importance of 
being active 

Message with links to videos (e.g. 
The importance of being active - 
Look for opportunities: 
https://www.youtube.com/watch?v
=whPuRLil4c0&index=13&list=P
LpQXI97WJt3VQdL8NCetKIqVT
6qz3EmJi 
The importance of being active - 
Why is it important: 
https://www.youtube.com/watch?v
=aUaInS6HIGo 

IF Day = 2, 30 
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Determinant BCT 
Operationalisatio

n 
Element Workflow 

Perceived 
behavioural 
control (SE);  
Intentions; 
Planning; 
Autonomy; 
Competence 

Goal 
setting; 
Graded 
tasks 

Ask the 
individual to ↑PA 
↓SB according to 
the percentile 
schedule 

Home menu/dashboard presents 
goals for each behaviour based on 
a moving window of the last 7 
days of data. PA goals based on the 
60th percentile of the last 7 days; 
SB goals based on the 40th 
percentile. (Figure 1A) 

Daily 

Planning; 
Knowledge/A
wareness 

Discrepanc
y between 
current 
behaviour 
and goal 

Point out that the 
recorded PA fell 
short and/or SB 
exceeded the 
goals proposed 

Message OR Push notification: 
“Check how you’ve done on the 
last days [Link to MENU 
“Tracking Progress”]. Looks like 
your activity fell short of your 
goals. Make them stick by 
checking them regularly or writing 
them down. (Figure 1B) 

IF PA < PA 
goal and SB > 
SB goal on 5 
consecutive 
days 

Perceived 
behavioural 
control; SE; 
Autonomy; 
Competence; 
Knowledge/A
wareness 

Feedback 
on 
behaviour 

Inform the 
individual of how 
much time they 
spent in PA and 
SB each day 

Menu “Yesterday’s achievements” 
displays degree of 
achievement/non-achievement and 
smiley face displays feedback 
accordingly (5 smiley faces, 25% 
increments of distance from PA 
and SB goal) (Figure 1C) 

Daily based 
on previous 
day 
achievements 

Attitude 
(beliefs); 
Intentions; 
Knowledge/A
wareness 

Salience of 
consequen
ces 

Emphasise the 
consequences of 
inactivity 

Infographics about the health 
detrimental effects of prolonged 
sitting and/or inactivity (Figure 1) 

IF SB > SB 
goal on 6 
consecutive 
days 

Subjective 
norm; 
Planning; 
Relatedness 

Social 
support 

Give information 
about "Auckland 
Walkers" or a 
"Meet-Up",  self-
help groups that 
offer support for 
the PA 
behaviour; Ask 
the individual to 
take a friend with 
them when being 
active 

Message examples: 1) “Here’s a 
link to some Walking Meetups 
[http://walkers.meetup.com/cities/n
z/auckland]. You’ll find plenty 
options to choose from to help you 
getting out and about.”; 2) “Share 
with your 
friends/relatives/colleagues what 
you are doing. They may have 
ideas to increase activity or ways 
to breaking up sitting that you 
haven’t thought of.” 

IF Day = 3, 
16. IF Activity 
profile = 
Coach Potato, 
display 
walking 
group; if 
Activity 
profile = 
Techno-
Active display 
running group 

Perceived 
behavioural 
control; SE; 
Autonomy; 
Competence; 
Knowledge/A
wareness 

Self-
monitoring 
of 
behaviour; 
Persuasion 
about 
capability 

Ask the 
individual to 
check daily 
whether they 
have reached 
their goals for 
PA/SB 

Push notification or message 
(Figure 1D) 

Daily 
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Figure 15. Screenshots of the TODAY app: A - Menu “Today’s goals”; B – 

Menu “Track your progress”; C - Menu “Yesterday’s achievements”; D - Push 

notification. 

The intervention content was adaptive, tailoring the intervention to each 

individual based on continuous measurement of PA/SB. A research version of the 

“Movn Activity Sit Pedometer” smartphone app (352), named AOL, was used to 

track movement behaviours. Firstly, data captured by the AOL app was used to 

classify individuals into one of three activity profiles (i.e. couch potato, potterer, or 

techno-active (334)). Secondly, the proof-of-concept app (TODAY – TailOred Daily 

ActivitY) accessed movement data generated by the AOL movement tracking app 

through an application programming interface (API) to deliver intervention content 

matched to each activity profile (see Figure 16).  
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Figure 16. 

Diagram of the 

data generated 

and flow of 

information from 

data capture (1) to 

display (6) on the 

user-facing 

application. 

App: Application; 
PA: Physical 
Activity; SB: 
Sedentary 
Behaviour; Uid: 
User identification; 
AP: Activity 
Profile; G: Goals; 
Msg: Messages 
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The user-facing web application for content delivery was developed using 

Adobe PhoneGap Framework (353) and PHP scripting language. The application 

read information from tables stored in a MySQL database hosted on a secure server: 

1) individual information (i.e. profiler), such as MVPA and SB to calculate the 

activity profile and daily goals of the individual, intervention start date; 2) 

rules/scheduled tasks (i.e. intervention planner), which chooses the relevant 

intervention elements based on the conditions met; and 3) a library of intervention 

content/elements (i.e. intervention repository), such as messages, images and links to 

be displayed.  

On a daily basis, the TODAY app read the activity profile, calculated the day 

of the intervention for each individual, and selected the appropriate content/elements 

to be displayed on the user interface if the app was opened. A push notification was 

sent daily at 10am aiming to promote user engagement with the app (i.e. usage 

aims). 

7.6. DISCUSSION 

The intervention mapping and behavioural intervention technology 

frameworks were used in combination to systematically develop a theory based 

mHealth activity profile intervention. Designing interventions using a systematic 

approach increases the likelihood of effectiveness and additionally contributes to the 

growing evidence on how the ingredients of interventions and their practical 

applications impact effectiveness. This article illustrated the steps involved in the 

development of mHealth interventions combining conceptual and technological 

frameworks and contributes to future enhancements in the development of mHealth-

based behaviour change programs. 

Reporting the rationale and providing a comprehensive description of the 

intervention in a systematic way is likely to contribute to strengthen the design of 

mHealth interventions. By using the intervention mapping framework we provide a 

detailed intervention rationale, which will contribute to the interpretation of findings 

and may facilitate future replication, adaptation, and improvement. The BIT 

framework supported the communication between developers and 
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health/behavioural scientists and aided the translation of BCTs into elements, 

characteristics, and workflow.  

Although content delivered was individually tailored to the activity profile of 

the individual over time (as assessed by the smartphone, not self-reported), the 

degree to which content was tailored can be further detailed and take into account 

multiple factors. For example, tailoring to individual characteristics such as age, sex, 

health literacy or theoretical constructs, such as self-efficacy or intention, is likely to 

result in higher personal relevance and contribute to effectiveness (350, 354). For the 

purpose of this study and given time constraints we selected determinants based on 

the literature; however, a needs assessment step fostering a user-centred approach by 

conducting interviews and/or focus groups with the target population is desirable. 

Interventionists may want to promote a participatory research approach whereby the 

identification of barriers, facilitators and desires are taken into account in the 

development process to ensure engagement and usability (355). 

To date, research on the underlying mechanisms of the effectiveness of 

health interventions is scarce and process data has mostly been obtained via self-

report. By using the BIT framework to specify decisions on the intervention 

elements, characteristics, and workflow, will contribute to a growing body of data on 

how such decisions relate to effectiveness (330). 

7.7. CONCLUSION 

The Intervention Mapping and Behaviour Intervention Technology 

frameworks were used in a complementary manner to aid the intervention 

development of a theory-evidence-based mHealth program. The IM contributed to 

the identification of the determinants and optimal theoretical methods to promote 

behaviour change, while the BIT contributed to the translation of the theoretical 

methods into practical applications and respective technical operationalisation 
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CHAPTER 8. TAILORED DAILY ACTIVITY 
(TODAY): RESULTS OF A PROOF-OF-
CONCEPT ADAPTIVE SMARTPHONE 
DELIVERED INTERVENTION FOR PHYSICAL 
ACTIVITY AND SEDENTARY BEHAVIOUR 
CHANGE 

8.1. INTRODUCTION TO CHAPTER 

 

This chapter includes content from a manuscript entitled “TailOred Daily 

ActivitY (TODAY): Results of a proof-of-concept adaptive smartphone delivered 

intervention for physical activity and sedentary behaviour change”, which was 

submitted and is under review. 

This chapter presents findings from the eight-week single-group pilot study 

to evaluate the proof-of-concept TODAY app.  

This piece of research was undertaken to address Objective 5, which was to 

evaluate the effectiveness and acceptability of the TODAY intervention for PA and 

SB change. 
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8.2. ABSTRACT 

Purpose 

To investigate the feasibility and acceptability of an adaptive proof-of-

concept smartphone-delivered intervention (TODAY) using real world movement 

data capture of physical activity (PA) and sedentary behaviour (SB) to inform 

behaviour change content delivery. 

Methods 

A single group 8-week prospective study with pre- and post-intervention 

assessments was conducted in Auckland, New Zealand. Healthy participants aged 

17-69 years who owned an Android smartphone were recruited through electronic 

advertisements. Participants downloaded the TODAY smartphone application, 

which they used for 8-weeks. Usage and acceptability were assessed via self-report 

questions. Random-effects mixed models were used on daily repeated measurement 

of PA and SB outcomes. Intention-to-treat analysis was performed using Paired-

samples t-tests and Wilcoxon signed-rank tests (where warranted).  

Results 

A total of 69 participants used the application. Participants were 

predominantly female (78%, n=54/69) with a mean age of 34.5 years (SD 11.8, 

range 18-61). The TODAY application was opened each day by an average of 13.6 

participants. Feedback on behaviour (72.9%), behaviour substitution (71.2%), 

instruction on how to perform the behaviour (61%), discrepancy between current 

behaviour and goal (57.6%) and goal setting (54.2%) were behaviour change 

techniques perceived as more useful by participants. On average, participants 

increased time spent on light, moderate-to-vigorous intensity (MVPA) and total PA 

post-intervention, but only light PA (LPA) was significantly different compared to 

baseline (total PA adjusted mean difference 9.47 min, 95% CI –1.05 to 19.98, P=.07; 

MVPA adjusted mean difference 7.72 min, 95% CI –1.82 to 17.26, P=.11; LPA 

adjusted mean difference 2.17 min, 95% CI 0.78 to 3.56, P=.002). Time spent on SB 
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decreased post-intervention, but was not significantly different from baseline 

(adjusted mean difference –9.47 min, 95% CI –19.98 to 1.05, P=.08). 

Conclusions 

A proof-of-concept application demonstrated that it is feasible and 

acceptable to capture and modify individuals’ PA/SB behaviours using smartphone 

technology. 

 

Keywords: Physical activity; Sedentary behaviour; Mobile health; 

Intervention mapping; Behavioural intervention technology; Integrated behaviour 

change model  
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8.3. INTRODUCTION 

 

Sedentary behaviour (SB) and physical activity (PA) have both independent 

and interdependent effects on health (50). Modifying the proportion of daily time 

spent being physically active and sedentary is important for achieving an activity 

profile best associated with positive health outcomes (334). Many interventions 

aimed at promoting PA levels are resource intensive, are limited by face-to-face 

contact, or require substantial human interaction (106, 189). There is a need for 

novel approaches that  engage those who are insufficiently active and sedentary to 

encourage good health (301), but with greater reach and interaction with end users. 

Mobile phones and wireless technologies offer promise for addressing these 

limitations and can reduce participant burden via automated systems that can assess 

behavioural data and provide tailored interventions; however such approaches are 

lacking (356).  

In the United States, smartphones are now more common (65%) than game 

consoles and digital cable TV, at 46% and 54% adoption, respectively (122). A 

United Kingdom market research survey among 2000 smartphone users found 

individuals look at their smartphone about 221 times per day (357), which highlights 

an opportunity to deliver relevant health behaviour change content. In the United 

States, time spent engaging with smartphone applications (apps) has increased from 

about 23 hours per month in 2012 to 37 hours in 2014 (125). The current availability 

of smartphones, together with their inbuilt sensors, allow capture of real time and 

real world data over time (i.e. not episodic) (132, 320, 358). The ability to passively 

collect information on people’s activity levels (PA and SB) and to detect dynamic 

behaviour change may contribute to the ability to deliver ‘just-in-time’ interventions 

(327, 328). Such dynamically adapted interventions offer individualised tailored 

approaches, which could facilitate behaviour change and positive health outcomes. 

The tailoring potential offered by interactive technologies such as the 

smartphone has yet to be realised. The primary aim of the TailOred Daily ActivitY 

(TODAY) study was to test the acceptability and feasibility of a proof-of-concept 

adaptive smartphone-delivered intervention for PA and SB in free living adults. 

TODAY combined detection of PA and SB using inbuilt smartphone sensors, and 
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delivery of tailored (i.e. according to an individual’s activity profile) content and 

evidence-based behaviour change techniques to support PA and break up sedentary 

time. Secondary aims were to pilot tests the effects of the TODAY app on PA and 

SB outcomes. 

8.4. METHODS  

8.4.1 Design 

A single group, prospective study with pre- and post-intervention 

assessments was conducted. Full details of the rationale, intervention design and 

development have been previously described (359). Ethical approval to conduct the 

study was granted by the University of Auckland Human Participants Ethics 

Committee (UAHPEC 015679) in September 2015. All procedures were in 

accordance with the ethical standards of the institutional research committee and 

with the 1964 Declaration of Helsinki. All participants provided electronic written 

informed consent. The study is reported in accordance with the TREND statement 

(360). 

8.4.2 Participants 

Participants were recruited using a combination of Internet and community 

strategies and word of mouth. Advertisements were placed in electronic mailing 

lists, one Facebook promoted post, and hard copy flyers posted in community 

locations. Interested participants were directed to the study website (361), where 

they were able to read the procedures, ask questions, and complete the initial 

screening. All recruitment methods were indirect. 

Eligible participants were aged 17 to 69 years, lived in New Zealand, owned 

an Android smartphone running at least Android 4.0.3 with a data plan, and were 

willing to monitor their movement behaviours for nine weeks. Both insufficiently 

active individuals not meeting the PA recommendations and individuals meeting the 

recommendations but that intended to decrease SB were targeted. Exclusion criteria 

were contraindications to exercise safely as assessed by the Physical Activity 

Readiness Questionnaire (PAR-Q) (362) (e.g. uncontrolled hypertension, recent 
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myocardial infarction), inability to provide informed consent, or an elite/top 

performance athlete status. 

8.4.3 Procedure 

Study advertisements directed volunteers to the study website (361) to 

answer pre-screening eligibility questions and where enrolment occurred. The 

website informed participants of their eligibility and/or if a medical clearance to 

participate was required. If deemed eligible, participants completed online informed 

consent. Once consent was obtained, participants self-reported basic demographic 

information and provided contact details via the study website. Only then was a 

unique participant identifier  automatically generated and a link to download the first 

app was provided (352). A research version of the “Movn Activity Sit Pedometer” 

smartphone app (352), named AOL, was used to collect movement behaviour data 

(i.e. tracked the time the user spends in physical activities such as walking and 

running). Participants were asked to have this application installed on their 

smartphones for the duration of the study. Next, participants completed questions on 

psychological determinants of PA, including self-efficacy, intention and motivations 

to be physically active using REDCap electronic data capture tools (363). 

After week one, participants received an email notification with a link to 

download the TODAY app on their smartphone. Eight weeks after starting the 

TODAY app, participants were invited via email to complete a post-intervention 

survey, which included the baseline assessment items and additional questions on 

the use and acceptability of the app. Those who failed to submit surveys were 

emailed up to three reminders over a two-week period (363).  

Both study apps were freely available in the NZ Google Play store. Checks 

for unique IP and email address were implemented on the study registration website 

to prevent duplicates. Data validation checks for email, age, height and weight were 

also implemented. Duplications (e.g. address) were manually investigated and 

contacted to inform of study discontinuation. All participant data, including 

smartphone sensor data, was anonymised, protected with unique user IDs and 

passwords, and stored on a secure database in a server. Participants were mailed a 

NZD $20 gift voucher after submitting each survey (i.e. baseline + post-intervention 

= $40). Vouchers were offered to compensate for participants’ help with the study, 
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encourage completion of study measures, and were not conditional on usage of the 

app. 

8.4.4 Intervention 

The Integrated Behaviour Change Model (IBCM) (88) was used to guide the 

selection of constructs/determinants of PA that the intervention aimed to influence. 

The IBCM combines deliberative constructs from the Theory of Planned Behaviour 

(75), motivational processes from Self-determination Theory (89), volitional 

processes such as action planning (90) and non-conscious processes (i.e. 

impulses(91)). The intervention focussed on nine determinants, consisted of 33 

behaviour change techniques (BCTs), and included three main components. First, 

real time daily PA and SB were automatically captured via the AOL app. Second, 

daily PA and SB data were used to classify each individual into one of three activity 

profiles according to the proportion of time they spent in moderate-to-vigorous 

physical activity (MVPA) and SB (334). Table 10 presents the characteristics of 

each of the activity profiles.  Third, behaviour change content was delivered via the 

app and matched the respective activity profiles. Content changed daily in response 

to behaviour and profile changes. 

Table 10. Characteristics of each of the activity profiles 

Activity 
profile SB MVPA 

Current behaviour Desired behaviour change 
SB MVPA SB MVPA 

Couch 
potato High Low more than 

60% of time 
less than 2% 

of time Decrease Increase 

Potterer Low Low less than 
60% of time 

less than 2% 
of time 

Maintain/ 
Decrease Increase 

Techno-
Active High High more than 

60% time 
more than 
2% of time Decrease Maintain/ 

Increase 
SB: Sedentary Behaviour; MVPA: Moderate-to-vigorous physical activity 
 

The overall goal of the intervention was to decrease health risk by promoting 

a healthier activity profile (reducing SB and/or increasing PA). Specifically, we 

aimed to: 1) promote both increases in MVPA and decreases in SB among those 

who were insufficiently active and also sedentary (Couch Potatoes); 2) promote 

increases in MVPA among those with low SB and low MVPA (Potterers); 3) 

promote breaks in SB among those who were active but also sedentary (Techno 
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Actives). The TODAY app consisted of a fully automated 8-week smartphone-

delivered intervention. Content delivered encouraged daily life activities, such as 

transport to/from work, running errands, and PA at work. Light-intensity activities 

(LPA) were suggested to substitute SB (364) (e.g. walking to a co-worker’s desk 

instead of calling/emailing, stand up while on the phone). Leisure-time MVPA, such 

as walking, cycling, or sports, was also promoted. 

On a daily basis, the user-facing app displayed: (1) daily updated and 

individualised PA and SB goals (e.g. BCT goal setting); (2) visual and numerical 

feedback on the previous day’s PA and SB (e.g. BCTs feedback on behaviour, 

discrepancy between current behaviour and goal); (3) visual and numerical feedback 

on historical data of PA and SB; (4) variable content/elements, such as 

tips/suggestions, infographics, videos and links to in-app content or external publicly 

available Internet content (e.g. BCTs problem solving, action planning, self-

monitoring, practical and emotional social support, prompts/cues, instruction on how 

to perform the behaviour, monitoring of emotional consequences, salience of 

consequences, credible source; (5) fixed content/elements, such as a frequently 

asked questions section and a tips section (e.g. BCTs information about health 

consequences, information about social and environmental consequences, 

demonstration of the behaviour, restructuring the physical environment) A push 

notification was sent daily at 10am to promote user engagement with the app. 

Participants were encouraged to use the TODAY app ad libitum and no 

supplementary modes of delivery or usage prompts were employed. 

8.4.5 Outcomes 

The main outcomes were to assess the acceptability and feasibility of the 

TODAY app. Acceptability (e.g. “The TODAY app gave me positively phrased 

alerts”) was assessed using 10 items developed from previous qualitative research 

identifying desired app features (214, 365). Perceived usefulness of BCTs (e.g. “It 

was important for me that the TODAY app prompted me to plan how/where/when to 

be active”) was assessed using 23 items based on previous research evaluating 

adults’ ratings of BCTs among apps aiming to promote PA (366). Answers were 

provided on a 5-point Likert-type style rating scale from (1) disagree a lot to (5) 

agree a lot. Usage of the TODAY app was assessed objectively by tracking the 
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number of days a participant opened the app. Feasibility was assessed using attrition 

and adherence data as well as technical issues. 

Secondary outcomes included the effects on PA and SB outcomes. This 

included changes in objectively measured daily time (min) spent in total PA, MVPA 

and LPA assessed via  the AOL app, which provides comparable estimates of PA to 

a research-grade accelerometer (352) (unpublished work from our group). Feasibility 

and technical aspects precluded measurement of SB objectively via the app. 

Therefore, following current activity and sleep guidelines, SB was calculated 

subtracting a constant of 8h of sleep time and total PA time from the 24 hour activity 

cycle (367). Participants were asked to carry their smartphone during waking hours 

as they went on their normal daily life activities. Consistent with PA accelerometry-

based research, records of days where no AOL data were captured were removed 

prior to analysis (i.e. consecutive zeroes suggesting the participant did not carry 

phone, app was “killed”, data errors) (274, 368). 

Self-reported outcomes were individual and interpersonal determinants of 

PA. Closed and open-ended questions were asked to assess perceived acceptability, 

usability and satisfaction with the TODAY app. Demographics (i.e. age, gender, 

ethnicity, height, weight) were self-reported. Body mass index (BMI) was calculated 

using the standard equation (weight in kilograms/height in meters squared). 

Ethnicity was grouped into two categories: NZ European and other. 

Self-report instruments previously used and validated in this population were 

employed. An active activity profile was defined at the start of the survey as “a 

measure of both our active (e.g. walking) and inactive behaviours (e.g. sitting)”.  

Determinants of PA from the Theory of Planned Behaviour were assessed on a 7-

point Likert-style rating scale from (1) strongly disagree to (7) strongly agree; higher 

scores indicated a higher level of the construct (75, 369). Mean scores were 

computed for each construct. Attitude was assessed using 6 items (e.g. useful, 

enjoyable) preceded by the anchoring statement “For me, a more active activity 

profile in the coming weeks would be…”. Subjective norm was assessed using 4 

items (e.g. “Most people who are important to me would encourage me to engage in 

a more active activity profile…”). Perceived behavioural control was assessed using 

3 items (e.g. “I am confident I could engage in a more active activity profile in the 
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coming weeks if I wanted to”). Intention was assessed using 3 items (e.g. “I am 

determined to engage in a more active activity profile in the coming weeks”). 

Planning was also assessed using 4 items asking the degree to which participants had 

made a detailed plan of when, where, how and how often they would have a more 

active activity profile (370). Determinants from Self-determination Theory were 

assessed on a 6-point Likert-type rating scale from (1) false to (6) true; higher scores 

indicated a higher level of the construct. Perceived competence (e.g. “I feel that I am 

able to complete exercises that are personally challenging”), autonomy (e.g. “I feel 

free to exercise in my own way”) and relatedness (e.g. “I feel a sense of camaraderie 

with my exercise companions”) were assessed using the 18-item Psychological Need 

Satisfaction in Exercise Scale (PNSES) (283). Self-efficacy (e.g. “I am sure I can 

have an active activity profile even if my day is very busy”) was assessed using 7 

items modified based on similar but behaviour specific self-efficacy measures which 

have been previously used (371, 372). 

8.4.6 Data Analyses 

Simple descriptive statistics were used to describe usage and the percentage 

of answers to each category of the items regarding usability and acceptability of the 

TODAY app. Coding of the survey acceptability items was done using MaxQDA 

software, version 11.1.4b (373). Treatment evaluations were performed on the 

principle of intention-to-treat, including all participants that started the TODAY app. 

Statistical analyses of the smartphone-generated data were undertaken using SAS 

version 9.4 software (SAS Institute, Cary, NC, USA). All statistical tests were 2-

sided at a 5% significance level. To account for the repeated measurement on each 

participant, random-effects mixed models were used to evaluate the change effects 

on the PA/SB outcomes before and after the intervention, adjusting for age, gender, 

ethnicity and BMI. Model-adjusted means, 95% confidence intervals, and P values 

were estimated for each outcome. Similar modelling procedures were used to 

evaluate the change effects on the PA/SB outcomes over 9 weeks (i.e. before = week 

0, after = weeks 1-8), with Tukey-Kramer adjustment for multiple comparisons 

between weeks. Statistical analyses of the self-reported data were undertaken using 

IBM SPSS Statistics version 22 software. To evaluate the distribution properties, 

differences between scores were computed. Paired-samples t-tests and Wilcoxon 
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signed-rank tests where warranted (i.e. for non-parametric data) were used to 

evaluate the intervention effects on the PA/SB determinants. To explore the effect of 

missing data on self-reported outcomes, analysis of multiple imputed datasets (5) 

was undertaken to assess the robustness of the results (374). 

8.5. RESULTS 

8.5.1 Feasibility data 

Recruitment began November 5th 2015 and closed November 23rd 2015. The 

final follow-up assessment was on 28 February 2016. Figure 17 presents the 

participant flow diagram. The promoted post on the University of Auckland 

Facebook page reached 16.726 users, resulting in 387 clicks to the TODAY study 

website, at an average cost per click of NZD $0.26. In total, 147 eligible volunteers 

were registered during recruitment, of which 69 successfully started the TODAY 

intervention (47% of those registered). Baseline demographic characteristics of 

participants are presented in Table 11. 
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Figure 17. Participant flow diagram 

Participants were predominantly female (78%, n=54/69) with a mean age of 

34.5 years (SD 11.8, range 18-61) and a BMI of 25.6 kg/m2 (SD 4.95). Most were 

NZ European (55%, n=38/69) and Indian (n=16%, n=11/69); after grouping 

ethnicity into two categories NZ European (53.6%, n=37/69) and other (46.4%, 

n=32/69). 
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Table 11. Baseline demographic and clinical characteristics of the sample 

Characteristic Participants who 
completed the 
baseline 
questionnaire (N 
= 84) 

Participants who 
completed the 
baseline 
questionnaire and 
used the TODAY 
app (N = 69) 

Participants who 
completed baseline, 
used the TODAY 
app, and answered 
post-intervention 
questionnaire (N = 
62) 

Age (years), mean (SD) 35.42 (12.95) 34.51 (11.84) 34.26 (12.06) 
Gender, n (%)    
 Female 64 (76.2) 54 (78.3) 49 (79.0) 
 Male 20 (23.8) 15 (21.7) 13 (21.0) 
Ethnicity, n (%)    
 Maori 3 (3.6) 3 (4.3) 3 (4.8) 
 NZ European 51 (60.7) 38 (55.1) 34 (54.8) 
 Pacific 1 (1.2) 1 (1.4) 1 (1.6) 
 Indian 12 (14.3) 11 (15.9) 11 (17.7) 
 Asian 6 (7.1) 6 (8.7) 3 (4.8) 
 Other 11 (13.1) 10 (14.5) 10 (16.1) 
Height (cm) 167.58 (9.55) 167.02 (9.56) 166.66 (9.41) 
Weight (Kg) 71.61 (13.84) 71.59 (14.57) 71.98 (14.44) 
BMI (kg/m2), mean (SD) 25.50 (4.69) 25.64 (4.95) 25.91 (5.03) 
 

8.5.1.1. Attrition 

Completers were defined as participants who started the TODAY app and 

who completed the 8-week post-intervention assessment. Among the 69 participants 

that successfully started the TODAY app, 62 (90%) completed the post-intervention 

assessment. However, attrition occurred during the initial study procedures before 

starting the TODAY app (i.e. week 1). Among users who started the first app and 

that were invited to answer the baseline survey (n = 101), only 84 (83%) did so. 

Reasons for attrition are unknown (i.e. no response) but anecdotally a minority (n = 

4) referred the first app drained their phone’s battery. Among users who were invited 

to start the second app after answering the baseline survey (n = 84), only 69 (82%) 

did so. 

8.5.1.2. Adherence / Engagement 

During the 56-days intervention period, the TODAY app was opened each 

day by an average of 13.6 participants (SD=10.5, median=9, min=4, max=69 on the 

first day of the intervention). Figure 18 shows the decline in participant usage of the 
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app throughout the intervention period. Participants opened the app on average 11.4 

days throughout the intervention (SD=10.1, median=8, min=1, max=54). 

 

Figure 18. Decline in participant usage of the app throughout the intervention 

period 

8.5.2 Acceptability and Satisfaction Data  

54.3% of participants agreed the TODAY app was low effort and pleasant to 

use (18.7% disagreed). 52.6% agreed it provided guidance on how to change the 

activity profile (18.7% disagreed) and that it gave positively framed messages 

(64.4% agreed, 5.1% disagreed). 28.8% of participants agreed the app sustained 

interest over the eight weeks, but a large proportion (42.3%) disagreed. Comparable 

proportions agreed (37.3%) and disagreed (35.5%) that it provided accurate and 

reliable tracking functions. 30.5% reported the app negatively impacted /restricted 

other uses of their device, such as draining the battery. Figures 19 and 20 present the 

percentage of answers for each category (i.e. disagree a lot to agree a lot). 
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Figure 19. Perceived acceptability of the TODAY app 
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Figure 20. Perceived acceptability of the TODAY app 
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BCTs employed in the app such as goal setting (54.2%), discrepancy between current behaviour and goal (57.6%), feedback on 

behaviour (72.9%), instruction on how to perform the behaviour (61%) and behaviour substitution (71.2%) were rated more favourably for 

perceived usefulness. Other BCTs, such as social support (e.g. give information about local groups that offer support to be active), information 

about social and environmental consequences (e.g. present the decrease of CO2 emissions if biking/walking/taking public transport to commute), 

credible source (e.g. show videos of doctors emphasising the importance of being active) were rated frequently (i.e. > 20%) as not applicable, 

indicating participants were less likely exposed to, or used these BCTs. Figures 21, 22, 23 and 24 present the percentage of answers for each 

category (i.e. disagree a lot to agree a lot).  

 

Figure 21. Perceived usefulness of BCTs in the TODAY app 
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Figure 22. Perceived usefulness of BCTs in the TODAY app 
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Figure 23. Perceived usefulness of BCTs in the TODAY app 
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Figure 24. Perceived usefulness of BCTs in the TODAY app 
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When participants where asked what they liked about the TODAY app, they 

most frequently commented on tracking (e.g. “I liked the tracker for stationary time 

and moving time”), reminders/prompts (e.g. “Despite being an active person, having 

a visual reminder of the daily PA/SB goals helped in my exercise plans as well”), 

usefulness (“it was constantly running”, “easy to use”), and feedback aspects (“I 

liked the positive spin it had in encouraging whatever little time was given to 

activity”).  

The most frequently disliked feature was inaccuracy, likely attributable to the 

movement-tracking app (AOL) (e.g. “Would not always capture data.”,  “When on 

a long car ride this was marked up as activity whereas a two hour walk was 

recorded as only 80 minutes”, “I often had to add in the extra (activity) that it 

missed”). Participants also disliked elements of design (e.g. “I think the design of 

the app leaves much to be desired”), unrealistic goals (e.g. “The goals seemed 

ridiculously high (>170 mins), and I found it discouraged me as a result. I may not 

have used the app as much due to this.”) and considered it annoying (e.g. “I didn’t 

use much of it before it got annoying and I uninstalled it”). Moreover, participants 

identified the inconvenience of having to carry the phone (e.g. “my phone is large 

and I don’t always have pockets”, “A lot of the time I just didn’t want to or could 

not carry my phone around with me to capture my activity…”). 

Suggested improvements included enhanced measurement accuracy, 

improving the design (e.g. “Maybe an app that could combine both the AOL and the 

TODAY app might make for a better app altogether”), and changing the message 

framing (e.g. “Get rid of the health warnings, they are foreboding and annoying, 

positive encouragement will work better than scare tactics”, “). Additional 

comments included the need to better tailor content (e.g. “It addresses behaviour 

change but for people in minority groups there are wider factors such as income and 

family commitments that need to be considered”, “perhaps a quick survey of the 

person’s habits so that only the relevant tips will show up”) and usability (e.g. “I 

didn't really know about lots of the features so it would be good for there to be 

prompts about these things sometimes so that you know there are other things that 

you can use in the app”). 
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8.5.3 Objectively measured outcomes 

Table 12 presents unadjusted and adjusted model parameter estimates for 

PA/SB outcomes, accounting for repeated measurements on a daily basis. On 

average, participants increased time spent on total PA (TPA), MVPA and LPA post-

intervention, however, only LPA differed significantly from baseline (TPA adjusted 

mean difference 9.47 min, 95% CI –1.05 to 19.98, P=.07; MVPA adjusted mean 

difference 7.72 min, 95% CI –1.82 to 17.26, P=.11; LPA adjusted mean difference 

2.17 min, 95% CI 0.78 to 3.56, P=.002). 

 

Table 12. Parameter estimates for objectively measured PA/SB outcomes - 
Mixed-effects repeated-measures unadjusted and adjusted models (baseline vs 
post-intervention) 

Outcome Parameter Estimate SE t Value Sig. 95% CI 
TPA        
 Unadjusted Intercept 88.77 5.13 17.32 <.0001  
  Time After 96.86 2.59 37.44 <.0001 91.78, 101.94 
  Time Before 88.77 5.13 17.32 <.0001 78.71, 98.83 
  Difference 8.08 5.47 1.48 .139 –2.65, 18.82 
 Adjusted Intercept 115.08 14.12 8.15 <.0001  
  Age 0.05 0.21 0.23 0.82  
  BMI –1.53 0.48 –3.19 0.00  
  Sex Male 33.85 5.86 5.78 <.0001  
  Ethnicity 6.93 5.23 1.33 0.19  
  Time After 97.11 2.50 38.89 <.0001 92.21, 102.02 
  Time Before 87.65 5.00 17.51 <.0001 77.83, 97.47 
  Difference 9.47 5.36 1.77 0.07 –1.05, 19.98 
MVPA        
 Unadjusted Intercept 77.09 4.65 16.56 <.0001  
  Time After 83.60 2.34 35.67 <.0001 79.00, 88.20 
  Time Before 77.09 4.65 16.56 <.0001 67.96, 86.23 
  Difference 6.51 4.97 1.31 0.19 –3.24, 16.26 
 Adjusted Intercept 99.34 12.78 7.77 <.0001  
  Age 0.12 0.19 0.61 0.54  
  BMI –1.41 0.43 –3.27 0.00  
  Sex Male 31.06 5.30 5.86 <.0001  
  Ethnicity 5.80 4.73 1.23 0.22  
  Time After 83.81 2.26 37.07 <.0001 79.37, 88.25 
  Time Before 76.10 4.54 16.75 <.0001 67.18, 85.01 
  Difference 7.72 4.86 1.59 0.11 –1.82, 17.26 
LPA        
 Unadjusted Intercept 11.50 0.66 17.45 <.0001  
  Time After 13.49 0.31 43.91 <.0001 12.89, 14.10 
  Time Before 11.50 0.66 17.45 <.0001 10.21, 12.80 
  Difference 1.99 0.71 2.79 0.00 0.59, 3.39 
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Outcome Parameter Estimate SE t Value Sig. 95% CI 
 Adjusted Intercept 15.68 1.71 9.18 <.0001  
  Age –0.07 0.03 –2.70 0.00  
  BMI –0.12 0.06 –2.07 0.04  
  Sex Male 2.83 0.70 4.02 <.0001  
  Ethnicit 1.06 0.63 1.69 0.09  
  Time After 13.53 0.30 44.81 <.0001 12.94, 14.12 
  Time Before 11.36 0.65 17.43 <.0001 10.08, 12.64 
  Difference 2.17 0.71 3.07 0.00 0.78, 3.56 
SB        
 Unadjusted Intercept 871.23 5.13 169.94 <.0001  
  Time After 863.14 2.59 333.61 <.0001 858.06, 868.22 
  Time Before 871.23 5.13 169.94 <.0001 861.17, 881.29 
  Difference –8.08 5.47 –1.48 0.1398 –18.82, 2.65 
 Adjusted Intercept 844.92 14.12 59.83 <.0001  
  Age –0.05 0.21 –0.23 0.82  
  BMI 1.53 0.48 3.19 0.0015  
  Sex Male –33.85 5.86 –5.78 <.0001  
  Ethnicity –6.93 5.23 –1.33 0.19  
  Time After 862.89 2.50 345.52 <.0001 857.98, 867.79 
  Time Before 872.35 5.01 174.27 <.0001 862.53, 882.17 
  Difference –9.47 5.36 –1.77 0.08 –19.98, 1.05 

 

Participants decreased average time spent on SB post-intervention, but there 

were no statistically significant differences from baseline (adjusted mean difference 

–9.47 min, 95% CI –19.98 to 1.05, P=.08). Figure 25 shows the change effects on 

the PA/SB outcomes over 9 weeks (i.e. baseline = week 0, intervention = weeks 1-

8). No statistically significant differences between weeks were found for any of the 

outcomes except for increased LPA on week 7 when compared to week 0 and week 

1 (data not presented). 
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Figure 25. Change effects on PA/SB outcomes over 9 weeks 

8.5.4 Self-reported outcomes 

Table 13 lists the effects of the TODAY intervention on the self-reported PA 

determinants. With the exception of instrumental attitude (paired mean difference –

0.45, CI –0.75 to –0.14, P=.01), affective attitude (paired mean difference –0.33, CI 

–0.61 to –0.06, P=.02), and intention scores (paired mean difference –0.50, CI –0.81 

to –0.19, P=.00), which all significantly decreased post-intervention, no intervention 

effects were found for self-reported PA determinants (i.e. subjective norm, perceived 

behavioural control, planning, perceived competence, autonomy, and relatedness, 

self-efficacy). Sensitivity analysis using five multiple imputed datasets for 

participants with missing data (n=8) revealed results remained unchanged and 

therefore results reported are from analyses restricted to complete cases (374). 

Variables included in the imputation procedure were baseline values of PA 

determinants, age, gender, ethnicity and BMI. 
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Table 13. Paired samples of baseline and post-intervention self-reported PA 

determinants 

Outcome 

TODAY app users, 

Mean (SD) 
Paired difference 
(95% CI) at post-
intervention (2-1) 

t df P 
Baseline 

(1) 

(n = 69) 

Post-intervention 
(2) 

(n = 61) 

Theory of Planned 
Behaviour 

      

 Attitude 
(instrumental) 

6.14 
(0.81) 

5.69 (1.13) –0.45 (–0.75, –0.14) –
2.94 

60 .005 

 Attitude (affective) 5.49 
(1.07) 

5.15 (1.25) –0.33 (–0.61, –0.06) –
2.44 

60 .018 

 Subjective Norm 5.32 
(1.10) 

5.16 (0.93) –0.16 (–0.39, 0.07) –
1.37 

60 .175 

 Perceived 
Behavioural 
Control 

5.67 
(1.02) 

5.40 (1.22) –0.27 (–0.59, 0.05) –
1.70 

60 .094 

 Intention 5.89 
(0.80) 

5.39 (1.10) –0.50 (–0.81, –0.19) –
3.21 

60 .002 

Planning Scale 4.64 
(1.44) 

4.96 (1.46) 0.33 (–0.07, 0.73) 1.65 60 .104 

Self-determination 
Theory 

      

 Competence 4.20 
(0.99) 

4.27 (0.99) 0.07 (–0.12, 0.26) 0.75 60 .457 

 Autonomy 4.81 
(0.97) 

4.98 (0.77) 0.17 (–0.07, 0.42) 1.42 60 .162 

 Relatedness 3.94 
(1.27) 

3.96 (1.28) 0.02 (–0.26, 0.30) 0.14 60 .890 

 Composite 4.32 
(0.89) 

4.40 (0.81) 0.09 (–0.08, 0.25) 1.04 60 .301 

Self-efficacy 5.35 
(0.86) 

5.34 (0.93) –0.01 (–0.29, 0.26) –
0.11 

60 .916 
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8.6. DISCUSSION 

This study aimed to test the feasibility and acceptability of a proof-of-

concept adaptive smartphone-delivered intervention (TODAY) for modifying 

people’s PA and SB. Overall, we demonstrated proof-of-concept, and showed that it 

is feasible to use smartphone sensors to capture movement data and in turn inform 

the delivery of an adaptive automated behaviour change intervention. For the most 

part, the intervention was considered acceptable to users, but technical features such 

as accuracy of the app for assessing MVPA and SB were less acceptable. 

Preliminary data suggest appropriate directional effects on PA and SB outcomes, 

indicating that a stand-alone, simple, low resource and easily-scalable approach that 

operationalised BCTs such as goal setting, self-monitoring, and feedback via a user-

facing smartphone app may impact positively on individuals’ PA/SB behaviours.  

Strengths of this study include the pragmatic design, which allowed to 

investigate the app’s effectiveness for the general public (due to the wide selection 

criteria) and testing of a low-cost, resourceful, and easily scalable intervention in a 

real-world setting. The continuous passive measurement of PA without additional 

devices reduced participant burden and highlighted the feasibility of this approach in 

a real world behavioural application. 

The main limitations of this research relate to the study design. Rather than a 

randomised controlled trial (RCT) design, we chose a single-group prospective study 

to assess proof-of-concept and acceptability, thus the effects should be interpreted 

with caution. An RCT pilot study is now warranted to test the intervention compared 

to a control condition (attention control, preferably). Alternatively, frameworks like 

MOST (375), using SMART (376) or micro-randomised (377) trial designs can be 

used to optimise the intervention prior to a larger RCT. The short intervention 

duration and lack of a post-intervention follow-up to assess long-term effects and/or 

maintenance are also limitations. One possible explanation for the small effects 

observed is that individuals in the current study were quite active at baseline, 

exceeding the guidelines for PA, which may have led to a ceiling effect. 

Another limitation of this research warrants discussion. Intervention design 

and app development occurred entirely from a theoretical perspective and based on 

scarce evidence available on individuals’ preferences regarding features (378) and 
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BCTs (366) employed in apps to promote PA. Due to time and budget constraints, 

there was no formative work with the potential users of the app (e.g. focus groups) 

in order to better specify ways each feature/BCT could be used with the specific 

target group (95). Ultimately this could lead to increased participant engagement 

and, consequently, effectiveness. 

There were technical limitations of this study that require discussion. We 

used an existing app (AOL) to objectively capture PA and SB via the inbuilt 

smartphone sensors, which has been shown to be a valid approach for PA, but the 

detection of SB requires improvement. For this study, the available application 

program interface (API) only allowed access to partly processed data (i.e. not per 

minute movement data) and precluded proper SB measurement. Attrition was high, 

possibly due to the “novelty factor” contributing to enrolment that subsequently 

wears off, and to the lack of face-to-face contact (379). Another important technical 

limitation was our inability to track how the TODAY app was used by participants 

(i.e. which menus/features were accessed). Tracking number of times the app was 

used provided a limited measure of engagement that does not inform aspects for 

improvement nor what BCTs participants may have enacted (380).  

This study is one-of the first to demonstrate the proof-of-concept of a 

dynamic theory-driven intervention that responded to individuals’ activity profiles 

(proportion of daily PA and SB). Based on evidence indicating the lack of theory 

and incorporation of BCTs in commercially available PA apps (252, 253, 381), we 

developed a theory-based mHealth app that operationalised BCTs shown to be 

effective in PA promotion interventions (100, 116). However, considering the low 

engagement/adherence and participants’ feedback on the usefulness of the BCTs, it 

appears that exposure was minimal and operationalisation of some BCTs may not 

have occurred. Since participant-reported use of a higher number of BCTs and 

specific BCTs (e.g. goal setting) has been associated with positive intervention 

outcomes (e.g. reduction in BMI) (380), revealing the optimal combination of active 

ingredients that participants will ultimately enact (i.e. BCTs actually used by the 

participant) warrants further research using different design methods (376, 377, 

382). Recently, perceived usefulness, perceived ease of use and satisfaction were 

found to be associated with intention to continue to use mHealth apps (383). Given 

that the usability of an app will influence the individual’s motivation to engage with 
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the intervention (i.e. usage aims) and consequently impact the clinical aims (330), 

future iterations and research should consider these issues. 

Participants’ feedback highlighted a main aspect requiring improvement, 

namely the movement tracking functions. Perceptions of inaccuracy likely 

undermined engagement over time and our findings highlight that while some 

individuals perceived the app as convenient and low burden, others indicated the 

impracticality of carrying their phone at all times. Accurate measurement of 

behaviour (particularly SB) may require the use of additional devices, such as 

wearables, in order to enhance movement behaviour data capture and subsequently 

better inform intervention delivery (384). This is an avenue for future iterations and 

research, as is research on the underlying mechanisms of the effectiveness of 

mHealth interventions fuelled by automatic logging of intervention exposure (i.e. 

which content was delivered) (330) and user enactment data (i.e. which content was 

“used”) (380). 

Overall, effects on PA and SB were relatively small (approximately changes 

of 7-10 min per day in SB and PA; however this magnitude of effect could be 

valuable at the population level for improving health outcomes (104). A 10 min 

reduction in SB each day could equate to 70 minutes per week. A similar increase in 

PA would be clinically meaningful, as observed in the risk reduction of CVD 

elicited by increases of 15 min/day in MVPA(334). The modest effects in the present 

study were evident despite relatively low adherence to the intervention, consistent 

with previous research showing app use reduced over time (317, 318, 324). If 

subsequent iterations were able to address these issues larger effects might be 

expected. It is important to note that this study was not powered, nor designed to 

determine the effectiveness of the TODAY app. A larger definitive trial with a re-

iterated TODAY app is required to confirm or reject the preliminary effects 

observed here.  

8.7. CONCLUSION 

A proof-of-concept application demonstrated that it is feasible and 

acceptable to capture and modify individuals’ PA/SB behaviours using smartphone 

technology. While largely acceptable to users, future iterations are needed to address 
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the identified shortcomings, optimise, and test the effectiveness of the intervention 

in a larger sample. 
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CHAPTER 9. OVERALL DISCUSSION 
 

PA is associated with numerous physical and mental health benefits for both 

adults and young people (385-387), while increased SB is associated with 

detrimental health outcomes (388, 389). Despite the potential health and economic 

benefits of being physically active, population levels of PA in most countries do not 

meet recommended levels (30). While effective interventions to change PA and SB 

behaviour exist, these typically involve face-to-face delivery or high resource 

demand (106) and community wide reaching interventions are lacking (390). To 

date, most intervention strategies have had limited effects at the population level 

(103). More of the same will not be enough to address insufficient activity as one of 

the leading global risk factors for both morbidity and mortality (301, 391). Novel 

delivery approaches, such as mobile health, may contribute to the scalability and 

effectiveness of interventions. The overall aim of this thesis was to investigate novel 

approaches to promote PA and SB changes using mobile health interactive 

technologies.  

To meet the goals of this thesis, two reviews were undertaken to assess what 

was already known and to identify opportunities for novel interventions. A 

systematic review and meta-analysis was undertaken to determine characteristics of 

existing mHealth-based interventions, including the incorporation of BCTs, and 

whether and to what extent mHealth interventions affect PA and SB levels. A review 

of top-downloaded smartphone apps was conducted to determine the 

presence/absence of BCTs within off-the-shelf apps available to the public in app 

stores. These reviews highlighted the lack of empirical evidence on the effectiveness 

of these mHealth tools, and motivated the subsequent experimental studies: AIMFIT 

and TODAY. The first of these was a pragmatic randomised controlled trial to 

compare the effectiveness of two commercially available apps with usual care 

(control) for improving PA and fitness in young people (AIMFIT). In the second 

study, a bespoke smartphone app (TODAY) was developed and evaluated in a 

proof-of-concept study. The TODAY app was developed using a conceptual 

framework (i.e. Intervention Mapping) in combination with a technological 
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framework (i.e. Behavioural Intervention Technology). A prospective study with 

pre-and post-intervention measurement was conducted to assess the feasibility and 

acceptability of the TODAY intervention on PA and SBs. 

The primary findings of this research were: 

1. Current mHealth interventions to affect PA/SB have small to moderate effects on 

total PA, MVPA, walking and SB. 

2. Top downloaded PA smartphone apps available to the public incorporate few 

BCTs; some BCTs are not present at all. 

3. Readily available commercial apps used as a stand-alone instrument are not 

effective at increasing fitness or PA levels, but young people demonstrate 

interest in future use of such tools. 

4. A conceptual framework can be used in a complementary manner with a 

technological framework to operationalise BCTs, modes of delivery and inform 

the development of an evidence-based mHealth behaviour change program. 

5. A proof-of-concept of an adaptive smartphone-delivered intervention informed 

by automated movement data capture demonstrated that it is feasible and 

acceptable to capture and modify individuals’ PA/SB behaviours using 

smartphone technology. 

This discussion presents a summary of the research findings, its limitations, 

strengths and integrates these to inform implications and highlight future directions 

for research. Opportunities for future development that can contribute to refinement 

and improvement of mHealth interventions in the future are discussed. 

9.1. OVERVIEW OF FINDINGS 

The systematic review and meta-analysis (Chapter 3) aimed to integrate the 

evidence of the effectiveness of mHealth interventions to promote PA and SB 

change and find possible opportunities for future development. Although earlier 

reviews have explored the use of mHealth technologies for the promotion of 

PA(147-150), none had employed a strict inclusion criteria whereby only RCTs were 

included. Moreover, previous reviews had not undertaken meta-analysis of this study 

design type, had not described the BCTs content of such interventions, nor the 
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relationship between the effect size and whether measurement of PA/SB was 

objective or self-reported.  

This review addressed these limitations and filled these gaps in the literature. 

The meta-analysis demonstrated that current mHealth PA/SB interventions have 

small to modest effects on total PA, MVPA, walking and SB. The small differences 

between mHealth and usual care may possibly be due to the comparisons used. For 

instance, comparator groups typically included components such as print-based PA 

guidelines, self-guided manuals that encouraged self-monitoring, or somewhat more 

interactive tools that allowed real time self-monitoring like a wrist watch. It is 

possible that such “active” comparator groups contributed to smaller intervention 

effects, or alternatively that mHealth intervention groups were of insufficient 

intensity. The review also highlighted that many of the mHealth PA/SB 

interventions were SMS-based, and future technological advancements should 

enable more comprehensive, interactive and responsive interventions that may 

potentially be more effective. Moreover, the examination of the BCT content 

highlighted important aspects that could be used to enhance future mHealth 

interventions. 

Given the rapid increase of apps to promote positive lifestyle change, the 

review of top-downloaded PA and dietary apps available to the public (Chapter 4) 

aimed to determine the potential value of commercially available apps for promoting 

behaviour change.  Previous studies had assessed the use of theories of behaviour 

change in app development, as well as their alignment with treatment/management 

guidelines (196-199, 201, 206, 392), but had not assessed the extent to which 

specific BCTs were used. Findings from this review demonstrated that off-the-shelf 

apps included few BCTs. Provision of instruction and self-monitoring techniques 

were most frequently used BCTs, whereas goal setting and review of goals, which 

have been shown to be associated with effectiveness of behaviour change 

interventions were less frequently used (100, 116, 207, 333). Similar reviews 

evaluating the presence of BCTs in apps have subsequently been published (253, 

319, 393, 394).  In these reviews, different versions of the taxonomy of BCTs (97-

99) were used to code the apps, some user-tested the apps (252, 253, 393), while 

others based their assessment on the description of the app available in the app store 

(319, 394).  Even though there were some differences in findings, the takeaway 
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messages are that few current apps incorporate the BCTs linked with increased 

intervention effectiveness and that individuals who look for such tools will likely 

need multiple apps to initiate, change, and maintain PA behaviour changes. While 

these findings provided an idea of the behaviour change potential of apps and were 

initial clues to whether they are effective, a lack of evidence of effectiveness of app-

based interventions to promote health behaviours was identified. 

Both the review of the literature and of the commercially available apps 

informed subsequent work presented in this thesis. As mentioned above, the reviews 

highlighted a dearth of studies to assess the effectiveness of existing apps.  To 

address this limitation, we aimed to determine the effectiveness of two popular 

commercially available apps designed to increase fitness and PA levels among 

insufficiently active young people.  

Chapter 5 describes the rationale and protocol for a pragmatic RCT aiming to 

evaluate the effectiveness of two popular commercially available apps designed to 

increase fitness and PA levels among insufficiently active young people, compared 

with usual behaviour. Since the appeal of such apps may be superior when 

immersive features are employed (81, 85), which could lead to higher 

engagement/use and in turn to increased intervention effects (240), a three-arm 

design was chosen. Specifically, both apps consisted of an eight-week program to 

improve fitness and ability to run 5 km; however, the immersive app additionally 

featured a game-themed design and narrative. The protocol described the methods, 

including participant recruitment, eligibility criteria, sample size calculation, 

allocation procedures, characteristics of the immersive and non-immersive app 

interventions, outcomes assessed, and statistical analysis plan. It was hypothesized 

that the app groups would have greater fitness effects compared with the control and 

that the immersive app would have superior outcomes compared with the non-

immersive app.  

Chapter 6 presents the results of the RCT described in Chapter 5, providing much 

needed evidence for mHealth apps (307, 395, 396). The main findings were that both 

immersive and non-immersive apps led to small improvements in fitness, but the 

effects did not differ significantly compared with the control group. Neither of the 

two top-downloaded apps produced significant effects on any of the self-reported 
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PA predictors of enjoyment, self-efficacy, or perceived competence, autonomy or 

relatedness. Effects were also not observed on accelerometry-measured PA. Of note, 

acceptability data showed that despite both app groups producing comparable 

effects, the design and features of the immersive app received more positive 

feedback, suggesting these aspects should be considered for future app development. 

In agreement, a recent study compared the same immersive app (i.e. Zombies, Run!) 

to one of the many commercially available performance feedback-based running app 

(i.e. Nike+Running) to investigate their effects on psychological predictors of PA 

behaviour (397). Findings demonstrated that the immersive app led to more 

dissociation from the exercise goals, while the performance feedback-based app led 

to a more associative attentional focus. Hence, immersive game-based apps may 

help those initiating PA behaviour changes or less fit individuals to dissociate from 

exercise more readily, decrease perceptions of exertion, and evoke enjoyment of the 

activity bout (397). One way of potentially increasing engagement with health 

interventions is to make them intrinsically enjoyable as immersive technologies 

attempt to. However, the version of the immersive app used in our trial (Zombies, 

Run! 5k training) may not create a deep state of immersion as the full version of the 

app, which might have hindered engagement, and in turn led to insufficient usage. 

With hindsight, while PA predictors were measured using scales previously 

identified as reliable and valid, with sound psychometric properties, we should have 

also measured “enjoyment of the apps", but we did not measure the concept of 

transportation/immersion (80, 398). 

In view of findings suggesting that readily available apps to improve PA and 

fitness are of little help to individuals initiating PA behaviour changes and produce 

no major improvements, Chapter 7 integrated findings from the reviews (Chapters 3 

and 4) and established theories of behaviour change reviewed in Chapter 2 to design 

a bespoke mHealth intervention. While an understanding of the variables 

consistently related to PA (67) can provide guidance to the design of interventions, 

the wide range of factors poses challenges to those attempting to promote PA. To 

this end, an adaptive evidence-based smartphone-delivered intervention targeting PA 

and SB based on the Integrated Behaviour Change Model was developed. Chapter 7 

described the application of both conceptual and technological frameworks to guide 

the development of the intervention. Intervention Mapping, the conceptual 
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framework, was used to identify the determinants influencing uptake of PA and 

optimal BCTs. Behavioural Intervention Technology, the technological framework, 

was used to translate and operationalise the BCTs and its modes of delivery. 

Capitalising on advances in smartphone technologies, we developed a proof-of-

concept app that included an automated system to collect PA data, process it, and 

then deliver the intervention. 

Chapter 8 presented findings from the eight-week single-group pilot study to 

evaluate the proof-of-concept TODAY app. Overall, findings demonstrated the 

feasibility of the TODAY app to passively capture behavioural data, which was used 

to inform the delivery of a fully automated adaptive behaviour change intervention 

on PA and SB. Acceptability and usefulness feedback demonstrated aspects 

requiring improvement, such as measurement accuracy and app design, which, if 

addressed in subsequent iterations, may lead to greater engagement and, possibly, 

larger effects. The TODAY app produced small positive changes in total PA, 

MVPA, LPA and SB compared to baseline, but only increases in LPA were 

statistically significant. Counterintuitively, there were small negative effects on 

determinants of PA, including attitude and intention. In contrast, positive changes 

were observed for planning and perceptions of perceived competence and autonomy. 

Notably, the small effects observed were evident despite low usage of the 

intervention. The proof-of-concept study provided evidence supporting automated 

adaptive mHealth-based interventions to affect PA/SB outcomes as an alternative 

delivery approach alongside existing approaches. An important limitation of this 

study and possible explanation for the underperformance of the bespoke app was the 

absence of formative work and co-design methods. While the intervention was 

developed based on theory and currently available evidence, we did not gather input 

from target end users. Co-design methods will help ensuring participants’ needs are 

attended to and lead to the development of acceptable and feasible mHealth 

interventions (399).  

9.2. STRENGTHS AND LIMITATIONS 

Strengths and limitations of each specific study have been discussed 

previously in the respective chapters; however the collective research has its own 

strengths and weaknesses, which are presented here. The main limitation of this 
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thesis is that the outcomes investigated were risk factors of disease (PA and SB) and 

not health outcomes. To determine the effects of the interventions on clinical 

outcomes, adequately powered trials of longer duration would be required. Given the 

exploratory nature of the experimental studies presented here and the lack of 

resources available, this was not feasible. Nevertheless, the effects of PA are well 

established in the literature and it can be hypothesised that positive changes in PA 

and SB risk factors will affect future clinical outcomes, if and when such changes 

are sustained. Secondly, the study samples in both of the experimental studies were 

not entirely representative of the New Zealand population because of the over 

representation of NZ European individuals. Thirdly, the short duration of the 

interventions also precluded investigation of long-term effects and maintenance of 

behaviour. Lastly, a common limitation in PA/SB research is recall bias as either 

adults and young people do not accurately report PA levels (400). Typically, SB is 

under reported while PA is over reported (401). Nonetheless, while self-report 

measures of PA and its predictors were used, all of the instruments had been 

previously validated and all of the experimental studies also included objective 

movement behaviour measurement either via research-grade accelerometers or via 

the smartphone inbuilt sensors. 

A key strength of this thesis is the strong theoretical foundation of the work 

presented throughout. The first review is the first of its kind to undertake a meta-

analysis of RCTs, while the second was among the first to determine the 

presence/absence of BCTs in commercially available apps.  Moreover, ours was the 

first of its kind to evaluate the effectiveness of two commercially available apps 

using a robust methodology. Finally, the second experimental study was among the 

first pieces of research to explore the effects and potential of interactive technologies 

to promote PA and SB change. This thesis also highlighted the contrast between 

current technological potential and innovation within IT-based PA promotion 

interventions, and underscored the need to move beyond increasingly outdated 

technologies and make the most of the potential of ever more ubiquitous tools. 

Lastly, the pragmatic nature of both the AIMFIT and TODAY interventions was 

likely to accurately reflect the utilisation patterns and treatment effects that would be 

observed if these interventions were offered alongside current PA promotion 

interventions via usual care channels. There were no co-interventions, nor additional 
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contacts with study participants; participants utilised the mHealth technology that 

already owned and used the interventions ad-libitum in a real world setting. 

9.3. IMPLICATIONS AND FUTURE DIRECTIONS	

This body of work has described the state of the art of PA mHealth 

promotion interventions, highlighted what has been accomplished, and what future 

development and evaluation is required. While PA mHealth interventions are 

progressing, more research is needed to better determine how these technologies can 

be incorporated into programs to enhance PA behaviour change outcomes. In trying 

to understand how mHealth interventions can facilitate PA behaviour change, 

several topics emerged and new questions arose. 

9.3.1 Smartphones & Apps - Is there really an app for that? 

Worldwide, there are millions of apps available and more are uploaded into 

app stores daily. For example, in the two years since this research was undertaken, 

iOS health apps have more than doubled (124, 213). There is an app for everyone 

and for everything; however, the majority of app store downloads (about 90%) are 

attributable to only a small number of apps (124). 

Even though apps continue to proliferate, as well as the monthly time 

individuals spend using them, the number of apps users actively engage with has 

remained stable over the last years (125). Current market research indicate an 

average threshold of 26.7 apps that the U.S. smartphone users engage with per 

month (125). Launching a new app is entering the “spam list” of irrelevant apps and 

it is hard to stand out to make a difference. Nevertheless, U.K. market research 

indicates individuals interact with their smartphone daily on a high number of 

occasions (221!) and this still presents an opportunity to capitalise on the potential 

for  positive health behaviour change (357).  

Perhaps mHealth apps are more likely to work if supported by texts or if 

endorsed by other health care providers. Given the overwhelming number of 

mHealth apps available to individuals, guidance from health providers may be 

necessary to identify which is best, and to potentially endorse/prescribe specific 

apps, which may help promote adherence (122). One step forward in the mHealth 
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field is the connectivity and communication of these apps and the data they collect 

with health care providers to fully leverage mHealth’s potential in behavioural 

change and disease prevention. Evidence suggests that when health care providers 

prescribe apps, adherence to the app is heightened and may lead to positive health 

outcomes, such as increased number of steps and reductions in blood glucose (124, 

175, 177). The rich data captured by emerging mHealth technologies will likely 

complement existing health care services (402). 

9.3.2 Smartphones, Apps and other mHealth devices 

While currently the main role of app-based mHealth is to provide 

information and education (213), mHealth has the potential to empower and engage 

individuals in their own care by capitalising on easy dissemination of self-

monitoring techniques that have low burden to the individual. The computational 

and sensor capabilities of smartphones are currently being consolidated into other 

miniaturised personal mobile devices such as wearable devices and smartwatches 

(132). These devices offer advantages over smartphones due to  their proximity to 

the user (e.g. skin), which allows intensive capture of data on metrics like heart rate 

or body temperature (193). Currently, the majority of wearable devices used to 

assess and capture health data are PA/fitness trackers, followed by heart rate 

monitors and smart watches (124). It is expected that individuals will increasingly 

embrace Internet-connected tools for personal health use, such as monitoring and 

receive quick daily life feedback, and growth in penetration and associated apps is 

expected (403, 404). 

Devices now can collect biofeedback data from the user that subsequently is 

uploaded through a wireless connection to a smartphone. Namely, wrist worn 

accelerometry via a wearable device may more accurately, consistently, and 

conveniently capture movement data compared with a smartphone or manually-

entered data into apps. Furthermore, automated passively collected data is seamless 

and unobtrusive. Intensive data collected by such devices can be transmitted (in real 

time and over time) and be mined to provide objective information on behaviour, 

behaviour change, exposure to intervention and responses to exposure in the real 

world context (139, 320). This represents moving from efficacy studies, which 

typically are hard to translate and implement, to real world interventions. Intensive 
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data capture can also be used to iteratively refine the usability and usefulness of the 

intervention.  

9.3.3 Attempting to overcome poor engagement  

Since individuals appear to choose (health) apps according to perceived 

design quality and usability (405), there is a need to improve current mHealth apps 

and tools if they are to be able to sustain initial appeal, engagement and promote 

repeated use. In order to do so, a user-centred approach of app/intervention 

development may be crucial (355, 406). Participatory research conducted directly 

with the “affected” individuals with the aim of empowerment and using participants’ 

opinions to gain new insights is desirable and likely an important factor to close the 

gap between the academic worldview and the real world setting where such tools 

will be used (406). 

Future apps or mHealth based interventions should minimise participant 

burden as much as possible. Such a tool should collect data passively and return only 

minimal indicators or information as necessary (139). Besides perceived aesthetic 

and engagement qualities, the app features need to be evidence-based and 

incorporate effective BCTs in order to both improve the experience of the user and 

concurrently promote behaviour change (381). Notably, an app that incorporates 

many evidence-based BCTs will unlikely be effective without the engagement of the 

individual (206) . 

To achieve such audacious aims, it appears clear that a multidisciplinary 

team is an a priori requirement. This includes individuals from the behavioural 

science, behaviour change, health science, human computer interaction, user-centred 

design, and user experience fields. The input from different sciences and extensive 

collaboration between engineering and health professionals is needed to contribute 

towards developing mHealth tools that are not only evidence-based but also embed 

effective mechanisms for the diversity of users (407). 

9.3.4 The potential of mHealth technologies to tailor interventions 

Like with eHealth, mHealth PA interventions have not yet fully capitalised 

on available technology, and this has likely hindered their effectiveness (109, 136). 
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This thesis highlighted the contrast between current technological potential and 

innovation within mHealth-based PA promotion interventions, and underscored the 

need to move beyond increasingly outdated technologies and make the most of the 

potential of ever more ubiquitous tools. 

A mobile device that captures behavioural data, is aware of an individual’s 

current behaviour and/or health status and also of the individual’s 

environment/context will, via sophisticated algorithms, be able to adjust the 

intervention’s content and timing accordingly. Just-in-time adaptive interventions 

(JITAIs) allow a personalised behavioural treatment to be delivered in real time in 

the individual’s living environment. Software analytics applied to data captured via 

smartphone and sensors allow automatic detection of behaviour and delivery of 

intervention content. Such content is highly relevant to an individual’s needs, is 

delivered at the time that is most needed, and therefore more likely to positively 

affect health behaviour (408). To illustrate, there is ongoing research on using 

mHealth devices to recognise cravings for a recent abstinent smoker and deliver an 

intervention to help resist the urge to smoke and prevent a relapse (407). Within the 

mHealth PA promotion field, three apps designed to increase PA and reduce SB in 

midlife adults incorporated features to track time spent in PA/SB and provide just-

in-time guidance and feedback using an analytic (based on self-regulation behaviour 

change techniques), social (based on. cooperation/competition, comparisons and 

norms), or affective (based on emotional transference to an avatar) motivational 

frame (172). Preliminary positive improvements in PA and SB were observed for the 

three apps (172), and a recent RCT comparing the three apps to a control showed 

more positive results for individuals who used the social framed app. This study also 

suggests that different individuals might benefit from different motivationally 

framed apps (409) and highlights further tailoring possibilities. 

Consider an intervention component triggered by GPS locations that delivers 

push-notifications of affordances to promote PA (410) (i.e. opportunities for positive 

changes exist), such as a self-guided walk/tour in a park at close vicinity. By 

tailoring the intervention to the individual’s behaviour (e.g. PA duration and/or 

intensity throughout the previous day and/or week) and to the individual’s context 

(e.g. commuting, at work, at home), mHealth approaches may be more effective than 

more traditional approaches. Interventions can be further personalised to other 
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tailoring variables, such as PA predictors like perceived competence, autonomy and 

relatedness. To illustrate, for an individual with higher perceived competence, a 

simple BCT prompt/cue displaying a suggested route through the park to walk to the 

furthest bus stop instead of the closest one may suffice. However, an individual with 

low perceptions of competence may require operationalisation of additional BCTs, 

such as provision of practical and emotional support, persuasion about their 

capability, and prompting monitoring of emotional consequences of how they felt 

after attempting (and hopefully succeeding) to perform the behaviour. Psychological 

models applied to explain and modify PA behaviour like the integrated behaviour 

change model (IBCM) for PA (88) can point to factors that should be targeted for 

future intervention and tailoring. Given that the IBCM also takes into account 

implicit motivation/impulses (91, 411) besides the more deliberative motivational 

processes, it aligns well with just-in-time interventions, which aim to capitalise on 

such impulses.  

However, JITAIs adapt over time in response to an individual’s changing 

behaviour and circumstances, and the current behaviour change models used to 

guide the design of interventions mostly integrate static relationships and factors that 

change slowly (e.g. baseline self-efficacy, age) and do not specify when, where or 

how to intervene (412). In JITAIs, personalised and tailored interventions are 

possible through ongoing assessment of the individual’s state and living 

environment, incorporating the element of temporal progression, in order to 

intervene when individuals may be more receptive and/or vulnerable. Frameworks 

are being proposed that can guide JITAI development aiming to incorporate time 

into the more traditional static health behaviour models (412) and such work will 

enable unprecedented degrees of tailoring. 

The pervasiveness, computational ability, and sensing capabilities of 

mHealth devices can be used to evaluate adherence and response to intervention 

strategies/components. This information can be subsequently used to iteratively 

adapt future interactions and interventions. To illustrate another personalisation or 

tailoring possibility, gamification and more immersive type of content (audioclips 

delivered through the earphones, for instance) can easily be deployed harnessing 

mHealth technologies and can contribute to engagement with the intervention. For 

example, apps exist where the individual needs to walk or run to trigger progress in 



Chapter 9 – Overall discussion 

183 

the game and the story line (e.g. new clues to solve a mission only are shown after 

reaching a number of steps) (413). Utilising immersive gaming environments for PA 

promotion intervention delivery may facilitate individuals’ exploration, engagement 

in behavioural experiments and skill practice. Moreover, given that the behavioural 

experiments in such immersive environments occur in “real-life” scenarios but 

without real-life repercussions, they could facilitate behavioural practice and lead to 

successful behaviour change (414). 

Despite the technologies’ potential to accommodate tailoring, it  can be 

argued that high level tailoring requires extra resources (415), costs and extensive 

collaboration between engineering and behaviour change professionals. Tailoring 

has been identified as one characteristic of eHealth interventions to promote PA that 

is associated with higher levels of engagement (111, 350) and therefore should be 

considered when designing PA promotion interventions. It can result in perceptions 

of higher personal relevance, and potentially lead to greater behaviour change. In a 

recent meta-analysis of text-message-based interventions for health promotion, 

tailoring and personalisation were significantly associated with increased 

intervention efficacy (354). However, currently it is unknown at what point tailoring 

and personalisation even more has no additional benefits. Different degrees of 

tailoring are possible, such as different versions of content for different types of 

users/subgroups (e.g. ethnicity), or individually tailored versions, such as in JITAIS. 

Ultimately, the degree to which an intervention can be tailored is dependent on 

available resources and funding. While e- and mHealth PA interventions have the 

potential for widespread impact at modest cost, cost-effectiveness analyses will be 

necessary to help decision makers and policymakers to choose among intervention 

possibilities. 

9.3.5 Methodological considerations 

Technology development currently outpaces our ability to evaluate it using 

standard RCT approaches, which typically requires a long time to conduct (416) and 

may not be suitable for evaluating mHealth interventions. Further, lifestyle 

interventions typically are multicomponent (i.e. a treatment package), which makes 

it difficult to ascribe effectiveness to specific aspects. Other research methodologies 

may be more suitable to test multiple interventions or intervention components 
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simultaneously. One such methodology is the Multiphase Optimization Strategy 

(MOST) (382). It allows randomised experiments of individual intervention 

components, and enables the identification of components that contribute to the 

overall effect of the intervention with the overall aim of finding the optimal 

treatment package. Factorial designs and fractional factorial designs are employed 

because they allow the separation of the intervention component effects and require 

smaller sample sizes while retaining statistical power. Another approach are 

microrandomised trials that investigate which components of an intervention are 

efficacious. These trials may be more applicable to develop and optimize just in time 

interventions (377, 412).  

Finally, future mHealth PA intervention studies should ensure that all the 

active ingredients of the intervention are reported in sufficient detail. Reviews 

underway (417) that code intervention content using the BCT taxonomy will better 

inform the design of interventions to influence the PA/SB of inactive populations. 

Likewise, specific guidelines for reporting mHealth interventions recently published 

(418) will contribute to the completeness of reporting.  

 

In attempt to interpret the literature and findings presented in the previous 

chapters as a cohesive body of research, five major implications are identified that 

contribute to future research directions. 

9.3.6 Develop and test JITAIs 

Little is known how best to design PA JITAIs to achieve maximum effects. 

Intensive longitudinal data collection (with reduced participant burden) will permit 

analysis of behavioural responses to JITAIs, which will provide useful information 

to guide future intervention development (419). Research is needed to inform how 

and why proximal and distal PA outcomes evolve over time, as well as to inform 

intervention options in JITAIS based on tailoring variables (e.g. self-efficacy). To 

this end, micro-randomised trials that randomly allocate intervention options at each 

decision point will be necessary (377). 

The vast amount of data points produced by intensive longitudinal data 

collection will require approaches such as data mining and machine learning to 
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identify factors that potentially characterise an opportunity to intervene (e.g. 

location) with a given type of component/intervention option. Following delivery of 

an intervention component, the mHealth technologies should collect information on 

whether it was attended to, well received, or enacted. Determining the minimal and 

optimal amount of tailoring for achieving maximum effects is a venue for future 

research. 

9.3.7 Identify effective intervention elements 

To identify the best candidates to intervention options within a JITAI, 

research is needed on effective elements or components rather than on effective 

interventions (113). At present, intervention effectiveness cannot be ascribed to 

specific elements/components because typically behavioural interventions are 

multicomponent. In order to improve intervention effectiveness, we need to know 

which specific elements relate to positive behaviour change. The MOST framework 

and micro-randomised trials allow identification of the contribution of each 

individual component to the overall intervention effects and are helpful to augment 

intervention potency, reach, and efficiency (377, 382). 

 Optimisation of the multicomponent behavioural interventions also 

comprises finding the best strategies to reach and engage a large numbers of 

individuals, so that many are exposed to PA (mHealth) interventions. 

9.3.8 Promote engagement 

Usage metrics like number of logins are an objective but insufficient measure 

of engagement. Within objective measures of engagement, one step further would be 

to know which features within the technology were accessed and how frequently. 

Other approaches could be to ask participants about their “enactment” of behaviour 

change techniques (420). While mHealth interventions deliver content digitally, 

behaviour change (techniques) will ultimately be enacted by individuals in their 

living environment, and thereby we may not be capturing “engagement” with the 

intervention outside of the technology tool. Qualitative methods and objective 

measures of technology usage are complementary and should be used to measure 

engagement and understand how individuals are engaging with mHealth 

interventions. Qualitative methods such as interviews, focus groups, and 
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questionnaires can provide information (e.g. individuals perceptions to intervention 

content) to explain objective measures of usage of the intervention, such as time 

spent in features or response to prompts/notifications. Ecologic momentary 

assessments (128) trigger self-report data not only at predetermined times but also 

based on detected activities and allow capturing individual’s responses to 

intervention content exposure. 

User-centred approaches that involve the target population during 

intervention development and refinement is of highest importance if the intervention 

is to appeal and meet individuals’ needs (421). Intervention content needs to be 

tailored to meet their needs, in particular to ensure they are engaging to individuals 

with lower levels of literacy and education (134). To this extent, intervention content 

can be delivered in audio-visual formats, capitalising on health technologies 

capabilities (330). 

JITAIs will allow tailoring the intervention content as the individuals’ 

behaviour changes, meeting individuals’ needs and consequently contribute to 

engagement. Importantly, tailoring should not mean “strict prescription” and special 

attention needs to be paid to how intervention content is presented. Supporting 

individuals’ autonomy needs by providing possible solutions and presenting tools 

that can be used will allow individuals to choose what they find more useful and 

should stimulate intrinsic motivation (72) and consequently engagement with the 

intervention. 

9.3.9 Balance push and pull content 

Many mHealth technology-based PA interventions have yet to capitalise on 

state of the art technologies. Some interventions used simple one-way direct 

motivational text messages (i.e. push), where participants were not required to reply 

(i.e. pull) (171). Some have enabled participants to upload PA data to web-based or 

automated systems for self-monitoring, review, and feedback, which required 

participant-entered information (159, 160, 168). Only a minority has used 

smartphone sensors to measure PA and provide just-in-time feedback (172, 409). 

Asynchronous uploading of data or data processing has limited intervention 

responsiveness and the capacity of these technologies to provide high level review 

and feedback on behaviour. Hence, to date, the utility of mHealth devices was 
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constrained by asynchronous data uploading/processing that prevented timely 

monitoring and feedback. Since the most interactive interventions are associated to 

higher usage and engagement and consequently to greater intervention effects, 

enhancing interactivity of interventions balancing push and pull content has been 

recommended (109, 111, 134, 136). 

9.3.10 Integrate BCTs, engagement, and their parameters for effectiveness 

There is a need for mHealth PA promotion interventions to apply not only 

behavioural science theories but also theories from persuasive science to improve 

participants’ engagement. While behaviour change theories and frameworks to guide 

intervention development help to pinpoint determinants of behaviour and help 

choosing optimal evidence-based behaviour change methods, health behaviour 

theories are not a good fit to guide the design of engaging interventions. Some 

theoretical frameworks like BIT provide guidance on how intervention content can 

be translated into behavioural technologies such as apps and how content is 

presented, but the determinants of engagement need to be better incorporated (330). 

An integrated approach/model addressing behavioural determinants (e.g. self-

efficacy) and determinants that influence engagement (e.g. tailoring) is necessary 

since both are predictors of intervention use and effectiveness (422). 

Health behaviour change should be targeted by simultaneously incorporating 

effective BCTs in parallel with strategies to encourage intervention use and 

engagement. However, despite available BCT taxonomies (97-99) providing an 

overview of available methods for behaviour change, the optimal combination of 

BCTs is unknown. More research is needed do identify which BCTs work and under 

which conditions, such as interactions of BCTs with each other (208). While some 

BCTs may have synergistic effects and amplify each other, others may have 

competing effects and offset each other. It is possible that within an intervention 

some BCTs shown to be effective (provided their parameters for effectiveness are 

met) are undermined by other BCTs. Recent evidence from meta-CART analysis 

(423) suggest some combinations of BCTs are associated with positive health 

behaviour change while other combinations are inversely associated. Specifically, 

for eHealth-based behaviour change interventions (116), those that take less time to 

use were more effective than those requiring more time to understand and 
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interventions that included problem solving in addition to providing rewards for 

behaviour change were more effective (424). No other synergistic effects were 

observed, but further research is warranted to examine how these findings compare 

with more recent mHealth interventions and specifically to PA behaviour. 

 

9.4. CONCLUSION 

Current mHealth-based interventions for promoting PA and SB change have 

positive, small sized effects on increasing PA and decreasing SB, at least in the short 

term. Further, commercially available off-the-shelf mHealth apps include few BCTs 

shown to be effective for promoting PA, which hinders their behaviour change 

potential as confirmed by their lack of effects in promoting PA and CRF among 

young people. Based on these findings, at present, we would not recommend 

mHealth-based interventions as a stand-alone tool to promote PA and SB change. 

However, mHealth approaches capitalising on recent advances in smartphone 

technologies and that provide evidence- and theory-based PA and SB interventions 

hold promise. A proof-of-concept application demonstrated that it is feasible and 

acceptable to capture and modify individuals’ PA/SB behaviours using smartphone 

technology to automatically push intervention content. While acceptable to users, 

future iterations are needed to address the identified shortcomings, optimise, and test 

the effectiveness of the intervention in a larger sample. Alternative wide-reaching 

and less resource intensive PA and SB change interventions are needed given the 

challenges of a burdened health care system and the high numbers of insufficiently 

active individuals. This preliminary evidence indicates mHealth can contribute to 

addressing this problem. Nevertheless, understanding how to best harness mHealth 

technologies to maximise their tailoring potential, engage individuals and sustain use 

over time remains a challenge. Overcoming these challenges will require 

interdisciplinary collaboration among behavioural, computer and engineer scientists 

in order to realise the full potential of mHealth technologies for delivery of PA and 

SB change interventions. 
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Appendix 1.1 Full specific search details per database 

Databases: 

Medline (OvidSP), PsycINFO (OvidSP), PubMed, ISI Web of Science, EBSCO 
CINAHL Plus, Embase (OvidSP), Cochrane databases: Central Register of 
Controlled Trials; 

Search terms: 

Search terms 

Intervention:  
m-Health 
Devices 
Technologies 

1. Mobile device*; Handheld device*; PDA; Cellular phone*; 
Cell phone*; SMS; Short message service; text messag*; txt*; 
MMS; Multimedia message service; Mobile phone*; Mobile 
app*;  Smartphone*; Smartphone app*; tablet computer*; 
iPad; iPod touch; Wireless technology; Wearable activity 
tracker; on-body mobile sensing; m-Health; mhealth; mobile 
health; telemedicine; telehealth; 

2. BodyMedia; Fitbit; LarkLife; Misfit Shine; Nike+ 
FuelBand; SYNC Burn; Up by Jawbone; Withings Pulse; 
Zamzee; AIRO band 

(to account for studies 
using these 
technologies via mobile 
platforms) 

3. ((Multimedia; Interactive media; Internet; Web; e-mail; 
Electronic mail) 
 
 
Pedometer*; Accelerometer*; gyroscope*; inclinometer* 

(to account for types of 
intervention and 
settings) 

4. Health Education; Patient education; Primary prevention; 
Health promotion; Behaviour Therapy; Cognitive Therapy; 
Primary Health Care; Workplace; Schools; Home; Program; 
Promotion; Education; Behaviour change 

Outcomes:  
Physical Activity & 
Sedentary 
Behaviours 

5. Physical activity; Exercise; Aerobic exercise; Physical 
fitness; Fitness; Active; Sedentar*; Inactiv*; Physical 
Exertion; Physical Education and Training; Sport*; Walk; 
Bicycle; Dancing; Exercise Therapy; Life style;  

Design: 
6. Randomized controlled trial; Random sample; Clinical trial; 
Quasi-Experimental Studies; placebo; trial; randomly; groups; 
crossover; factorial; allocation;  

5 AND 4 

(5 AND 4) AND 1 

(5 AND 4 AND 1) OR 2 

1 AND 3 

(1 AND 3) AND (5 AND 4) 

((5 AND 4 AND 1 OR 2) OR (1 AND 3 AND 5 AND 4)) AND 6 
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Database search strategies: 

Database # Search Terms & Strategy 
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/ = Subject heading; 
 
.mp. = title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, 
protocol supplementary concept, rare disease 
supplementary concept, unique identifier; 
 
.tw. = Text Word includes Title (TI) and Abstract (AB); 
 
.sh. = MeSH Subject Heading - Medical Subject 
Headings used by indexers at the National Library of 
Medicine (NLM) to describe the content of an article. 
NLM's MeSH terms are organized in a hierarchy, or 
"tree" structure; 
 
.pt. – Publication Type classifications as reviews, clinical 
trials, directories and letters; 
 
 
ADJn operator = records that contain your terms (in any 
order) within a specified number (n) of words of each 
other; 
 
 
* = unlimited right-hand truncation; 
 
 
? = optional wild card stands for zero or one characters 
within a word or at the end of a word; 
 
 

01  exp Multimedia/ 
02 Interactive media.mp. 
03 exp Cellular phone/ 
04 mobile devices.mp. 
05 exp computers, handheld/ 
06 exp Telemedicine/ 
07 m-Health.mp. 
08 mhealth.mp. 
09 mobile health.mp. 
10 Telehealth.mp. 
11 exp internet/ 
12 web.mp. 
13 exp electronic mail/ 
14 SMS.mp. 
15 exp Text messaging/ 
16 Short message service.mp. 
17 text messag*.mp. 
18 txt.mp. 
19 MMS.mp. 
20 Multimedia message service.mp. 
21 Handheld device*.mp. 
22 Cell phone*.mp. 
23 Mobile phone*.mp. 
24 Mobile app*.mp. 
25 Smartphone*.mp. 
26 Smartphone app*.mp. 
27 tablet computer*.mp. 
28 iPad.mp. 
29 iPod touch.mp. 
30 exp Wireless Technology/ 
31 exp Monitoring, Ambulatory/ 
32 exp Remote Sensing Technology/ 
33 BodyMedia.mp. 
34 Fitbit.mp. 
35 LarkLife.mp. 
36 Misfit Shine.mp. 
37 Nike+ FuelBand.mp. 
38 SYNC Burn.mp. 
39 Up by Jawbone.mp. 
40 Withings Pulse.mp. 
41 Zamzee.mp. 
42 AIRO band.mp. 
43 Health Education/ 
44 exp Health Promotion/ 
45 Primary prevention/ 
46 Primary Health Care/ 
47 Patient education as Topic/ 
48 Behavior Therapy/ 
49 Cognitive Therapy/ 
50 Workplace/ 
51 Schools/ 
52 Home.mp. 
53 Program$.tw. 
54 Promot$.tw. 
55 Educat$.tw. 
56 Behavio?r change.mp. 
57 exp Motor activity/ 
58 Physical Exertion/ 
59 exp Exercise/ 
60 exp Exercise Therapy/ 
61 Physical fitness/ 
62 exp "Physical Education and Training"/ 
63 exp Sports/ 
64 Dancing/ 
65 (physical$ adj5 (fit$ or train$ or activ$ or 

endur$ or exertion$)).tw. 
66 (exercis$ adj5 (train$ or physical$ or 

activ$)).tw. 
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67 ((exercise$ adj3 aerobic$) or aerobics).tw. 
68 sport$.tw. 
69 walk$.tw. 
70 Bicycl$.tw. 
71 Sedentar*.mp. 
72 exp Sedentary Lifestyle/ 
73 inactiv*.mp. 
74 ((lifestyle or life-style) adj5 physical$).tw. 
75 ((lifestyle or life-style) adj5 activ$).tw. 
76 Randomized Controlled Trial.pt. 
77 controlled clinical trial.pt. 
78 randomi?ed.ab. 
79 Randomly.ab. 
80 Quasi-Experimental Stud*.mp. 
81 Placebo.ab. 
82 Trial.ab. 
83 Groups.ab. 
84 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 

65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 
73 or 74 or 75 

85 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 
51 or 52 or 53 or 54 or 55 or 56 

86 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 14 or 15 
or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 
or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 
or 32 

87 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 
41 or 42 

88 1 or 2 or 11 or 12 or 13 
89 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 
90 84 and 85 
91 86 and 90 
92 87 or 91 
93 86 and 88 
94 90 and 93 
95 92 or 94 
96 exp animals/ not humans.sh. 
97 89 not 96 
98 95 and 97 
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Search Term “Map Term to Subject Heading” Database thesaurus info 
DECISION 

Multimedia Multimedia/ exp Multimedia/ 

Interactive media Interactive tutorial/ Interactive media.mp 
Mobile devices Cellular phone/; computers, handheld/ exp Cellular phone/ + mobile devices.mp.  
PDA computers, handheld/ exp computers, handheld/ 
Cellular Phone Cellular phone/ (subject heading already included) 
m-Health Telemedicine/ exp Telemedicine/ + m-Health.mp. 
mhealth Telemedicine/ mhealth.mp. 
Mobile health Telemedicine/ mobile health.mp. 
telemedicine Telemedicine/ (subject heading already included) 
telehealth Telemedicine/ Telehealth.mp. 
internet Internet/ exp internet/ 
web Internet/ web.mp. 
e-mail Electronic mail/ exp electronic mail/ 
electronic mail Electronic mail/ (subject heading already included) 
SMS  SMS.mp. 
Short message service Text Messaging/ exp Text messaging/ + Short message 

service.mp. 
Text messag* Text Messaging/ text messag*.mp. 
txt  txt.mp. 
MMS  MMS.mp. 
Multimedia message 
service 

Text Messaging/;  Cellular Phone/ Multimedia message service.mp. 

Handheld device* Computers, handheld/ Handheld device*.mp. 
Cell phone* Cellular phone/ Cell phone*.mp 
Mobile phone* Cellular phone/ Mobile phone*.mp. 
Mobile app* Cellular phone/; Computers, Handheld/; 

Software/; Medical Informatics 
Mobile app*.mp. 
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Applications 
Smartphone*.mp. Cellular phone/; Computers, Handheld/; Smartphone*.mp. 
Smartphone app* Cellular phone/; Computers, Handheld/; 

Medical Informatics Applications/; 
Medical Informatics/ 

Smartphone app*.mp. 

tablet computer* computers, handheld/ tablet computer*.mp. 
iPad computers, handheld/ iPad.mp. 
iPod touch computers, handheld/; Cellular Phone/ iPod touch.mp. 
Wireless Technology Wireless Technology/ exp Wireless Technology/ 
Wearable activity 
tracker 

Monitoring, Ambulatory/; Telemedicine/ exp Monitoring, Ambulatory/ 

sensing Remote Sensing Technology/ exp Remote Sensing Technology 
Pedometer* Monitoring, Ambulatory/ Pedometer*.mp. 
Accelerometer* Accelerometry/ exp Accelerometry/ + Accelerometer*.mp. 
gyroscope*  gyroscope*.mp. 
inclinometer*  Inclinometer*.mp. 
BodyMedia Monitoring, Ambulatory/; Life style/ BodyMedia.mp. 
Fitbit Actigraphy/; Monitoring, Ambulatory/ exp Actigraphy/ + Fitbit.mp. 
LarkLife  LarkLife.mp. 
Misfit Shine  Misfit Shine.mp. 
Nike+ FuelBand  Nike+ FuelBand.mp. 
SYNC Burn  SYNC Burn.mp. 
Up by Jawbone  Up by Jawbone.mp. 
Withings Pulse  Withings Pulse.mp. 
Zamzee  Zamzee.mp. 
AIRO  AIRO.mp. 
Health Education Health Education/ Health Education/ 
Patient education Patient education as Topic/ Patient education as Topic/ 
Primary prevention Primary prevention/ Primary prevention/ 
Health promotion Health Promotion/ exp Health Promotion/ 
Behaviour Therapy Behavior Therapy/ Behavior Therapy/ 
Cognitive Therapy Cognitive Therapy/ Cognitive Therapy/ 
Primary Health Care Primary Health Care/ Primary Health Care/ 
Workplace Workplace/ Workplace/ 
Schools Schools/ Schools/ 
Home  Home.mp. 
Program Healthy People Programs/ (already 

included if explode Health Promotion/ 
Program$.tw. 

Promotion Health Promotion/ Promot$.tw. 
Education Education/ Educat$.tw. 
Behaviour change Health promotion/; Health education/ Behavio?r change.mp. 
Aerobic exercise  Exercise/ ((exercise$ adj3 aerobic$) OR aerobics).tw. 
Physical Exertion Physical Exertion/ Physical Exertion/ 
Physical Education 
and Training; 

Physical Education and Training/ exp Physical Education and Training/ 

Physical activity Motor activity/ Motor activity/ + (physical$ adj5 (fit$ OR 
train$ OR activ$ OR endur$ OR 
exertion$)).tw. 

Exercise Exercise/ exp Exercise/ + (exercis$ adj5 (train$ OR 
physical$ OR activ$)).tw. 

Exercise Therapy Exercise Therapy/ exp Exercise Therapy/ 
Physical fitness Physical fitness/ Physical fitness/ 
Sport Sports/ exp Sports/ + sport$.tw. 
Walk Walking/ Walk$.tw. 
Bicycle Bicycling/ (already includes in exploded 

Sports/) 
Bicycl$.tw. 

Dancing Dancing/ Dancing/ 
Sedentar* Exercise/ Sedentar*.mp. 
Inactivity Sedentary Lifestyle/ exp Sedentary Lifestyle/ + inactiv*.mp. 
Life style Life style/ ((lifestyle OR life-style) adj5 physical$).tw. 

+ ((lifestyle OR life-style) adj5 activ$).tw. 
Proof of concept  ((proof adj concept) or (proof of adj 

concept)).mp. 
Pilot Pilot projects/ exp Pilot projects/ 
Usability  Usability.mp.  
acceptability  acceptability.mp. 
feasibility Feasibility studies/ exp feasibility studies/ 
evaluation Evaluation Studies as Topic/ exp Evaluation Studies as Topic/ 
Intervention Intervention Studies/ exp Intervention Studies/ 
Randomized 
controlled trial 

Randomized Controlled Trial/ Randomized Controlled Trial.pt 

Controlled clinical  Controlled clinical trial.pt 
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trial 
Random sample  randomi?ed.ab. 
Quasi-Experimental 
Stud* 

 Quasi-Experimental Stud*.mp. 

Placebo  Placebos/ Placebo.ab. 
Trial Clinical Trial/; Controlled Clinical Trial/ Trial.ab. 
Randomly  Randomly.ab. 
groups  Groups.ab. 
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Database # Search Terms & Strategy 
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/ = Subject heading; 
 
.mp. = title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, 
protocol supplementary concept, rare disease 
supplementary concept, unique identifier; 
 
.tw. = Text Word includes Title (TI) and Abstract 
(AB); 
 
.sh. = MeSH Subject Heading - Medical Subject 
Headings used by indexers at the National Library of 
Medicine (NLM) to describe the content of an article. 
NLM's MeSH terms are organized in a hierarchy, or 
"tree" structure; 
 
.pt. – Publication Type classifications as reviews, 
clinical trials, directories and letters; 
 
 
ADJn operator = records that contain your terms (in 
any order) within a specified number (n) of words of 
each other; 
 
 
* = unlimited right-hand truncation; 
 
 
? = optional wild card stands for zero or one characters 
within a word or at the end of a word; 
 
 

01  exp Multimedia/ 
02 Interactive media.mp. 
03 exp Cellular phone/ 
04 mobile devices.mp. 
05 exp computers, handheld/ 
06 exp Telemedicine/ 
07 m-Health.mp. 
08 mhealth.mp. 
09 mobile health.mp. 
10 Telehealth.mp. 
11 exp internet/ 
12 web.mp. 
13 exp electronic mail/ 
14 SMS.mp. 
15 exp Text messaging/ 
16 Short message service.mp. 
17 text messag*.mp. 
18 txt.mp. 
19 MMS.mp. 
20 Multimedia message service.mp. 
21 Handheld device*.mp. 
22 Cell phone*.mp. 
23 Mobile phone*.mp. 
24 Mobile app*.mp. 
25 Smartphone*.mp. 
26 Smartphone app*.mp. 
27 tablet computer*.mp. 
28 iPad.mp. 
29 iPod touch.mp. 
30 exp Wireless Technology/ 
31 exp Monitoring, Ambulatory/ 
32 exp Remote Sensing Technology/ 
33 BodyMedia.mp. 
34 Fitbit.mp. 
35 LarkLife.mp. 
36 Misfit Shine.mp. 
37 Nike+ FuelBand.mp. 
38 SYNC Burn.mp. 
39 Up by Jawbone.mp. 
40 Withings Pulse.mp. 
41 Zamzee.mp. 
42 AIRO band.mp. 
43 Health Education/ 
44 exp Health Promotion/ 
45 Primary prevention/ 
46 Primary Health Care/ 
47 Patient education as Topic/ 
48 Behavior Therapy/ 
49 Cognitive Therapy/ 
50 Workplace/ 
51 Schools/ 
52 Home.mp. 
53 Program$.tw. 
54 Promot$.tw. 
55 Educat$.tw. 
56 Behavio?r change.mp. 
57 exp Motor activity/ 
58 Physical Exertion/ 
59 exp Exercise/ 
60 exp Exercise Therapy/ 
61 Physical fitness/ 
62 exp "Physical Education and Training"/ 
63 exp Sports/ 
64 Dancing/ 
65 (physical$ adj5 (fit$ or train$ or activ$ or 

endur$ or exertion$)).tw. 
66 (exercis$ adj5 (train$ or physical$ or 

activ$)).tw. 
67 ((exercise$ adj3 aerobic$) or aerobics).tw. 
68 sport$.tw. 
69 walk$.tw. 
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70 Bicycl$.tw. 
71 Sedentar*.mp. 
72 exp Sedentary Lifestyle/ 
73 inactiv*.mp. 
74 ((lifestyle or life-style) adj5 physical$).tw. 
75 ((lifestyle or life-style) adj5 activ$).tw. 
76 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 

65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 
73 or 74 or 75 

77 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 
51 or 52 or 53 or 54 or 55 or 56 

78 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 14 or 15 
or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 
or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 
or 32 

79 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 
41 or 42 

80 1 or 2 or 11 or 12 or 13 
81 76 and 77 
82 78 and 81 
83 79 or 82 
84 78 and 80 
85 81 and 84 
86 83 or 85 
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Search Term “Map Term to Subject Heading” Database thesaurus info 
DECISION 

Multimedia Multimedia/ exp Multimedia/ 

Interactive media Interactive tutorial/ Interactive media.mp 
Mobile devices Cellular phone/; computers, handheld/ exp Cellular phone/ + mobile devices.mp.  
PDA computers, handheld/ exp computers, handheld/ 
Cellular Phone Cellular phone/ (subject heading already included) 
m-Health Telemedicine/ exp Telemedicine/ + m-Health.mp. 
mhealth Telemedicine/ mhealth.mp. 
Mobile health Telemedicine/ mobile health.mp. 
telemedicine Telemedicine/ (subject heading already included) 
telehealth Telemedicine/ Telehealth.mp. 
internet Internet/ exp internet/ 
web Internet/ web.mp. 
e-mail Electronic mail/ exp electronic mail/ 
electronic mail Electronic mail/ (subject heading already included) 
SMS  SMS.mp. 
Short message service Text Messaging/ exp Text messaging/ + Short message 

service.mp. 
Text messag* Text Messaging/ text messag*.mp. 
txt  txt.mp. 
MMS  MMS.mp. 
Multimedia message 
service 

Text Messaging/;  Cellular Phone/ Multimedia message service.mp. 

Handheld device* Computers, handheld/ Handheld device*.mp. 
Cell phone* Cellular phone/ Cell phone*.mp 
Mobile phone* Cellular phone/ Mobile phone*.mp. 
Mobile app* Cellular phone/; Computers, Handheld/; 

Software/; Medical Informatics Applications 
Mobile app*.mp. 

Smartphone*.mp. Cellular phone/; Computers, Handheld/; Smartphone*.mp. 
Smartphone app* Cellular phone/; Computers, Handheld/; 

Medical Informatics Applications/; Medical 
Informatics/ 

Smartphone app*.mp. 

tablet computer* computers, handheld/ tablet computer*.mp. 
iPad computers, handheld/ iPad.mp. 
iPod touch computers, handheld/; Cellular Phone/ iPod touch.mp. 
Wireless Technology Wireless Technology/ exp Wireless Technology/ 
Wearable activity 
tracker 

Monitoring, Ambulatory/; Telemedicine/ exp Monitoring, Ambulatory/ 

sensing Remote Sensing Technology/ exp Remote Sensing Technology 
Pedometer* Monitoring, Ambulatory/ Pedometer*.mp. 
Accelerometer* Accelerometry/ exp Accelerometry/ + Accelerometer*.mp. 
gyroscope*  gyroscope*.mp. 
inclinometer*  Inclinometer*.mp. 
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BodyMedia Monitoring, Ambulatory/; Life style/ BodyMedia.mp. 
Fitbit Actigraphy/; Monitoring, Ambulatory/ exp Actigraphy/ + Fitbit.mp. 
LarkLife  LarkLife.mp. 
Misfit Shine  Misfit Shine.mp. 
Nike+ FuelBand  Nike+ FuelBand.mp. 
SYNC Burn  SYNC Burn.mp. 
Up by Jawbone  Up by Jawbone.mp. 
Withings Pulse  Withings Pulse.mp. 
Zamzee  Zamzee.mp. 
AIRO  AIRO.mp. 
Health Education Health Education/ Health Education/ 
Patient education Patient education as Topic/ Patient education as Topic/ 
Primary prevention Primary prevention/ Primary prevention/ 
Health promotion Health Promotion/ exp Health Promotion/ 
Behaviour Therapy Behavior Therapy/ Behavior Therapy/ 
Cognitive Therapy Cognitive Therapy/ Cognitive Therapy/ 
Primary Health Care Primary Health Care/ Primary Health Care/ 
Workplace Workplace/ Workplace/ 
Schools Schools/ Schools/ 
Home  Home.mp. 
Program Healthy People Programs/ (already included 

if explode Health Promotion/ 
Program$.tw. 

Promotion Health Promotion/ Promot$.tw. 
Education Education/ Educat$.tw. 
Behaviour change Health promotion/; Health education/ Behavio?r change.mp. 
Aerobic exercise  Exercise/ ((exercise$ adj3 aerobic$) OR aerobics).tw. 
Physical Exertion Physical Exertion/ Physical Exertion/ 
Physical Education 
and Training; 

Physical Education and Training/ exp Physical Education and Training/ 

Physical activity Motor activity/ Motor activity/ + (physical$ adj5 (fit$ OR 
train$ OR activ$ OR endur$ OR 
exertion$)).tw. 

Exercise Exercise/ exp Exercise/ + (exercis$ adj5 (train$ OR 
physical$ OR activ$)).tw. 

Exercise Therapy Exercise Therapy/ exp Exercise Therapy/ 
Physical fitness Physical fitness/ Physical fitness/ 
Sport Sports/ exp Sports/ + sport$.tw. 
Walk Walking/ Walk$.tw. 
Bicycle Bicycling/ (already includes in exploded 

Sports/) 
Bicycl$.tw. 

Dancing Dancing/ Dancing/ 
Sedentar* Exercise/ Sedentar*.mp. 
Inactivity Sedentary Lifestyle/ exp Sedentary Lifestyle/ + inactiv*.mp. 
Life style Life style/ ((lifestyle OR life-style) adj5 physical$).tw. 

+ ((lifestyle OR life-style) adj5 activ$).tw. 
Proof of concept   
Pilot   
Usability   
acceptability   
feasibility   
evaluation   
Intervention   
Randomized controlled 
trial 

  

Controlled clinical trial   
Random sample   
Quasi-Experimental 
Stud* 
 

  

Placebo    
Trial   
Randomly   
groups   
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Database # Search Terms & Strategy 
E
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/ = Subject heading; 
 
.mp. = title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, 
protocol supplementary concept, rare disease 
supplementary concept, unique identifier; 
 
.tw. = Text Word includes Title (TI) and Abstract 
(AB); 
 
.sh. = MeSH Subject Heading - Medical Subject 
Headings used by indexers at the National Library of 
Medicine (NLM) to describe the content of an article. 
NLM's MeSH terms are organized in a hierarchy, or 
"tree" structure; 
 
.pt. – Publication Type classifications as reviews, 
clinical trials, directories and letters; 
 
 
ADJn operator = records that contain your terms (in 
any order) within a specified number (n) of words of 
each other; 
 
 
* = unlimited right-hand truncation; 
 
 
? = optional wild card stands for zero or one 
characters within a word or at the end of a word; 
 
 

01  exp Multimedia/ 
02 Interactive media.mp. 
03 exp mobile phone/ 
04 mobile devices.mp. 
05 exp microcomputer/ 
06 Telemedicine/ 
07 m-Health.mp. 
08 mhealth.mp. 
09 mobile health.mp. 
10 exp Telehealth/ 
11 exp internet/ 
12 web.mp. 
13 exp e-mail/ 
14 SMS.mp. 
15 exp Text messaging/ 
16 Short message service.mp. 
17 text messag*.mp. 
18 txt.mp. 
19 MMS.mp. 
20 Multimedia message service.mp. 
21 Handheld device*.mp. 
22 Cell phone*.mp. 
23 Mobile phone*.mp. 
24 Mobile app*.mp. 
25 Smartphone*.mp. 
26 Smartphone app*.mp. 
27 tablet computer*.mp. 
28 iPad.mp. 
29 iPod touch.mp. 
30 exp wireless communication/ 
31 exp Monitoring, Ambulatory/ 
32 exp biosensor/ 
33 exp Remote Sensing/ 
34 BodyMedia.mp. 
35 Fitbit.mp. 
36 LarkLife.mp. 
37 Misfit Shine.mp. 
38 Nike+ FuelBand.mp. 
39 SYNC Burn.mp. 
40 Up by Jawbone.mp. 
41 Withings Pulse.mp. 
42 Zamzee.mp. 
43 AIRO band.mp. 
44 Health Education/ 
45 Health Promotion/ 
46 Primary prevention/ 
47 Primary Health Care/ 
48 Patient education/ 
49 Behavior Therapy/ 
50 Cognitive Therapy/ 
51 Workplace/ 
52 School/ 
53 Home/ 
54 Program*.tw. 
55 Promot*.tw. 
56 Educat*.tw. 
57 exp Behavior change/ 
58 exp "Physical activity, capacity and 

performance"/ 
59 exp kinesiotherapy/ 
60 fitness/ 
61 Physical Education/ 
62 exp Sports/ 
63 Dancing/ 
64 (physical* adj5 (fit* or train* or activ* or 

endur* or exert*)).tw. 
65 (exercise* adj5 (train* or physical* or 

active*)).tw. 
66 ((exercise* adj3 aerobic*) or aerobic*).tw. 
67 sport*.tw. 
68 walk*.tw. 
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69 Bicycl*.tw. 
70 Sedentar*.mp. 
71 Sedentary Lifestyle/ 
72 inactiv*.mp. 
73 ((lifestyle or life-style) adj5 physical*).tw. 
74 ((lifestyle or life-style) adj5 activ*).tw. 
75 Randomized Controlled Trial/ 
76 controlled clinical trial/ 
77 Random$.tw. 
78 allocat$.tw. 
79 Quasi Experimental Stud$.tw. 
80 factorial$.tw. 
81 cross over$.tw. 
82 crossover$.tw. 
83 cross-over$.tw. 
84 Placebo$.tw. 
85 (doubl$ adj blind$).tw. 
86 (singl$ adj blind$).tw. 
87 assign$.tw. 
88 volunteer$.tw. 
89 Crossover procedure/ 
90 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 

66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 
74 

91 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 
52 or 53 or 54 or 55 or 56 or 57 

92 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 14 or 15 
or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 
or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 
or 32 or 33 

93 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 
42 or 43 

94 1 or 2 or 11 or 12 or 13 
95 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 

83 or 84 or 85 or 86 or 87 or 88 or 89 
96 90 and 91 
97 92 and 96 
98 93 or 97 
99 92 and 94 
100 96 and 99 
101 (animal/ or nonhuman/) not human/ 
102 95 not 101 
103 100 and 102 
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Search Term “Map Term to Subject Heading” Database thesaurus info 
DECISION 

Multimedia Multimedia/ exp Multimedia/ 
Interactive media  Interactive media.mp 
Mobile devices mobile phone/ exp mobile phone/ + mobile devices.mp.  
PDA microcomputer/ (used for handheld 

computer) 
exp microcomputer/ 

Cellular Phone mobile phone/ (subject heading already included) 
m-Health Telemedicine/ Telemedicine/ + m-Health.mp. 
mhealth Telemedicine/ mhealth.mp. 
Mobile health Telemedicine/ mobile health.mp. 
telemedicine Telemedicine/ (subject heading already included) 
telehealth Telehealth/ exp Telehealth/ 
internet Internet/ exp internet/ 
web Internet/ web.mp. 
e-mail e-mail/ exp e-mail/ 
electronic mail e-mail/ (subject heading already included) 
SMS  SMS.mp. 
Short message 
service 

Text Messaging/ exp Text messaging/ + Short message service.mp. 

Text messag* Text Messaging/ text messag*.mp. 
txt  txt.mp. 
MMS  MMS.mp. 
Multimedia 
message service 

Text Messaging/;  Mobile Phone/ Multimedia message service.mp. 

Handheld device* microcomputer/ Handheld device*.mp. 
Cell phone* mobile phone/; telephone/ Cell phone*.mp 
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Mobile phone* mobile phone/ Mobile phone*.mp. 
Mobile app* mobile phone/; microcomputer/; Medical 

Informatics/ 
Mobile app*.mp. 

Smartphone* mobile phone/; microcomputer/ Smartphone*.mp. 
Smartphone app* mobile phone/; microcomputer/; Medical 

Informatics/ ; wireless communication/ 
Smartphone app*.mp. 

tablet computer* microcomputer/ tablet computer*.mp. 
iPad microcomputer/ iPad.mp. 
iPod touch microcomputer/ iPod touch.mp. 
Wireless 
Technology 

wireless communication/ exp wireless communication/ 

Wearable activity 
tracker 

Ambulatory monitoring/; biosensor/ exp Monitoring, Ambulatory/ +  exp biosensor/ 

Remote sensing Remote Sensing/ exp Remote Sensing/ 
Pedometer*   
Accelerometer*   
gyroscope*   
inclinometer*   
BodyMedia Actimetry/; Lifestyle/ BodyMedia.mp. 
Fitbit Actimetry/;accelerometer/; monitoring/ Fitbit.mp. 
LarkLife  LarkLife.mp. 
Misfit Shine  Misfit Shine.mp. 
Nike+ FuelBand  Nike+ FuelBand.mp. 
SYNC Burn  SYNC Burn.mp. 
Up by Jawbone  Up by Jawbone.mp. 
Withings Pulse  Withings Pulse.mp. 
Zamzee  Zamzee.mp. 
AIRO band  AIRO band.mp. 
Health Education Health Education/ Health Education/ 
Patient education Patient education/ Patient education/ 
Primary prevention Primary prevention/ Primary prevention/ 
Health promotion Health promotion/ Health Promotion/ 
Behaviour Therapy Behavior Therapy/ Behavior Therapy/ 
Cognitive Therapy Cognitive Therapy/ Cognitive Therapy/ 
Primary Health 
Care 

Primary Health Care/ Primary Health Care/ 

Workplace Workplace/ Workplace/ 
School School/ School/ 
Home Home/ Home/ 
Program Education program/; health program/ Program*.tw. 
Promotion Health Promotion/ Promot*.tw. 
Education Education/ Educat*.tw. 
Behaviour change Behavior change/ exp Behavior change/ 
Exercise Exercise/; Physical activity, capacity and 

performance/ is a broader term 
(exercise* adj5 (train* OR physical* OR 
active*)).tw. 

Aerobic exercise  Exercise/; Aerobic exercise/ ((exercise* adj3 aerobic*) OR aerobic*).tw. 
Physical fitness fitness/ fitness/ 
Physical Exertion Exercise/  
Physical Education Physical Education/ Physical Education/ 
Physical activity Physical activity, capacity and 

performance/ 
exp Physical activity, capacity and  performance/ 
+ (physical* adj5 (fit* OR train* OR activ* OR 
endur* OR exert*)).tw. 

Exercise Therapy kinesiotherapy/ exp kinesiotherapy/ 
Sport Sports/ exp Sports/ + sport*.tw. 
Walk Walking/ Walk*.tw. 
Bicycle Bicycling/ Bicycl*.tw. 
Dancing Dancing/ Dancing/ 
Sedentar* Sedentary lifestyle/; lifestyle/ Sedentary lifestyle/ + Sedentar*.mp. 
Inactivity Physical activity/ inactiv*.mp. 
Life style Lifestyle/ ((lifestyle OR life-style) adj5 physical*).tw. + 

((lifestyle OR life-style) adj5 activ*).tw. 
Proof of concept   
Pilot   
Usability   
acceptability   
feasibility   
evaluation   
Intervention   
Randomized 
controlled trial 

Randomized Controlled Trial/ Randomized Controlled Trial/ 

Controlled clinical 
trial 

Controlled clinical trial/ (randomized 
controlled trial is a narrower term) 

Controlled clinical trial/ 
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Random sample Random sample/ Random$.tw. + allocat$.tw. 
Quasi-
Experimental 
Study 

Quasi Experimental Study/ Quasi Experimental Stud$.tw. + factorial$.tw. + 
crossover$.tw. + cross over$.tw. + cross-over$.tw. 

Placebo  Placebo/ Placebo$.tw. 
Trial Controlled Clinical Trial/ (doubl$ adj blind$).tw. + (singl$ adj blind$).tw. + 

assign$.tw. + volunteer$.tw. 
Crossover 
procedure 

Crossover procedure/ Crossover procedure/ 
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Database # Search Terms & Strategy 
Ps

yc
IN

FO
  O

vi
dS

P 

 
 
 
/ = Subject heading; 
 
.mp. = title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, 
protocol supplementary concept, rare disease 
supplementary concept, unique identifier; 
 
.tw. = Text Word includes Title (TI) and Abstract (AB); 
 
.sh. = MeSH Subject Heading - Medical Subject 
Headings used by indexers at the National Library of 
Medicine (NLM) to describe the content of an article. 
NLM's MeSH terms are organized in a hierarchy, or 
"tree" structure; 
 
.pt. – Publication Type classifications as reviews, clinical 
trials, directories and letters; 
 
 
ADJn operator = records that contain your terms (in any 
order) within a specified number (n) of words of each 
other; 
 
 
* = unlimited right-hand truncation; 
 
 
? = optional wild card stands for zero or one characters 
within a word or at the end of a word; 
 
 

01  exp Multimedia/ 
02 Human Computer Interaction/ 
03 Interactive media.mp. 
04 exp mobile devices/ 
05 exp microcomputers/ 
06 exp Telemedicine/ 
07 m-Health.mp. 
08 mhealth.mp. 
09 mobile health.mp. 
10 Telehealth.mp. 
11 exp internet/ 
12 Websites/ 
13 web.mp. 
14 Computer mediated communication/ 
15 e-mail.mp. 
16 SMS.mp. 
17 exp Electronic Communication/ 
18 Short message service.mp. 
19 text messag*.mp. 
20 txt.mp. 
21 MMS.mp. 
22 Multimedia message service.mp. 
23 Handheld device*.mp. 
24 Cell phone*.mp. 
25 Mobile phone*.mp. 
26 Mobile app*.mp. 
27 Smartphone*.mp. 
28 Smartphone app*.mp. 
29 tablet computer*.mp. 
30 iPad.mp. 
31 iPod touch.mp. 
32 Wireless Technology.mp. 
33 Wearable activity tracker.mp. 
34 Remote Sensing.mp. 
35 BodyMedia.mp. 
36 Fitbit.mp. 
37 LarkLife.mp. 
38 Misfit Shine.mp. 
39 Nike+ FuelBand.mp. 
40 SYNC Burn.mp. 
41 Up by Jawbone.mp. 
42 Withings Pulse.mp. 
43 Zamzee.mp. 
44 AIRO band.mp. 
45 Health Education/ 
46 Health Promotion/ 
47 prevention/ 
48 Primary Health Care/ 
49 Client education/ 
50 Behavior Therapy/ 
51 Cognitive Therapy/ 
52 cognitive behavior therapy/ 
53 Workplace*.tw. 
54 Schools/ 
55 Home*.tw. 
56 Program*.tw. 
57 Promot*.tw. 
58 Educat*.tw. 
59 exp Behavior change/ 
60 exp Exercise/ 
61 (exercis* adj5 (train* or physical* or 

activ*)).tw. 
62 ((exercise* adj3 aerobic*) or aerobic*).tw. 
63 Physical fitness/ 
64 Physical Education/ 
65 Physical activity/ 
66 (physical* adj5 (fit* or train* or activ* or 

endur* or exert*)).tw. 
67 exp Sports/ 
68 sport*.tw. 
69 walk*.tw. 
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70 Bicycl*.tw. 
71 Sedentar*.mp. 
72 inactiv*.mp. 
73 ((lifestyle or life-style) adj5 physical*).tw. 
74 ((lifestyle or life-style) adj5 activ*).tw. 
75 Clinical trials/ 
76 Random*.tw. 
77 allocat*.tw. 
78 Quasi Experimental Stud*.tw. 
79 factorial*.tw. 
80 cross over*.tw. 
81 crossover*.tw. 
82 cross-over*.tw. 
83 Placebo*.tw. 
84 Trial.ab. 
85 (doubl* adj blind*).tw. 
86 (singl* adj blind*).tw. 
87 assign*.tw. 
88 volunteer*.tw. 
89 groups.ab. 
90 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 

68 or 69 or 70 or 71 or 72 or 73 or 74 
91 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 

53 or 54 or 55 or 56 or 57 or 58 or 59 
92 1 or 2 or 3 or 11 or 12 or 13 or 14 or 15 
93 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 

43 or 44 
94 4 or 5 or 6 or 7 or 8 or 9 or 10 or 16 or 17 or 

18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 
26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 
34 

95 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 
83 or 84 or 85 or 86 or 87 or 88 or 89 

96 90 and 91 
97 94 and 96 
98 93 or 97 
99 92 and 94 
100 96 and 99 
101 98 or 100 
102 95 and 101 

 

Ps
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Search Term “Map Term to Subject Heading” Database thesaurus info 
DECISION 

Multimedia Multimedia/ exp Multimedia/ 
Interactive media Human Computer Interaction/;  Human Computer Interaction/ +  Interactive 

media.mp. 
Mobile devices Mobile Devices/ exp mobile devices/ 
PDA microcomputers/ exp microcomputers/ 
Cellular Phone Cellular Phones/  (mobile devices/ is a broader term) 
m-Health Telemedicine/ exp Telemedicine/ + m-Health.mp. 
mhealth Telemedicine/ mhealth.mp. 
Mobile health Telemedicine/ mobile health.mp. 
telemedicine Telemedicine/ (subject heading already included) 
telehealth Telemedicine/ Telehealth.mp. 
internet Internet/ exp internet/ 
web Internet/; websites/ Websites/ + web.mp. 
e-mail Computer mediated communication/ Computer mediated communication/ + e-

mail.mp. 
electronic mail Computer mediated communication/ (subject heading already included) 
SMS  SMS.mp. 
Short message 
service 

Electronic Communication/ exp Electronic Communication/  + Short 
message service.mp. 

Text messag*  text messag*.mp. 
txt Electronic Communication/ txt.mp. 
MMS  MMS.mp. 
Multimedia 
message service 

 Multimedia message service.mp. 

Handheld device* mobile devices/ Handheld device*.mp. 
Cell phone* Cellular Phones/ Cell phone*.mp 
Mobile phone* Cellular Phones/ Mobile phone*.mp. 
Mobile app* Cellular Phones/; mobile devices/ Mobile app*.mp. 
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Smartphone* Cellular Phones/; mobile devices/ Smartphone*.mp. 
Smartphone app* mobile phone/; microcomputer/; Medical 

Informatics/ ; wireless communication/ 
Smartphone app*.mp. 

tablet computer* Human Computer Interaction/ tablet computer*.mp. 
iPad Computer Assisted Instruction/ iPad.mp. 
iPod touch Mobile Devices/ iPod touch.mp. 
Wireless 
Technology 

Telemedicine/ Wireless Technology.mp. 

Wearable activity 
tracker 

 Wearable activity tracker.mp. 

Remote sensing  Remote Sensing.mp. 
Pedometer*   
Accelerometer*   
gyroscope*   
inclinometer*   
BodyMedia  BodyMedia.mp. 
Fitbit  Fitbit.mp. 
LarkLife  LarkLife.mp. 
Misfit Shine  Misfit Shine.mp. 
Nike+ FuelBand  Nike+ FuelBand.mp. 
SYNC Burn  SYNC Burn.mp. 
Up by Jawbone  Up by Jawbone.mp. 
Withings Pulse  Withings Pulse.mp. 
Zamzee  Zamzee.mp. 
AIRO band   AIRO band.mp. 
Health Education Health Education/ Health Education/ 
Patient education Client education/ Client education/ 
Primary prevention Prevention/ prevention/ 
Health promotion Health promotion/ Health Promotion/ 
Behaviour Therapy Behavior Therapy/ Behavior Therapy/ 
Cognitive Therapy Cognitive Therapy/; cognitive behavior 

therapy/ 
Cognitive Therapy/ + cognitive behavior 
therapy/ 

Primary Health 
Care 

Primary Health Care/ Primary Health Care/ 

Workplace  Workplace*.tw. 
School Schools/ Schools/ 
Home  Home*.tw. 
Program  Program*.tw. 
Promotion Health Promotion/ Promot*.tw. 
Education Education/ Educat*.tw. 
Behaviour change Behavior change/ exp Behavior change/ 
Exercise Exercise/; Physical activity, capacity and 

performance/ is a broader term 
exp Exercise/ + (exercis* adj5 (train* OR 
physical* OR activ*)).tw. 

Aerobic exercise  Exercise/; Aerobic exercise/ is a narrower term ((exercise* adj3 aerobic*) OR aerobic*).tw. 
Physical fitness Physical fitness/ Physical fitness/ 
Physical Education Physical Education/ Physical Education/ 
Physical activity Physical activity/ Physical activity/ + (physical* adj5 (fit* OR 

train* OR activ* OR endur* OR exert*)).tw. 
Sport Sports/ exp Sports/ + sport*.tw. 
Walk Walking/ Walk*.tw. 
Bicycle  Bicycl*.tw. 
Dancing Dance/  
Sedentar* lifestyle/ Sedentar*.mp. 
Inactivity Activity Level/ inactiv*.mp. 
Life style Lifestyle/ ((lifestyle OR life-style) adj5 physical*).tw. + 

((lifestyle OR life-style) adj5 activ*).tw. 
Proof of concept   
Pilot   
Usability   
acceptability   
feasibility   
evaluation   
Intervention   
Randomized 
controlled trial 

Clinical trials/ Clinical trials/ 

Controlled clinical 
trial 

Clinical trials/  

Random sample Random sampling/ Random*.tw. + allocat*.tw. 
Quasi-Experimental 
Study 

 Quasi Experimental Stud*.tw. + factorial*.tw. 
+ crossover*.tw. + cross over*.tw. + cross-
over*.tw. 

Placebo  Placebo/ Placebo*.tw. 
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Trial  Trial.ab. + (doubl* adj blind*).tw. + (singl* 
adj blind*).tw. + assign*.tw. + volunteer*.tw. 
+ groups.ab. 
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Database # Search Terms & Strategy 
C

IN
A

H
L

 P
lu

s w
ith

 F
ul

l T
ex

t E
B

SC
O

 

 
 
 
/ = Subject heading; 
 
TX = All Text  
 
TI = Title 
 
AB = Abstract 
 
MH Exact Subject Heading 
 
Near Operator (N) - N5 finds the 
words if they are within five 
words of one another regardless 
of the order in which they 
appear. 
 
Within Operator (W) finds the 
words if they are within x words 
of one another and in the order 
in which you entered them. 
 
* = unlimited right-hand 
truncation; 
 
 
? = optional wild card stands for 
zero or one characters within a 
word or at the end of a word; 
 
MH “xxxxx+” = explode term 
 
PT = publication type 
 
 

01  (MH "Multimedia")   
02 "interactive media"   
03 "mobile devices"   
04 (MH "Computers, Hand-Held")   
05 (MH "Wireless Communications")   
06 "m-Health"   
07 "mhealth"   
08 "Mobile health"   
09 (MH "Telemedicine+")   
10 (MH "Telehealth+")   
11 (MH "Internet+")   
12 "web"   
13 (MH "Electronic Mail")   
14 "email"   
15 "SMS"   
16 (MH "Text Messaging")   
17 "short message service"   
18 "Text messag*"   
19 "txt"   
20 "MMS"   
21 "Multimedia message service"   
22 "Handheld device*"   
23 "Cell phone*"   
24 "Mobile phone*"   
25 "Mobile app*"   
26 "Smartphone*"   
27 "Smartphone app*"   
28 (MH "Computers, Portable+")   
29 "tablet computer*"   
30 "iPad"   
31 "iPod touch"   
32 "Wireless Technology"   
33 "Wearable activity tracker"   
34 "Remote sensing"   
35 "BodyMedia"   
36 "Fitbit"   
37 "LarkLife"   
38 "Misfit Shine"   
39 "Nike+ FuelBand"   
40 "SYNC Burn"   
41 "Up by Jawbone"   
42 "Withings Pulse"   
43 "Zamzee"   
44 "AIRO band"   
45 (MH "Health Education")   
46 (MH "Patient Education")   
47 (MH "Primary Health Care")   
48 (MH "Health Promotion")   
49 (MH "Behavior Therapy+")   
50 (MH "Work Environment")   
51 (MH "Schools")   
52 "Home"   
53 (TI promot* OR educat* OR program*) OR (AB promot* OR 

educat* OR program*)   
54 (MH "Behavioral Changes")   
55 (MH "Exercise+")   
56 (TI exercis* N5 (train* OR physical* OR activ*))   
57 (AB exercis* N5 (train* OR physical* OR activ*))   
58 (MH "Physical Fitness")   
59 (MH "Physical Education and Training")   
60 (MH "Exertion")   
61 (MH "Therapeutic Exercise+")   
62 (MH "Sports+")   
63 (MH "Dancing+")   
64 (TI physical* N5 (fit* OR train* OR activ* OR endur* OR exert*)) 

OR (AB physical* N5 (fit* OR train* OR activ* OR endur* OR 
exert*))   

65 (TI sport* OR walk* OR bicycl* OR exercis* OR aerobic*) OR (AB 
sport* OR walk* OR bicycl* OR exercis* OR aerobic*)   

66 (MH "Life Style, Sedentary")   
67 "Sedentar*"   
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68 "inactiv*"   
69 (TI (lifestyle* OR life-style*) N5 (physical* OR activ*)) OR (AB 

(lifestyle* OR life-style*) N5 (physical* OR activ*))   
70 (MH "Clinical Trials+")   
71 PT clinical trial   
72 TX (clinic* N1 trial?)   
73 TX random*   
74 (MH "Placebos")   
75 TX placebo*   
76 (MH "Quasi-Experimental Studies")   
77 TX assign*   
78 TX control*   
79 TX allocat*   
80 S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S15 OR 

S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR 
S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR 
S32 OR S33 OR S34   

81 S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR 
S43 OR S44   

82 S1 OR S2 OR S11 OR S12 OR S13 OR S14   
83 S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR 

S53 OR S54   
84 S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61 OR S62 OR 

S63 OR S64 OR S65 OR S66 OR S67 OR S68 OR S69   
85 S70 OR S71 OR S72 OR S73 OR S74 OR S75 OR S76 OR S77 OR 

S78 OR S79   
86 S83 AND S84   
87 S80 AND S86   
88 S81 OR S87   
89 S80 AND S82   
90 S86 AND S89   
91 S88 OR S90   
92 S85 AND S91   

 

C
IN

A
H

L
 P

lu
s w

ith
 F

ul
l T

ex
t E

B
SC

O
 

Search Term “Suggest Subject Terms” Database thesaurus info 
DECISION 

Multimedia Multimedia (MH "Multimedia") 
Interactive media  "Interactive media" 
Mobile devices  “Mobile devices” 
PDA Computers, Hand-Held (MH "Computers, Hand-Held")   
Cellular Phone Wireless Communications (MH "Wireless Communications") 
m-Health  "m-Health" 
mhealth  "mhealth"   
Mobile health  "Mobile health" 
telemedicine Telemedicine; Telehealth (MH "Telemedicine+") + (MH "Telehealth+")  
telehealth Telemedicine; Telehealth (subject heading already included) 
internet Internet (MH "Internet+")   
web World Wide Web;  “web” 
e-mail Electronic Mail (MH "Electronic Mail") + “e-mail” 
electronic mail Electronic Mail (subject heading already included) 
SMS  "SMS"  
Short message 
service 

Text Messaging (MH "Text Messaging")  + "short message service" 

Text messag* Text Messaging  "Text messag*"   
txt  "txt"  
MMS  "MMS" 
Multimedia 
message service 

Text messaging "Multimedia message service" 

Handheld device*  "Handheld device*"   
Cell phone* Wireless Communications;  "Cell phone*" 
Mobile phone* Wireless Communications; "Mobile phone*" 
Mobile app*  "Mobile app*" 
Smartphone*  "Smartphone*" 
Smartphone app*  "Smartphone app*"  
tablet computer* Computers, Portable (MH "Computers, Portable+") + "tablet computer*"  
iPad  "iPad" 
iPod touch  "iPod touch" 
Wireless 
Technology 

 "Wireless Technology" 

Wearable activity 
tracker 
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Remote sensing  "Remote sensing" 
Pedometer*   
Accelerometer*   
gyroscope*   
inclinometer*   
BodyMedia  "BodyMedia"   
Fitbit  "Fitbit"   
LarkLife  "LarkLife"  
Misfit Shine  "Misfit Shine" 
Nike+ FuelBand  "Nike+ FuelBand" 
SYNC Burn  "SYNC Burn" 
Up by Jawbone  "Up by Jawbone" 
Withings Pulse  "Withings Pulse" 
Zamzee  "Zamzee" 
AIRO band   "AIRO band" 
Health Education Health Education (MH "Health Education")   
Patient education Patient education (MH "Patient Education") 
Primary prevention Primary Health Care (MH "Primary Health Care") 
Health promotion Health promotion (MH "Health Promotion") 
Behaviour Therapy Behavior Therapy (MH "Behavior Therapy+") 
Cognitive Therapy Cognitive Therapy (Behavior Therapy is 

broader) 
 

Primary Health 
Care 

Primary Health Care (subject heading already included) 

Workplace Work Environment (MH "Work Environment") 
School Schools (MH "Schools") 
Home  "Home"   
Program  AB Program* + TI Program* 
Promotion Health promotion AB Promot* + TI Promot* 
Education Education AB Educat* + TI Educat* 
Behaviour change Behavioral Changes (MH "Behavioral Changes") 
Exercise Exercise (MH "Exercise+") + (TI exercis* N5 (train* OR 

physical* OR activ*)) + (AB exercis* N5 (train* OR 
physical* OR activ*)) 

Aerobic exercise  Aerobic exercises (Exercise is a broader 
term) 

 

Physical fitness Physical fitness (MH "Physical Fitness") 
(TI physical* N5 (fit* OR train* OR activ* OR 
endur* OR exert*)) OR (AB physical* N5 (fit* OR 
train* OR activ* OR endur* OR exert*)) 

Physical Education Physical Education and Training  (MH "Physical Education and Training")   
Therapeutic 
Exercise 

Therapeutic exercise (MH "Therapeutic Exercise+")   

Exertion Exertion (MH "Exertion")   
Dancing Dancing (MH "Dancing+") 
Sport Sports (MH "Sports+")   
Walk Walking (TI sport* OR walk* OR bicycl* OR exercis* OR 

aerobic*) OR (AB sport* OR walk* OR bicycl* OR 
exercis* OR aerobic*) 

Bicycle Cycling (already incorporated in previous) 
Sedentar* Life Style, Sedentary (MH "Life Style, Sedentary") + "Sedentar*"   
Inactiv*  "inactiv*" 
Life style Life Style (TI (lifestyle* OR life-style*) N5 (physical* OR 

activ*)) OR  (AB (lifestyle* OR life-style*) N5 
(physical* OR activ*)) 

Proof of concept   
Pilot   
Usability   
acceptability   
feasibility   
evaluation   
Intervention   
Randomized 
controlled trial 

Randomized Controlled Trials (Clinical 
Trials is a broader term) 

 

Controlled clinical 
trial 

Clinical trials (MH "Clinical Trials+") + PT clinical trial + TX 
(clinic* N1 trial?) 

Random sample Random sample TX random* 
Quasi-
Experimental 
Study 

Quasi-Experimental Studies  (MH "Quasi-Experimental Studies") 

Placebo  Placebos (MH "Placebos") + TX placebo* + TX assign* + TX 
control* + TX allocat* 
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Database # Search Terms & Strategy 

W
eb

 o
f S

ci
en

ce
 - 

D
at

ab
as

es
=S

C
I-

E
X

PA
N

D
E

D
, S

SC
I, 

A
&

H
C

I, 
C

PC
I-

S,
 C

PC
I-

SS
H

 T
im

es
pa

n=
A

ll 
ye

ar
s 

 
Only 
allows 
saving 40 
sets of 
searches 
 
 
TS= Topic 
 
TI= Title 
 
Boolean 
Operators: 
AND, OR, 
NOT, 
SAME, 
NEAR 

01  TS=( Multimedia OR  interactive media OR Internet OR Web OR Electronic Mail OR 
email)  

02 TS=(mobile device* OR PDA OR Cellular Phone* OR  m-Health OR mhealth OR Mobile 
health OR Telemedicine OR Telehealth OR SMS OR short message service OR Text 
messag* OR txt OR MMS OR Multimedia message service OR Handheld device* OR Cell 
phone* OR Mobile phone* OR Mobile app* OR Smartphone* OR Smartphone app* OR 
tablet computer* OR iPad OR iPod touch OR Wireless Technology OR Wearable activity 
tracker OR Remote sensing) 

03 TS=(BodyMedia OR Fitbit OR LarkLife OR Misfit Shine OR Nike+ FuelBand OR SYNC 
Burn OR Up by Jawbone OR Withings Pulse OR Zamzee OR AIRO band) 

04 TS=(Health educat* OR patient* educat* OR Primary prevent* OR Primary health care OR 
Cognitive Therap*) 

05 TS=( Health NEAR/2 Promot*) 
06 TS=((Behavior NEAR/2 Therap*) OR (Behaviour NEAR/2 Therap*)) 
07 TS=(workplace*) 
08 TS=(school*) 
09 TS=(home) 
10 TI=(promot* OR educat* OR program*) 
11 TS=((Behavior NEAR/2 Chang*) OR (Behaviour NEAR/2 Chang*)) 
12 TS=(physical* NEAR/5 (fit* OR train* OR activ* OR endur* OR exert*)) 
13 TS=(exercis* NEAR/5 (train* OR physical* OR activ*)) 
14 TS=((exercis* NEAR/2 aerobic*) OR aerobic*) 
15 TS=(exercis*) 
16 TS=(exercis* therap*) 
17 TS=(Physical* educat*) 
18 TS=(sport* OR danc* OR walk* OR bicycl*) 
19 TS=((Lifestyle* OR life-style*) NEAR/5 (active* OR physical* OR sedentar*)) 
20 TS=(Sedentar*) 
21 TS=(inactiv*) 
22 TS=(trial* OR clinical trial* OR random* OR allocat* OR assign* OR blind* OR placebo* 

OR cross over* OR crossover OR cross-over* OR quasi-experimental stud*) 
23 #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 
24 #21 OR #20 OR #19 OR #18 OR #17 OR #16 OR #15 OR #14 OR #13 OR #12 
25 #24 AND #23 
26 #25 AND #2 
27 #26 OR #3 
28 #2 AND #1 
29 #28 AND #25 
30 #29 OR #27 
31 #30 AND #22 
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Database # Search Terms & Strategy 
Pu

bm
ed

 

 
 
 
/ = Subject heading; 
 
.mp. = title, abstract, 
original title, name of 
substance word, subject 
heading word, keyword 
heading word, protocol 
supplementary concept, 
rare disease 
supplementary concept, 
unique identifier; 
 
.tw. = Text Word includes 
Title (TI) and Abstract 
(AB); 
 
.sh. = MeSH Subject 
Heading - Medical 
Subject Headings used by 
indexers at the National 
Library of Medicine 
(NLM) to describe the 
content of an article. 
NLM's MeSH terms are 
organized in a hierarchy, 
or "tree" structure; 
 
.pt. – Publication Type 
classifications as reviews, 
clinical trials, directories 
and letters; 
 
 
ADJn operator = records 
that contain your terms 
(in any order) within a 
specified number (n) of 
words of each other; 
 
 
* = unlimited right-hand 
truncation; 
 
 
? = optional wild card 
stands for zero or one 
characters within a word 
or at the end of a word; 
 
 

01   "Multimedia"[Mesh] 
02  “Interactive media”[Text Word] 
03  “Mobile devices”[Text Word] 
04  “computers, handheld”[Mesh] 
05  “Cellular Phone”[Mesh] 
06  “mhealth"[Text Word] 
07  “m-Health”[Text Word] 
08  “mobile health”[Text Word] 
09  “Telemedicine”[Mesh] 
10  “Telehealth”[Text Word] 
11  “Internet”[Mesh] 
12  “Web”[Text Word] 
13  “electronic mail”[Mesh] 
14  “e-mail”[Text Word] 
15  “SMS”[Text Word] 
16  “Text messaging”[Mesh] 
17  “Short message service”[Text Word] 
18  “text messag*”[Text Word] 
19  “txt”[Text Word] 
20  “MMS”[Text Word] 
21  “Multimedia message service”[Text Word] 
22  “Handheld device*”[Text Word] 
23  “Cell phone*”[Text Word] 
24  “Mobile phone”[Text Word] 
25  “Mobile app”[Text Word] 
26  “Smartphone*”[Text Word] 
27  “Smartphone app*”[Text Word] 
28  “tablet computer*”[Text Word] 
29  “iPad”[Text Word] 
30  “iPod touch”[Text Word] 
31  “Wireless Technology”[Mesh] 
32  “Wearable activity tracker”[Text Word] 
33  “BodyMedia”[Text Word] 
34  “Fitbit”[Text Word] 
35  “LarkLife”[Text Word] 
36  “Misfit Shine”[Text Word] 
37  “Nike+ FuelBand”[Text Word] 
38  “SYNC Burn”[Text Word] 
39  “Up by Jawbone”[Text Word] 
40  “Withings Pulse”[Text Word] 
41  “Zamzee”[Text Word] 
42  “AIRO band”[Text Word] 
43  “Health Education”[Mesh] 
44  “Patient education as Topic”[Mesh] 
45  “Primary prevention”[Mesh] 
46  “Health Promotion”[Mesh] 
47  “Behavior Therapy”[Mesh] 
48  “Cognitive Therapy”[Mesh] 
49  “Primary Health Care”[Mesh] 
50  “Workplace”[Mesh] 
51  “Schools”[Mesh] 
52  “Home”[Text Word] 
53  “Program$”[Text Word] 
54  “Promot$”[Text Word] 
55  “Educat$”[Text Word] 
56  “Behaviour change”[Text Word] 
57  “Behavior change”[Text Word] 
58  “Exercise”[Mesh] 
59  “Physical Exertion”[Mesh] 
60  “aerobic$”[Text Word] 
61  “Physical Education and Training”[Mesh] 
62  “Motor activity”[Mesh] 
63  “physical activity”[Text Word] 
64  “physically active”[Text Word] 
65  “Physical endurance”[Text Word] 
66  “Physical exertion”[Text Word] 
67  “Physical Exercise”[Text Word] 
68  “Exercise Therapy”[Mesh] 
69  “Physical fitness”[Mesh] 
70  “Sports”[Mesh] 
71  “sport$”[Text Word] 
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72  “Walk$”[Text Word] 
73  “Bicycl$”[Text Word] 
74  “Dancing”[Text Word] 
75  “Sedentary Lifestyle”[Mesh] 
76  “active lifestyle”[Text Word] 
77  “active life style”[Text Word] 
78  Randomized Controlled Trial[Publication Type] 
79  Controlled clinical trial[Publication Type] 
80  “randomized”[Abstract] 
81  “randomised”[Abstract] 
82  “randomly”[Abstract] 
83  “Quasi-Experimental Study”[Text Word] 
84  “Placebo”[Abstract] 
85  “Trial”[Abstract] 
86  “Cross-Over Studies”[Mesh] 
87  “Groups”[Abstract] 
88 (((((((((((((((((((((((((“Mobile devices”[Text Word]) OR “computers, 

handheld”[Mesh]) OR “Cellular Phone”[Mesh]) OR “mhealth"[Text Word]) 
OR “m-Health”[Text Word]) OR “mobile health”[Text Word]) OR 
“Telemedicine”[Mesh]) OR “Telehealth”[Text Word]) OR “SMS”[Text 
Word]) OR “Text messaging”[Mesh]) OR “Short message service”[Text 
Word]) OR “text messag*”[Text Word]) OR “txt”[Text Word]) OR 
“MMS”[Text Word]) OR “Multimedia message service”[Text Word]) OR 
“Handheld device*”[Text Word]) OR “Cell phone*”[Text Word]) OR “Mobile 
phone”[Text Word]) OR “Mobile app”[Text Word]) OR “Smartphone*”[Text 
Word]) OR “Smartphone app*”[Text Word]) OR “tablet computer*”[Text 
Word]) OR “iPad”[Text Word]) OR “iPod touch”[Text Word]) OR “Wireless 
Technology”[Mesh]) OR “Wearable activity tracker”[Text Word] 

89 (((((((((“BodyMedia”[Text Word]) OR “Fitbit”[Text Word]) OR 
“LarkLife”[Text Word]) OR “Misfit Shine”[Text Word]) OR “Nike+ 
FuelBand”[Text Word]) OR “SYNC Burn”[Text Word]) OR “Up by 
Jawbone”[Text Word]) OR “Withings Pulse”[Text Word]) OR “Zamzee”[Text 
Word]) OR “AIRO band”[Text Word] 

90 ((((("Multimedia"[Mesh]) OR “Interactive media”[Text Word]) OR 
“Internet”[Mesh]) OR “Web”[Text Word]) OR “electronic mail”[Mesh]) OR 
“e-mail”[Text Word] 

91 (((((((((((((“Health Education”[Mesh]) OR “Patient education as 
Topic”[Mesh]) OR “Primary prevention”[Mesh]) OR “Health 
Promotion”[Mesh]) OR “Cognitive Therapy”[Mesh]) OR “Primary Health 
Care”[Mesh]) OR “Workplace”[Mesh]) OR “Schools”[Mesh]) OR 
“Home”[Text Word]) OR “Program$”[Text Word]) OR “Promot$”[Text 
Word]) OR “Educat$”[Text Word]) OR “Behaviour change”[Text Word]) OR 
“Behavior change”[Text Word] 

92 ((((((((((((((((((((“Exercise”[Mesh]) OR “Physical Exertion”[Mesh]) OR 
“aerobic$”[Text Word]) OR (“Physical Education and Training”[Mesh])) OR 
“Motor activity”[Mesh]) OR “physical activity”[Text Word]) OR “physically 
active”[Text Word]) OR “Physical endurance”[Text Word]) OR “Physical 
exertion”[Text Word]) OR “Physical Exercise”[Text Word]) OR “Exercise 
Therapy”[Mesh]) OR “Physical fitness”[Mesh]) OR “Sports”[Mesh]) OR 
“sport$”[Text Word]) OR “Walk$”[Text Word]) OR “Bicycl$”[Text Word]) 
OR “Dancing”[Text Word]) OR “Sedentary Lifestyle”[Mesh])) OR “active 
lifestyle”[Text Word]) OR “active life style”[Text Word] 

93 (((((((((Randomized Controlled Trial[Publication Type]) OR Controlled 
clinical trial[Publication Type]) OR “randomized”[Abstract]) OR 
“randomised”[Abstract]) OR “randomly”[Abstract]) OR “Quasi-Experimental 
Study”[Text Word]) OR “Placebo”[Abstract]) OR “Trial”[Abstract]) OR 
“Cross-Over Studies”[Mesh]) OR “Groups”[Abstract] 

94 (((((((((((((((((((((((“Exercise”[Mesh]) OR “Physical Exertion”[Mesh]) OR 
“aerobic$”[Text Word]) OR (“Physical Education and Training”[Mesh])) OR 
“Motor activity”[Mesh]) OR “physical activity”[Text Word]) OR “physically 
active”[Text Word]) OR “Physical endurance”[Text Word]) OR “Physical 
exertion”[Text Word]) OR “Physical Exercise”[Text Word]) OR “Exercise 
Therapy”[Mesh]) OR “Physical fitness”[Mesh]) OR “Sports”[Mesh]) OR 
“sport$”[Text Word]) OR “Walk$”[Text Word]) OR “Bicycl$”[Text Word]) 
OR “Dancing”[Text Word]) OR “Sedentary Lifestyle”[Mesh])) OR “active 
lifestyle”[Text Word]) OR “active life style”[Text Word])) AND 
((((((((((((((“Health Education”[Mesh]) OR “Patient education as 
Topic”[Mesh]) OR “Primary prevention”[Mesh]) OR “Health 
Promotion”[Mesh]) OR “Cognitive Therapy”[Mesh]) OR “Primary Health 
Care”[Mesh]) OR “Workplace”[Mesh]) OR “Schools”[Mesh]) OR 
“Home”[Text Word]) OR “Program$”[Text Word]) OR “Promot$”[Text 
Word]) OR “Educat$”[Text Word]) OR “Behaviour change”[Text Word]) OR 
“Behavior change”[Text Word])) 

95 (((((((((((((((((((((((((“Exercise”[Mesh]) OR “Physical Exertion”[Mesh]) OR 
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“aerobic$”[Text Word]) OR (“Physical Education and Training”[Mesh])) OR 
“Motor activity”[Mesh]) OR “physical activity”[Text Word]) OR “physically 
active”[Text Word]) OR “Physical endurance”[Text Word]) OR “Physical 
exertion”[Text Word]) OR “Physical Exercise”[Text Word]) OR “Exercise 
Therapy”[Mesh]) OR “Physical fitness”[Mesh]) OR “Sports”[Mesh]) OR 
“sport$”[Text Word]) OR “Walk$”[Text Word]) OR “Bicycl$”[Text Word]) 
OR “Dancing”[Text Word]) OR “Sedentary Lifestyle”[Mesh])) OR “active 
lifestyle”[Text Word]) OR “active life style”[Text Word])) AND 
((((((((((((((“Health Education”[Mesh]) OR “Patient education as 
Topic”[Mesh]) OR “Primary prevention”[Mesh]) OR “Health 
Promotion”[Mesh]) OR “Cognitive Therapy”[Mesh]) OR “Primary Health 
Care”[Mesh]) OR “Workplace”[Mesh]) OR “Schools”[Mesh]) OR 
“Home”[Text Word]) OR “Program$”[Text Word]) OR “Promot$”[Text 
Word]) OR “Educat$”[Text Word]) OR “Behaviour change”[Text Word]) OR 
“Behavior change”[Text Word]))) AND ((((((((((((((((((((((((((“Mobile 
devices”[Text Word]) OR “computers, handheld”[Mesh]) OR “Cellular 
Phone”[Mesh]) OR “mhealth"[Text Word]) OR “m-Health”[Text Word]) OR 
“mobile health”[Text Word]) OR “Telemedicine”[Mesh]) OR 
“Telehealth”[Text Word]) OR “SMS”[Text Word]) OR “Text 
messaging”[Mesh]) OR “Short message service”[Text Word]) OR “text 
messag*”[Text Word]) OR “txt”[Text Word]) OR “MMS”[Text Word]) OR 
“Multimedia message service”[Text Word]) OR “Handheld device*”[Text 
Word]) OR “Cell phone*”[Text Word]) OR “Mobile phone”[Text Word]) OR 
“Mobile app”[Text Word]) OR “Smartphone*”[Text Word]) OR “Smartphone 
app*”[Text Word]) OR “tablet computer*”[Text Word]) OR “iPad”[Text 
Word]) OR “iPod touch”[Text Word]) OR “Wireless Technology”[Mesh]) OR 
“Wearable activity tracker”[Text Word]) 

96 (((((((((((((((((((((((((“Exercise”[Mesh]) OR “Physical Exertion”[Mesh]) OR 
“aerobic$”[Text Word]) OR (“Physical Education and Training”[Mesh])) OR 
“Motor activity”[Mesh]) OR “physical activity”[Text Word]) OR “physically 
active”[Text Word]) OR “Physical endurance”[Text Word]) OR “Physical 
exertion”[Text Word]) OR “Physical Exercise”[Text Word]) OR “Exercise 
Therapy”[Mesh]) OR “Physical fitness”[Mesh]) OR “Sports”[Mesh]) OR 
“sport$”[Text Word]) OR “Walk$”[Text Word]) OR “Bicycl$”[Text Word]) 
OR “Dancing”[Text Word]) OR “Sedentary Lifestyle”[Mesh])) OR “active 
lifestyle”[Text Word]) OR “active life style”[Text Word])) AND 
((((((((((((((“Health Education”[Mesh]) OR “Patient education as 
Topic”[Mesh]) OR “Primary prevention”[Mesh]) OR “Health 
Promotion”[Mesh]) OR “Cognitive Therapy”[Mesh]) OR “Primary Health 
Care”[Mesh]) OR “Workplace”[Mesh]) OR “Schools”[Mesh]) OR 
“Home”[Text Word]) OR “Program$”[Text Word]) OR “Promot$”[Text 
Word]) OR “Educat$”[Text Word]) OR “Behaviour change”[Text Word]) OR 
“Behavior change”[Text Word]))) AND ((((((((((((((((((((((((((“Mobile 
devices”[Text Word]) OR “computers, handheld”[Mesh]) OR “Cellular 
Phone”[Mesh]) OR “mhealth"[Text Word]) OR “m-Health”[Text Word]) OR 
“mobile health”[Text Word]) OR “Telemedicine”[Mesh]) OR 
“Telehealth”[Text Word]) OR “SMS”[Text Word]) OR “Text 
messaging”[Mesh]) OR “Short message service”[Text Word]) OR “text 
messag*”[Text Word]) OR “txt”[Text Word]) OR “MMS”[Text Word]) OR 
“Multimedia message service”[Text Word]) OR “Handheld device*”[Text 
Word]) OR “Cell phone*”[Text Word]) OR “Mobile phone”[Text Word]) OR 
“Mobile app”[Text Word]) OR “Smartphone*”[Text Word]) OR “Smartphone 
app*”[Text Word]) OR “tablet computer*”[Text Word]) OR “iPad”[Text 
Word]) OR “iPod touch”[Text Word]) OR “Wireless Technology”[Mesh]) OR 
“Wearable activity tracker”[Text Word]) OR ((((((((((“BodyMedia”[Text 
Word]) OR “Fitbit”[Text Word]) OR “LarkLife”[Text Word]) OR “Misfit 
Shine”[Text Word]) OR “Nike+ FuelBand”[Text Word]) OR “SYNC 
Burn”[Text Word]) OR “Up by Jawbone”[Text Word]) OR “Withings 
Pulse”[Text Word]) OR “Zamzee”[Text Word]) OR “AIRO band”[Text 
Word]) 

97 (((((((((((((((((((((((((((“Mobile devices”[Text Word]) OR “computers, 
handheld”[Mesh]) OR “Cellular Phone”[Mesh]) OR “mhealth"[Text Word]) 
OR “m-Health”[Text Word]) OR “mobile health”[Text Word]) OR 
“Telemedicine”[Mesh]) OR “Telehealth”[Text Word]) OR “SMS”[Text 
Word]) OR “Text messaging”[Mesh]) OR “Short message service”[Text 
Word]) OR “text messag*”[Text Word]) OR “txt”[Text Word]) OR 
“MMS”[Text Word]) OR “Multimedia message service”[Text Word]) OR 
“Handheld device*”[Text Word]) OR “Cell phone*”[Text Word]) OR “Mobile 
phone”[Text Word]) OR “Mobile app”[Text Word]) OR “Smartphone*”[Text 
Word]) OR “Smartphone app*”[Text Word]) OR “tablet computer*”[Text 
Word]) OR “iPad”[Text Word]) OR “iPod touch”[Text Word]) OR “Wireless 
Technology”[Mesh]) OR “Wearable activity tracker”[Text Word])) AND 
(((((("Multimedia"[Mesh]) OR “Interactive media”[Text Word]) OR 
“Internet”[Mesh]) OR “Web”[Text Word]) OR “electronic mail”[Mesh]) OR 
“e-mail”[Text Word]) 
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98 (((((((((((((((((((((((((((((“Mobile devices”[Text Word]) OR “computers, 
handheld”[Mesh]) OR “Cellular Phone”[Mesh]) OR “mhealth"[Text Word]) 
OR “m-Health”[Text Word]) OR “mobile health”[Text Word]) OR 
“Telemedicine”[Mesh]) OR “Telehealth”[Text Word]) OR “SMS”[Text 
Word]) OR “Text messaging”[Mesh]) OR “Short message service”[Text 
Word]) OR “text messag*”[Text Word]) OR “txt”[Text Word]) OR 
“MMS”[Text Word]) OR “Multimedia message service”[Text Word]) OR 
“Handheld device*”[Text Word]) OR “Cell phone*”[Text Word]) OR “Mobile 
phone”[Text Word]) OR “Mobile app”[Text Word]) OR “Smartphone*”[Text 
Word]) OR “Smartphone app*”[Text Word]) OR “tablet computer*”[Text 
Word]) OR “iPad”[Text Word]) OR “iPod touch”[Text Word]) OR “Wireless 
Technology”[Mesh]) OR “Wearable activity tracker”[Text Word])) AND 
(((((("Multimedia"[Mesh]) OR “Interactive media”[Text Word]) OR 
“Internet”[Mesh]) OR “Web”[Text Word]) OR “electronic mail”[Mesh]) OR 
“e-mail”[Text Word]))) AND ((((((((((((((((((((((((“Exercise”[Mesh]) OR 
“Physical Exertion”[Mesh]) OR “aerobic$”[Text Word]) OR (“Physical 
Education and Training”[Mesh])) OR “Motor activity”[Mesh]) OR “physical 
activity”[Text Word]) OR “physically active”[Text Word]) OR “Physical 
endurance”[Text Word]) OR “Physical exertion”[Text Word]) OR “Physical 
Exercise”[Text Word]) OR “Exercise Therapy”[Mesh]) OR “Physical 
fitness”[Mesh]) OR “Sports”[Mesh]) OR “sport$”[Text Word]) OR 
“Walk$”[Text Word]) OR “Bicycl$”[Text Word]) OR “Dancing”[Text Word]) 
OR “Sedentary Lifestyle”[Mesh])) OR “active lifestyle”[Text Word]) OR 
“active life style”[Text Word])) AND ((((((((((((((“Health Education”[Mesh]) 
OR “Patient education as Topic”[Mesh]) OR “Primary prevention”[Mesh]) OR 
“Health Promotion”[Mesh]) OR “Cognitive Therapy”[Mesh]) OR “Primary 
Health Care”[Mesh]) OR “Workplace”[Mesh]) OR “Schools”[Mesh]) OR 
“Home”[Text Word]) OR “Program$”[Text Word]) OR “Promot$”[Text 
Word]) OR “Educat$”[Text Word]) OR “Behaviour change”[Text Word]) OR 
“Behavior change”[Text Word])) 

 

 

99 (((((((((((((((((((((((((((“Exercise”[Mesh]) OR “Physical Exertion”[Mesh]) OR 
“aerobic$”[Text Word]) OR (“Physical Education and Training”[Mesh])) OR 
“Motor activity”[Mesh]) OR “physical activity”[Text Word]) OR “physically 
active”[Text Word]) OR “Physical endurance”[Text Word]) OR “Physical 
exertion”[Text Word]) OR “Physical Exercise”[Text Word]) OR “Exercise 
Therapy”[Mesh]) OR “Physical fitness”[Mesh]) OR “Sports”[Mesh]) OR 
“sport$”[Text Word]) OR “Walk$”[Text Word]) OR “Bicycl$”[Text Word]) 
OR “Dancing”[Text Word]) OR “Sedentary Lifestyle”[Mesh])) OR “active 
lifestyle”[Text Word]) OR “active life style”[Text Word])) AND 
((((((((((((((“Health Education”[Mesh]) OR “Patient education as 
Topic”[Mesh]) OR “Primary prevention”[Mesh]) OR “Health 
Promotion”[Mesh]) OR “Cognitive Therapy”[Mesh]) OR “Primary Health 
Care”[Mesh]) OR “Workplace”[Mesh]) OR “Schools”[Mesh]) OR 
“Home”[Text Word]) OR “Program$”[Text Word]) OR “Promot$”[Text 
Word]) OR “Educat$”[Text Word]) OR “Behaviour change”[Text Word]) OR 
“Behavior change”[Text Word])) AND ((((((((((((((((((((((((((“Mobile 
devices”[Text Word]) OR “computers, handheld”[Mesh]) OR “Cellular 
Phone”[Mesh]) OR “mhealth"[Text Word]) OR “m-Health”[Text Word]) OR 
“mobile health”[Text Word]) OR “Telemedicine”[Mesh]) OR 
“Telehealth”[Text Word]) OR “SMS”[Text Word]) OR “Text 
messaging”[Mesh]) OR “Short message service”[Text Word]) OR “text 
messag*”[Text Word]) OR “txt”[Text Word]) OR “MMS”[Text Word]) OR 
“Multimedia message service”[Text Word]) OR “Handheld device*”[Text 
Word]) OR “Cell phone*”[Text Word]) OR “Mobile phone”[Text Word]) OR 
“Mobile app”[Text Word]) OR “Smartphone*”[Text Word]) OR “Smartphone 
app*”[Text Word]) OR “tablet computer*”[Text Word]) OR “iPad”[Text 
Word]) OR “iPod touch”[Text Word]) OR “Wireless Technology”[Mesh]) OR 
“Wearable activity tracker”[Text Word]))) OR ((((((((((“BodyMedia”[Text 
Word]) OR “Fitbit”[Text Word]) OR “LarkLife”[Text Word]) OR “Misfit 
Shine”[Text Word]) OR “Nike+ FuelBand”[Text Word]) OR “SYNC 
Burn”[Text Word]) OR “Up by Jawbone”[Text Word]) OR “Withings 
Pulse”[Text Word]) OR “Zamzee”[Text Word]) OR “AIRO band”[Text 
Word]))) OR (((((((((((((((((((((((((((((“Mobile devices”[Text Word]) OR 
“computers, handheld”[Mesh]) OR “Cellular Phone”[Mesh]) OR 
“mhealth"[Text Word]) OR “m-Health”[Text Word]) OR “mobile health”[Text 
Word]) OR “Telemedicine”[Mesh]) OR “Telehealth”[Text Word]) OR 
“SMS”[Text Word]) OR “Text messaging”[Mesh]) OR “Short message 
service”[Text Word]) OR “text messag*”[Text Word]) OR “txt”[Text Word]) 
OR “MMS”[Text Word]) OR “Multimedia message service”[Text Word]) OR 
“Handheld device*”[Text Word]) OR “Cell phone*”[Text Word]) OR “Mobile 
phone”[Text Word]) OR “Mobile app”[Text Word]) OR “Smartphone*”[Text 
Word]) OR “Smartphone app*”[Text Word]) OR “tablet computer*”[Text 
Word]) OR “iPad”[Text Word]) OR “iPod touch”[Text Word]) OR “Wireless 
Technology”[Mesh]) OR “Wearable activity tracker”[Text Word])) AND 
(((((("Multimedia"[Mesh]) OR “Interactive media”[Text Word]) OR 
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“Internet”[Mesh]) OR “Web”[Text Word]) OR “electronic mail”[Mesh]) OR 
“e-mail”[Text Word]))) AND (((((((((((((((((((((((“Exercise”[Mesh]) OR 
“Physical Exertion”[Mesh]) OR “aerobic$”[Text Word]) OR (“Physical 
Education and Training”[Mesh])) OR “Motor activity”[Mesh]) OR “physical 
activity”[Text Word]) OR “physically active”[Text Word]) OR “Physical 
endurance”[Text Word]) OR “Physical exertion”[Text Word]) OR “Physical 
Exercise”[Text Word]) OR “Exercise Therapy”[Mesh]) OR “Physical 
fitness”[Mesh]) OR “Sports”[Mesh]) OR “sport$”[Text Word]) OR 
“Walk$”[Text Word]) OR “Bicycl$”[Text Word]) OR “Dancing”[Text Word]) 
OR “Sedentary Lifestyle”[Mesh])) OR “active lifestyle”[Text Word]) OR 
“active life style”[Text Word])) AND ((((((((((((((“Health Education”[Mesh]) 
OR “Patient education as Topic”[Mesh]) OR “Primary prevention”[Mesh]) OR 
“Health Promotion”[Mesh]) OR “Cognitive Therapy”[Mesh]) OR “Primary 
Health Care”[Mesh]) OR “Workplace”[Mesh]) OR “Schools”[Mesh]) OR 
“Home”[Text Word]) OR “Program$”[Text Word]) OR “Promot$”[Text 
Word]) OR “Educat$”[Text Word]) OR “Behaviour change”[Text Word]) OR 
“Behavior change”[Text Word])) 

 

 
Pu

bM
ed

 

Search Term MeSH Term Database thesaurus info 
DECISION 

Multimedia Multimedia "Multimedia"[Mesh] 
Interactive media  “Interactive media”[Text Word] 
Mobile devices  “Mobile devices”[Text Word] 
PDA computers, handheld “computers, handheld”[Mesh] 
Cellular Phone Cellular phone “Cellular Phone”[Mesh] 
m-Health  “m-Health”[Text Word] 
mhealth  “mhealth"[Text Word] 
Mobile health Telemedicine “mobile health”[Text Word] + “Telemedicine”[Mesh] 
telemedicine Telemedicine  
telehealth  “Telehealth”[Text Word] 
internet Internet “Internet”[Mesh] 
web  “Web”[Text Word] 
e-mail Electronic mail “electronic mail”[Mesh] + “e-mail”[Text Word] 
electronic mail  (subject heading already included) 
SMS  “SMS”[Text Word] 
Short message 
service 

Text Messaging “Text messaging”[Mesh] + “Short message service”[Text Word] 

Text messag*  “text messag*”[Text Word] 
txt  “txt”[Text Word] 
MMS  “MMS”[Text Word] 
Multimedia message 
service 

 “Multimedia message service”[Text Word] 

Handheld device*  “Handheld device*”[Text Word] 
Cell phone* Cellular phone “Cell phone*”[Text Word] 
Mobile phone* Cellular phone “Mobile phone”[Text Word] 
Mobile app*  “Mobile app”[Text Word] 
Smartphone*  “Smartphone*”[Text Word] 
Smartphone app*  “Smartphone app*”[Text Word] 
tablet computer*  “tablet computer*”[Text Word] 
iPad  “iPad”[Text Word] 
iPod touch  “iPod touch”[Text Word] 
Wireless Technology Wireless Technology “Wireless Technology”[Mesh] 
Wearable activity 
tracker 

 “Wearable activity tracker”[Text Word] 

sensing   
Pedometer*   
Accelerometer*   
gyroscope*   
inclinometer*   
BodyMedia  “BodyMedia”[Text Word] 
Fitbit  “Fitbit”[Text Word] 
LarkLife  “LarkLife”[Text Word] 
Misfit Shine  “Misfit Shine”[Text Word] 
Nike+ FuelBand  “Nike+ FuelBand”[Text Word] 
SYNC Burn  “SYNC Burn”[Text Word] 
Up by Jawbone  “Up by Jawbone”[Text Word] 
Withings Pulse  “Withings Pulse”[Text Word] 
Zamzee  “Zamzee”[Text Word] 
AIRO  “AIRO band”[Text Word] 
Health Education Health Education “Health Education”[Mesh] 
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Patient education Patient education as 
Topic 

“Patient education as Topic”[Mesh] 

Primary prevention Primary prevention “Primary prevention”[Mesh] 
Health promotion Health Promotion “Health Promotion”[Mesh] 
Behaviour Therapy Behavior Therapy “Behavior Therapy”[Mesh] 
Cognitive Therapy Cognitive Therapy “Cognitive Therapy”[Mesh] 
Primary Health Care Primary Health Care “Primary Health Care”[Mesh] 
Workplace Workplace “Workplace”[Mesh] 
Schools Schools “Schools”[Mesh] 
Home  “Home”[Text Word] 
Program  “Program$”[Text Word] 
Promotion Health Promotion “Promot$”[Text Word] 
Education Education “Educat$”[Text Word] 
Behaviour change  “Behaviour change”[Text Word] + “Behavior change”[Text Word] 
Aerobic exercise  Exercise “Exercise”[Mesh] + “aerobic$”[Text Word] 
Physical Exertion Physical Exertion “Physical Exertion”[Mesh] 
Physical Education 
and Training; 

Physical Education 
and Training 

“Physical Education and Training”[Mesh] 

Physical activity Motor Activity “Motor activity”[Mesh] + “physical activity”[Text Word] + 
“physically active”[Text Word] + “Physical endurance”[Text 
Word] + “Physical exertion”[Text Word] 

Exercise Exercise “Physical Exercise”[Text Word] 
Exercise Therapy Exercise Therapy “Exercise Therapy”[Mesh] 
Physical fitness Physical fitness “Physical fitness”[Mesh] 
Sport Sports “Sports”[Mesh] + “sport$”[Text Word] 
Walk Walking “Walk$”[Text Word] 
Bicycle Bicycling “Bicycl$”[Text Word] 
Dancing Dancing “Dancing”[Text Word] 
Sedentar* Sedentary Lifestyle “Sedentary Lifestyle”[Mesh] 
Inactivity   
Life style Life style “active lifestyle”[Text Word] + “active life style”[Text Word] 
Proof of concept   
Pilot   
Usability   
acceptability   
feasibility   
evaluation   
Intervention Intervention Studies  
Randomized 
controlled trial 

 Randomized Controlled Trial[Publication Type] 

Controlled clinical 
trial 

 Controlled clinical trial[Publication Type] 

Random sample Random allocation “randomized”[Abstract] + “randomised”[Abstract] + 
“randomly”[Abstract] 

Quasi-Experimental 
Stud* 
 

 “Quasi-Experimental Stud*”[Text Word] 

Placebo  Placebos “Placebo”[Abstract] 
Trial Clinical Trial/; 

Controlled Clinical 
Trial/ 

“Trial”[Abstract] + “Cross-Over Studies”[Mesh] + 
“Groups”[Abstract] 
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Appendix 1.2 Characteristics of Included Studies 

 

Adams 2013   

Methods Two arms randomised controlled trial, 36 weeks intervention period. Trial registration: NCT01793064 
Participants N = 20, n = 10 intervention, n = 10 comparator; inactive overweight adults, 85% women, M = 36.9 ± 9.2 

years, 35% non-white 
Interventions Intervention: Pedometer + Adaptive Intervention + email with health info brochures + SMS/email with 

message prompt encouraging PA every 9 days + differential daily feedback messages + feedback points & 
financial incentives for step goal accomplishments 
Comparator: Pedometer + Static Intervention + email with health info brochures + SMS/email with 
message prompt encouraging PA every 9 days + encouraging upload messages + escalating financial 
incentives for upload 

Outcomes Steps/day, objectively measured via pedometer 
Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.5. Review behavior goal(s), 2.2. Feedback on behavior, 2.3. 
Self-monitoring of behavior, 3.1 Social support (unspecified), 4.1. Instruction on how to perform the 
behavior, 5.1. Information about health consequences, 7.1. Prompts/cues, 8.7. Graded tasks, 9.1. Credible 
source, 10.2. Material reward (behavior), 12.5. Adding objects to the environment 
Comparator: 1.1. Goal setting (behavior), 2.2. Feedback on behavior, 2.3. Self-monitoring of behavior, 3.1 
Social support (unspecified), 4.1. Instruction on how to perform the behavior, 5.1. Information about health 
consequences, 7.1. Prompts/cues, 9.1. Credible source, 10.2. Material reward (behavior), 12.5. Adding 
objects to the environment 

Inclusion criteria Between 18 and 65 years old, inactive (less than 1000 metabolic equivalent of task (MET)-minutes/week 
reported on International Physical Activity Questionnaire (IPAQ) and overweight (body mass index ≥25) 

Exclusion criteria BMI >45, unable to walk unassisted, had a medical condition (assessed by Physical Activity Readiness 
Questionnaire (PAR-Q)), pregnant, using pharmaceuticals (except birth control), currently participating in 
a commercial/research-related diet/exercise program, could not speak and read English, did not have 
computer and internet access daily 

Risk of Bias Judgement Support for judgement 
Random sequence 
generation  

Low risk "Participants were randomly assigned in sequential order....A 1:1 random allocation was 
determined by the first author using a computer generated random number sequence." 

Allocation 
concealment 

Unclear risk "Participants and investigators were not blinded to intervention assignment." No 
information given about whether investigators were blinded pre-assignment. 

Blinding of 
participants and 
personnel 

High risk Results paper: "Participants and investigators were not blinded to intervention 
assignment and no adverse events were reported during the trial." 
Trial registry: "Masking: Single Blind (Subject)" 

Blinding of 
outcome 
assessment 

Unclear risk Step counts were uploaded by the participants. The primary outcome was measured 
objectively, unclear impact on participants' response to social desirability; other outcomes 
were self-reported. 

Incomplete 
outcome data  

Low risk "Intent-to-treat procedures without imputation were used to preserve random 
assignment." Study participants: n=20, analysis included n=20 

Selective reporting High risk Trial registry: "Primary outcome measures: physical activity measured daily over 6 
months by Omron pedometers. Secondary outcome measures: Satisfaction survey." 
Results paper: "During the blinded baseline phase, the Static Intervention group 
averaged 5,364 (SD = 1,145) steps/day and the Adaptive Intervention group averaged 
4,555 (SD = 843) steps/day. During the intervention phase, the SI group averaged 6,348 
(SD=671) steps/day and the AI group averaged 6,760 (SD=1,078) steps/ day. This 
outcome represents a 984 steps/day (18%) improvement for the SI group and a 2,205 
step/day (48%) improvement for the AI group;". Secondary outcomes were not presented 
in the results paper. 

Other bias Low risk Analyses adjusted for baseline values and outcome assessed using a validated measure 
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Allen 2013   

Methods Four arms randomised controlled trial, 36 weeks intervention period 
Participants 68 obese adults (SP+IC n = 16, SP+LIC n = 17, SP n = 17, IC n = 18; 78% female, 49% African American, 

M = 45 ± 11 years, BMI = 34.3 ± 3.9 Kg/m2) 
Interventions Intervention Smartphone + Intensive Counseling (SP + IC): Lose It! App + intensive counseling 

Intervention Smartphone + Less Intensive Counseling (SP + LIC): Lose It! App + less intensive counseling 
twice 1st month and monthly 2nd-6th month 
Intervention Smartphone alone (SP): smartphone only (Lose It! App) + one session of basic nutrition 
counseling 
Comparator: Intensive Counseling (IC): 1h in-person contact with nutritionist weekly 1st month and 
biweekly 2nd-6th month (SCT, behavioral self-management, motivational interviewing) 

Outcomes MVPA (hours/week), Stanford 7-Day PA Recall, Self-reported PA 
Behaviour Change 
Techniques 

Intervention (SP + IC): 1.1. Goal setting (behavior), 2.2 Feedback on behaviour, 2.3. Self-monitoring of 
behavior, 2.4. Self-monitoring of outcome(s) of behaviour, 3.1. Social support (unspecified), 4.1. 
Instruction on how to perform the behavior, 9.1. nutritional counseling 
Intervention (SP + LIC): 1.1. Goal setting (behavior), 2.2 Feedback on behaviour, 2.3. Self-monitoring of 
behavior, 2.4. Self-monitoring of outcome(s) of behaviour, 3.1. Social support (unspecified), 4.1. 
Instruction on how to perform the behavior, 9.1. nutritional counseling 
Intervention (SP): 1.1. Goal setting (behavior), 2.2 Feedback on behaviour, 2.3. Self-monitoring of 
behavior, 2.4. Self-monitoring of outcome(s) of behaviour, 3.1. Social support (unspecified), 4.1. 
Instruction on how to perform the behavior, 9.1. nutritional counseling 
Comparator (IC): 1.1. Goal setting (behavior), 4.1. Instruction on how to perform the behavior, 9.1. 
nutritional counseling 

Inclusion criteria Individuals between 21 and 65 years with BMI of 28-42 Kg/m2 who had an iPhone or Android, willing to 
download the application to be used on their devices 

Exclusion criteria Conditions that significantly limit exercise, such as actice cancer treatment, severe orthopedic problems; 
History of myocardial infarction, angina, coronary artery bypass graft surgery, percutaneous transluminal 
coronary angioplasty, congestive heart failure, diabetes; Currently participating in another structured 
weight loss program, pregnancy, taking weight loss medication, history of psychiatric illness, alcohol or 
substance abuse within the past 12 months 

Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Unclear risk "The SLIM (Smart coach for LIfestyle Management) study randomized 68 eligible 
participants to receive one of four interventions for six months:" 

Allocation 
concealment  

Unclear risk No information 

Blinding of 
participants and 
personnel 

High risk "Participants in the more intensive intervention groups received healthy eating and 
exercise counseling from a nutritionist coach weekly for the first month and biweekly for 
the second through sixth month. Participants in the less intensive counseling plus 
smartphone intervention received healthy eating and exercise counseling from the 
nutritionist twice during the first month and then monthly from two to six months. Inperson 
nutritional counseling focused on..." 

Blinding of 
outcome 
assessment  

Unclear risk 
No information 

Incomplete 
outcome data 

Low risk "Due to the uneven and relatively high attrition rates (31%–41%) among the four groups, 
we chose not to impute data or carry forward the baseline value for missing data for an 
intention-to-treat analysis. However, a sensitivity analysis imputing data, carrying the last 
observation forward and analysis only on those who completed the six-month followup, did 
not produce different results." Participant losses to follow-up were balanced across the four 
groups (despite small numbers) and reasons for missings appear similar and well reported. 
In addition, the authors used several methods to deal with the losses and no differences in 
results were detected : "...a sensitivity analysis imputing data, carrying the last observation 
forward and analysis only on those who completed the six-month follow up, did not 
produce diferent results". 

Selective 
reporting  

Low risk Methods: "The outcome measures of weight, BMI, waist circumference, and self-reported 
dietary intake and physical activity were assessed at baseline and six months." Results: 
"Baseline characteristics of participants by group are shown in Table 1 (include weight, 
BMI, WC)." Change values were calculated for all of the outcomes listed in the methods. 

Other bias Unclear risk Contamination between groups: "Twenty-eight percent of those who completed the trial 
also reported that at some time during the trial they had used another weight loss 
intervention (e.g., computer programs or smartphone applications) in addition to their 
originally allocated intervention." 
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Bickmore 2013   

Methods Two arms randomised controlled trial, 8 weeks "active" intervention period (52 weeks follow up) 
Participants Older inactive adults aged 65 and older, N = 263, n = 132 intervention, n = 131 comparator; M = 71.3 ± 5.4 

years, 61% female; 63% African American; BMI = 29.5 kg/m2, 51% with high school diploma or less 
Interventions Intervention: tablet computer with daily embodied conversational agent coach to discuss walking (2 

months) + pedometer (+ 10 months kiosk on clinic waiting room) 
Comparator: pedometer + monthly logs to track step counts 

Outcomes Steps/day, objectively measured via pedometer 
Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.2. Problem solving, 1.7. Review outcome goals, 2.4. Self-
monitoring of outcomes of behaviour, 2.7. Feedback on outcome of behaviour, 3.1. Social support 
(unspecified), 6.1. Demonstration of the behavior, 7.1. Prompts/cues, 10.4. Social reward, 12.5. Adding 
objects to the environment 
Comparator: 2.4. Self-monitoring of outcomes of behaviour, 12.5. Adding objects to the environment 

Inclusion criteria Community-dwelling adults who attended the geriatrics or internal medicine ambulatory care clinics, aged 
65 and older, English speaking, inactive (not engaged in regular moderate intensity or greater PA ≥ 3 
days/week for at least 20 min/day over the previous 6 months, free of any medical condition that would 
limit participation in a walking program, and stable on medications for at least 3 months. 

Exclusion criteria Cognitive impairment (Mini-Cog score <2), significant depressive symptoms (Patient Health Questionnaire 
≥16), at high risk of falls, or a timed maximal walking velocity < 0.5 m/s 

Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

Low risk "At study entry and at the end of baseline data collection, participants were randomized in 
blocks of six or eight, selected randomly, and stratified according to clinic site and health 
literacy status (inadequate vs adequate)." The block size appears to be varied to decrease 
chances of foreknowledge of assignment, but there is no mention to the method used for 
sequence generation (random number table, computer generated,...). 

Allocation 
concealment  

Unclear risk A two-arm, single-blind, randomized controlled trial. No other information. 

Blinding of 
participants and 
personnel 

High risk 
A two-arm, single-blind, randomized controlled trial. No other information. 

Blinding of 
outcome 
assessment 

Low risk "All participants returned for assessments at 2 and 12 months, at which a different 
research assistant blinded to group assignment and findings from earlier data collection 
points collected data"; 

Incomplete 
outcome data 

High risk "Statistical analysis was performed on an intention-to- treat basis, in accordance with 
CONSORT guidelines."; "A sensitivity analysis was conducted replacing missing or 
invalid electronic values with paper log values when available and then replacing 
excluded values as described above to test the effect of missing data on results."; "The 
sensitivity analysis to test the effect of missing data on results confirmed the general 
trends above but did not yield significant differences between groups at either time point." 
Figure 2 (participant flow) shows drop outs and reasons are clearly described and 
balanced across groups, however, the lack of pedometer data was larger in the intervention 
group over time (n = 77 had insufficient step, only n = 55 analysed at 12 months VS n = 
58 with insufficient step data and n = 73 analysed for the control). Data reported on Table 
2/Outcomes is based on n = 200 with adequate pedometer data (2 months) and n = 128 (12 
months), analysis reported appear restricted to pedometer use "compliers"; and conclusion 
in the abstract is not based on the primary outcome (step count at 12 months). 

Selective reporting Low risk "The primary outcome was average daily step count for the 30 days before the 12-month 
interview. Secondary outcomes were average daily step count for the 30 days before the 2-
month interview. Outcomes were also stratified according to health literacy level." 

Other bias Low risk Analyses adjusted for baseline values and outcome assessed using a validated measure 
 

  



Appendices 1 - Chapter 3 supplementary material 

219 

Duncan 2014   

Methods Two arms randomised controlled trial, 36 weeks intervention. Trial registration: ACTRN12611000081910 
Participants Adult overweight and obese males aged 35-54 years (N = 301, n = 205 intervention arm, M = 44.2 ± 5.9 

years, n = 96 comparator, M = 43.8 ± 5.8 years) 
Interventions Intervention: automated website and mobile phone-delivered materials (education) and capacity to self-

monitor + feedback on individual progress + interact with other participants on the ManUp challenges 
Comparator: print-based hard-copy booklet with same educational materials, log sheets (no feedback nor 
interaction) 

Outcomes Total PA - duration and sessions/week (Active Australia Survey), Self-reported PA 
Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.4. Action planning, 1.5. Review behavior goals, 2.2. Feedback 
on behavior, 2.3. Self-monitoring of behavior, 3.1. Social support (unspecified), 4.1. Instruction on how to 
perform the behavior, 5.1. Information about health consequences, 6.3. Social comparison, 8.7. Graded 
tasks 
Comparator: 1.1. Goal setting (behavior), 2.3. Self-monitoring of behavior, 4.1. Instruction on how to 
perform the behavior, 5.1. Information about health consequences, 8.7. Graded tasks 

Inclusion criteria Males aged 35-54 years who owned a mobile telephone, had access to the internet, did not have a mobility 
impairment, resided in the cities of Gladstone or Rockhampton (Queensland, Australia), and were 
classified as low risk to increase PA according to the Australian Government Department of Health and 
Ageing pre-exercise screening system. 

Exclusion criteria - 
Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

Low risk "... participants were randomly allocated to 1 of the 2 intervention arms". Group 
assignment was conducted on a two-to-one ratio in favour of the IT-based intervention 
arm. Unequal group allocation was conducted to maximize the number of participants 
allocated to the intervention arm. "Randomization lists were generated by one of the 
authors (MJD) using freely available software (www.randomization.com)." 

Allocation 
concealment 

High risk "Participants were advised of their group allocation via phone." Unclear whether those 
involved in allocation could see the randomisation lists prior to allocating participants 
but trial registration reports "Allocation is not concealed." 

Blinding of 
participants and 
personnel  

High risk "Participants were blinded to group allocation until baseline assessments were 
completed." 

Blinding of 
outcome 
assessment  

Unclear risk "Given that participants completed the assessment of outcome measures via online 
survey, nonblinding of researchers to participant group allocation was unlikely to bias 
outcomes". 

Incomplete 
outcome data  

Low risk "Generalized linear mixed models use all available data at each time point allowing 
participants with missing data at follow-up time points to be retained in the analysis. 
Therefore, generalized linear mixed models with an unstructured covariance matrix 
were used to examine change over time and differences between intervention arms in 
physical activity..."; "To explore the impact of missing data, a sensitivity analysis using 
baseline observation carried forward (BOCF) for participants with missing data at 
follow-up time points was performed for physical activity,..." ; " Comparison of change 
in physical activity, dietary behaviors, and health literacy with and without BOCF 
revealed only small differences in the magnitude of these outcomes.." ; "Given these 
minor differences, only the results from the analyses without BOCF are reported." ; "All 
analyses ... followed intention-to-treat principles." 

Selective reporting  Unclear risk Information from protocol paper and trial registration: 
Primary outcomes: Participants wll be asked to complete the following survey 
instruments and have the following measurements taken at each data collection time 
point: Physical Activity Questionnaire, Nutrition/Food Questionnaire, Physical Activity 
Literacy Questionnaire, Nutrition Literacy Questionnaire. 
Secondary outcomes: Phase 1 - Control Group and IT Group. 
All individuals will be provided with a detailed information sheet and an informed 
consent form. They will have their data recorded at a time convenient for them. 
Participants will complete the survey instruments (Surveys mentioned in Primary 
Outcome 1) and will have their height and weight measured at each time point. 
 
Phase 2 - Sub-sample group. 
All individuals will be fitted with an accelerometer and will have objective measures 
taken of their height and weight whilst completing the same intervention as Phase 1 
participants. 
Timepoint [1]0, 3 and 12 months. 
From protocol paper: "Self-reported duration of sitting in occupational settings over the 
previous seven days was assessed using two items. Adapted from an...". Two outcomes 
(daily minutes of sitting outside of work + sitting at work) are reported on the protocol 
paper table 4 but such outcomes are not reported on the results paper. Accelerometer 
data is also not reported on the results paper but the authors present a valid justification. 
From results paper: 
Table 3 and 4 seem to report on all measures; "Although a subsample of participants 
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(n=91) were provided with accelerometers to objectively measure physical activity, poor 
participant compliance with measurement protocols resulted in too few participants 
providing valid data for meaningful analysis and these data are not reported in this 
paper." 

Other bias Low risk Analyses adjusted for baseline values and outcome assessed using a validated measure 
 

 

Fassnacht 2015   

Methods Two arms randomised controlled trial, 8 weeks intervention 
Participants N = 49 children from an elementary school aged 8-10 years (M = 9.6 ± 0.4 years, 53% female, BMI z-

scores 0.8 ± 1.1; 18% overweight and 10% obese; n = 22 intervention, n = 27 comparator) 
Interventions Intervention: 1 parent educational session + 2 child educational group sessions + pedometer + daily 

behaviour report SMS + supportive feedback SMS 
Comparator: 1 parent educational session + 2 child educational group sessions 

Outcomes MVPA (hours/day?) + Screen time (hours/day?) (Family Eating and Activity Habits Questionnaire), Self-
reported 

Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 2.2. Feedback on behavior, 2.3. Self-monitoring of behavior, 
3.1. Social support (unspecified), 9.1. Credible source, 12.5 Adding objects to the environment 
Comparator: 1.1. Goal setting (behavior), 9.1. Credible source 

Inclusion criteria 4th grade children from an elementary school, aged 8-10 years, regardless of weight or ethnicity 
Exclusion criteria  
Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

Low risk "A total of 49 children (aged 8–10years) were randomized by school classes into a 
monitoring vs no-monitoring group." ; "By tossing a coin, the children of 2 school classes 
were assigned to either a monitoring (intervention: n = 22) or control (n = 27) condition." 

Allocation 
concealment 

Low risk Coin tossing should prevent deciphering of allocation schedulle 

Blinding of 
participants and 
personnel 

High risk "All children participated in 2x 60-minute educational sessions presented in a group 
format and facilitated by 2 trained psychologists." 
"Children from the intervention group were asked to monitor their fruit and vegetable 
consumption, physical activity, and screen time daily"; "Children were instructed to report 
data in a standard format via SMS." 

Blinding of 
outcome 
assessment 

Unclear risk 
No information 

Incomplete 
outcome data 

High risk For physical activity measurement only 21/22 (intervention) and 23/27 (control) are 
presented with no reasons reported; same for screen time. 

Selective reporting High risk Outcomes derived from the self-report health behaviour questionnaire are not reported. 
Other bias High risk Analyses were adjusted for baseline values but "children were randomized class-wise 

rather than individually" and this cluster-design was not taken into account. The 
instrument to assess physical activity and sedentary behaviour were translated/modified 
and used only some items from originally validated measures 
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Fjeldsoe 2010   

Methods Two arms randomised controlled trial, 12 weeks intervention 
Participants N= 88 women, n = 45 intervention, n = 43 comparator, M = 30 ± 6 years, BMI = 27 ± 6 Kg/m2, 17% with 

lower than year 10 education 
Interventions Intervention: 1 face-to-face goal setting consutation + PA print-based info pack + goal magnet + goal 

review consultation at 6 weeks + 3-5 tailored SMS/week + 2 SMS/week to nominated support person + 
"goal-check" SMS requiring reply 
Comparator: 1 face-to-face consutation + PA print-based info pack (minimal contact control) 

Outcomes MVPA (mins/week and days/week) and walking (mins/week and days/week), (Australian Women's 
Activity Survey), Self-reported 

Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.2. Problem solving, 1.4. Action planning, 1.5. Review 
behavior goal, 2.2. Feedback on behavior, 2.3. Self-monitoring of behavior, 3.1. Social support, 5.1. 
Information about health consequences, 7.1. Prompts/cues, 8.1. Behavioral practice/rehearsal, 12.5. 
Adding objects to the environment 
Comparator: 5.1. Information about health consequences 

Inclusion criteria English skills to enable informed consent, less than12-months postpartum, not currently in the second or 
third trimesters of pregnancy, possession of a mobile telephone, engaged in less than 5 days/week of 30 
min of MVPA, intended to increase PA in the next 3 months, able to nominate a social support person with 
possession of a mobile telephone 

Exclusion criteria - 
Risk of Bias Judgement Support for judgement 
Random sequence 
generation  

Low risk "Participants were randomized according to the prefix of the unique identifier label (1 or 
2) attached to their baseline survey. At each baseline assessment the research assistant 
shuffled the labeled surveys and randomly selected one from the pile. After all baseline 
data were collected, a coin was tossed to determine group allocation based on the prefix of 
the unique identifier label." 

Allocation 
concealment  

Low risk "After all baseline data were collected, a coin was tossed to determine group allocation 
based on the prefix of the unique identifier label." 

Blinding of 
participants and 
personnel  

High risk "Participants and the research assistant were blinded to group allocation at baseline; 
however, this could not be maintained at 6 and 13 weeks. Assessor bias was minimized by 
training the research assistant not to deviate from the interview script." 

Blinding of 
outcome 
assessment  

High risk "Participants and the research assistant were blinded to group allocation at baseline; 
however, this could not be maintained at 6 and 13 weeks. Assessor bias was minimized by 
training the research assistant not to deviate from the interview script." 

Incomplete 
outcome data  

Low risk "Data analysis was conducted in 2008 and used intention-to- treat principles. The 
distributions of all physical activity outcomes were not normal (according to Kolmogorov– 
Smirnov tests), and remained skewed following transformation due to the zero-inflated 
distribution of the data. Since the data were not normally distributed, missing data were 
imputed using a regression tree model. This method was used because unlike other 
modeling-based imputation methods (i.e., expectation maximization algo- rithms) this 
method does not assume that the complete dataset, from which missing values are 
predicted, has a normal distribution" In Figure 1, 'n' is the same for allocation and 
analysis. 

Selective reporting  Low risk "The primary outcome for this study was the number of days per week that participants 
reported at least 30 min of MVPA or walking for exercise (referred to as frequency). We 
also examined total duration (min/week) of MVPA and walking for exercise. These 
outcomes were assessed using the Australian Women’s Activity Survey (AWAS) and a 
study-specific single-item measure." All outcomes are reported in Table 3. 

Other bias Unclear risk Analyses adjusted for baseline values and outcome assessed using a validated measure. 
However, "there were meaningful (but not statistically significant) differences between 
study groups in baseline physical activity levels (Table 2). The median for MVPA and 
walking for exercise frequency was 1 day per week higher in the intervention group than 
the control group at baseline (Table 2). The median MVPA duration was 60 min per week 
higher in the intervention group than the control group and median walking for exercise 
duration was 40 min per week higher at baseline." 
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Glynn 2014   

Methods Two arms randomised controlled trial, 8 weeks intervention. Trial registration: ISRCTN99944116 
Participants N = 90 adults, n = 45 intervention, n = 45 comparator, M = 44 ± 11 years, 64% female, BMI = 28.2 ± 5.5 

Kg/m2 
Interventions Intervention: "Accupedo Pedometer" app + Physical activity goals and info + Benefits of exercise 

Comparator: Physical activity goals and info + Benefits of exercise 
Outcomes Steps/day, objectively measured via smartphone pedometer 
Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 2.2. Feedback on behavior, 2.3. Self-monitoring of behavior, 5.1. 
Information about health consequences, 9.1. Credible source, 12.5. Adding objects to the environment 
Comparator: 1.1. Goal setting (behavior), 5.1. Information about health consequences, 9.1. Credible source 

Inclusion criteria ≥ 16 years, active Android smartphone user 
Exclusion criteria Do not have an Android smartphone, have an acute psychiatric illness, pregnancy, could not participate in 

moderate exercise 
Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

Low risk "Randomisation occurred using random permuted blocks to ensure there were similar 
numbers of participants in the intervention and control groups. An independent 
investigator was responsible for generating the allocation sequence using the Research 
Randomizer computer software program (available at www. randomizer.org/form.htm)." 
This matches the protocol paper. 

Allocation 
concealment 

Low risk Protocol paper: "The same independent researcher is responsible for assigning participants 
to the intervention and control groups. Thus, the allocation sequence is concealed from all 
study researchers until the interventions are assigned." 

Blinding of 
participants and 
personnel 

High risk "For the week following the screening visit (week 1), all participants were asked to carry 
their smartphone during waking hours and to continue operating at their normal physical 
activity levels. During week 1, the smartphone app display was not visible for either group 
and the investigators remained blinded. 
At the end of week 1, the randomisation code was broken by the investigators. In this way, 
the allocation sequence was concealed from all study investigators and participants until 
all codes were assigned and week 1 was completed". While baseline assessments were 
blinded, this was not possible after week 1. "At the end of weeks 1, 2, and 8, all 
participants were contacted via SMS and asked to email their step-count data to the 
research team using a ‘share data’ function of the app. All participants were invited back 
for follow-up testing within 1 week of finishing the trial." 

Blinding of 
outcome 
assessment 

Low risk "Step-count data were recorded automatically, beyond the control of investigators and 
participants, and stored by the app on the telephones of all trial participants." For 
secondary outcomes (e.g. blood pressure) the risk would be unclear. 

Incomplete 
outcome data 

Unclear risk No intention to treat analyses, numbers analysed do not match the numbers randomised 
(Table 2 and Figure 1). "Finally, due to the ‘sleep’ function on certain smartphone models, 
which forced the app to pause, some step-count data were not recorded’ this is why such 
data were not available for all participants at follow-up. However, this was similar for 
both groups over the course of the trial and was accounted for in the statistical modelling." 

Selective 
reporting 

Low risk Protocol paper and trial registration: "The primary outcome variable is step count, 
measured daily for a week prior to treatment assignment (that is, baseline) and 
subsequently for a seven week follow-up period. Seven secondary outcomes will be 
measured at baseline and at the end of the follow-up period, namely: systolic blood 
pressure; diastolic blood pressure; resting heart rate; BMI; mental health as measured by 
HADS score; quality of life as measured by ED-5D and EQ-VAS." These match the 
outcomes presented in the results paper, Table 2. 

Other bias Unclear risk Analyses adjusted for baseline values and outcome assessed using a valid measure. 
However, "There was a difference in baseline step count between control and intervention 
groups. This was not statistically significant but, nonetheless, this potential difference was 
recognised a priori and adjusted for..." 
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Hebden 2014   

Methods Two arms randomised controlled trial, 12 weeks intervention. 
Participants University students and staff aged 18-35 years (N = 51; n = 26 intervention, M = 22.6 ± 5.4 years, 85% 

female, BMI = 27.3 ± 2.1 Kg/m2; n = 25 comparator, M = 23.1 ± 3.7 years, 76% female, BMI = 27.2 ± 2.5 
Kg/m2 

Interventions Intervention: session with dietitian + printed booklet with PA guidelines + 2 SMS and 2 e-mails/week + 
app + internet forum 
Comparator: session with dietitian + printed booklet with PA guidelines 

Outcomes MVPA + LPA + Sedentary (min/day) objectively measured via GT1M accelerometer + Total PA 
(min/week and MET-min/week) + Sitting (min/day) self-reported (International Physical Activity 
Questionnaire - IPAQ) 

Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.2. Problem solving, 1.4. Action planning, 2.2. Feedback on 
behavior, 2.3. Self-monitoring of behavior, 3.1. Social support (unspecified), 5.1. Information about health 
consequences, 7.1. Prompts/cues, 9.1. Credible source 
Comparator: 1.1. Goal setting (behavior), 5.1. Information about health consequences, 9.1. Credible source 

Inclusion criteria BMI 24.00–31.99 or 23.00–23.99 kg/m2 with weight gain >2 kg in past 12 months, Aged 18–35 years, 
Moderate intensity PA <60 min/day, Consumes ≥1 L of SSB/week or <2 serves fruit/day or <5 serves 
vegetables/day or ≥2 energy-dense takeaway meals/week, Stage of change is Contemplation or Preparation 
for ≥2 of the physical activity or dietary behaviours 

Exclusion criteria Cannot receive SMS or does not have regular Internet access, On a diet required for medical reasons, 
medical condition that influences body weight or ability to comply with intervention, Takes medications or 
herbal preparations that may influence body weight, Enrolled in a weight loss programme or taking 
supplements for 
weight loss, currently pregnant or planning pregnancy in the next 3 months 

Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "Participants were randomly allocated to intervention and control arms in a 1 : 1 ratio. A 
list of random numbers was generated using computer software by investigator LH to 
randomise participants’ unique identification numbers into the two study arms." 

Allocation 
concealment 

High risk "Participants were enrolled in the study, randomised to their study arm and provided the 
study materials by investigator (LH)". It appears that LH was responsible to allocate 
participants to their respective group. 

Blinding of 
participants and 
personnel 

High risk "Participants were aware that two treatment arms existed; however, they were blinded to 
the nature of each."; "At their baseline appointment, participants selected two of these 
behaviours to work on during the programme, under the guidance of investigator LH."; 
"Within forums, both participants and investigator LH were able to contribute comments, 
questions and information."; "New information was posted by the investigator LH 
biweekly..." 

Blinding of 
outcome 
assessment 

Unclear risk "Online surveys administered at baseline and week 13 follow-up included questions about 
sitting time and physical activity in the previous week,..." 

Incomplete 
outcome data 

Low risk "Data were analysed according to the intention-to-treat principle with baseline values 
imputed for missing follow-up data." Numbers of 'analysed' and 'allocated' match in the 
flow diagram (figure 1). "Because of the small number of participants with valid 
accelerometery data for baseline and follow-up (n = 15 control; n = 12 intervention), 
analyses were limited to these subjects." 

Selective 
reporting 

Low risk All primary and secondary outcomes listed are reported. 

Other bias Low risk Analyses adjusted for baseline values; outcome assessed using a valid measure; 
accelerometry data further adjusted for average wear time. 
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Hurling 2007   

Methods Two arms randomised controlled trial, 9 weeks intervention 
Participants N = 77 healthy adults, M = 40.4 ± 7.6 years, BMI = 26.3 ± 3.4 Kg/m2, 66% female, n = 47 intervention, n 

= 30 comparator 
Interventions Intervention: internet + mobile phone program with solutions for barriers, schedule, reminders, message 

board to share experiences and feedback + wrist worn accelerometer with real-time feedback via internet 
Comparator: wrist worn accelerometer with no support 

Outcomes Overall PA and leisure time PA + Sitting (MET mins/week, International Physical Activity Questionnaire - 
Long Form - IPAQ-LF) + Moderate PA Uniaxial wrist accelerometer (2min epochs/day) 

Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.2. Problem solving, 1.4. Action planning, 1.9. Commitment, 
2.2. Feedback on behavior, 2.3. Self-mointoring of behavior, 3.1. Social support (unspecified), 6.2. Social 
comparison, 7.1. Prompts/cues, 8.7. Graded tasks, 12.5. Adding objects to the environment 
Comparator: 2.3. Self-monitoring of behavior, 12.5. Adding objects to the environment 

Inclusion criteria Age 30-55 years, BMI 19-30 Kg/m2, not vigorously active, not taking regular prescription medication, 
Internet and email access, mobile phone user, not employed by Unilever 

Exclusion criteria - 
Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "After 3 weeks of monitoring baseline physical activity, participants returned and were 
stratified by age, gender, and BMI and were randomly allocated to either the control (n = 
30) or test group (n = 47)." 

Allocation 
concealment 

Unclear risk No information 

Blinding of 
participants and 
personnel 

High risk "Following collection of 3 weeks of baseline data, the test group participants received a 
short demonstration of the Internet-based behavior change system; the control group also 
came to the center but only received verbal advice on recommended physical activity 
levels. The test group then had access to the Internet-based behavior change system for 9 
weeks, whereas the control group had no access and received no feedback". 

Blinding of 
outcome 
assessment 

Unclear risk "The primary dependent measure was change in moderate physical activity recorded by 
the longer version of the International Physical Activity Questionnaire (IPAQ) and the 
wrist-worn accelerometer". 

Incomplete 
outcome data 

Low risk "Three participants were found to have faulty Actiwatches and so were removed from all 
statistical analyses."; "As shown in Table 2, an intent-to-treat analysis of (the square-root 
transformed) MET minutes per week found no significant difference, after adjusting for the 
baseline covariate, between the test group (mean = 12.0, SE = 3.1) and the control (mean 
= 4.0, SE = 4.1), with P = .12 (95% CI for the difference = −2.3-18.3)." 

Selective 
reporting 

High risk "The primary dependent measure was change in moderate physical activity recorded by the 
longer version of the International Physical Activity Questionnaire (IPAQ) and the wrist-
worn accelerometer. Changes in weight, percent body fat (as measured by bioelectrical 
impedance scales), height, and resting blood pressure were secondary measures. All 
measures were taken before and after the 9-week intervention period..."; "A set of cognitive 
items was developed specifically for the study..."; "Participants also completed an exercise 
Skills and Knowledge Questionnaire that asked about skills used to increase physical 
activity." 
These outcomes were reported for baseline and after 9 weeks. The authors report using the 
long version of IPAQ (which allows differentiation of activity in the leisure, work, 
household and transport domains) and computation of time spent in other intensities of 
physical activity (light, vigorous) and time spent sitting. However, only time spent sitting 
and moderate PA are reported (only overall and for the leisure domain, not for the work, 
transport, and household domains). Further, for sitting, the data is further differentiated 
between weekdays and weekend days, which are inconsistencies compared to what was 
announced in the methods section. 
"A Generalized Estimating Equation Model with log link and Poisson distribution was used 
to calculate the number of 2-min epochs spent within three metabolic equivalent (MET) 
ranges, corresponding to moderate intensity (MET level over 3 and up to 6), high intensity 
(MET level over 6 and up to 9), and very high intensity (MET level over 9)..." For 
accelerometer data only moderate and vigorous intensity physical activity is reported, 
which is also inconsistent with the methods section. 

Other bias Low risk Analyses adjusted for baseline values; outcome assessed using a valid measure. 
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Kim 2013   

Methods Two arms randomised controlled trial, 6 weeks intervention. Trial registration: NCT01697475 
Participants N = 36 African Americans aged 60-85 years, n = 26 intervention, M = 69.3 ± 7.3 years, 81% female, BMI 

= 31.4 ± 7.4 Kg/m2; n = 10 comparator, M = 70.6 ± 7.5 years, 80% female, BMI = 30.2 ± 7.0 Kg/m2 
Interventions Intervention: 3x motivational SMS/day, 3days/week + pedometer + walking manual/log 

Comparator: pedometer + walking manual/log 
Outcomes Steps/day objectively measured via pedometer (but data analysed was from participants' logs?) + total PA 

MET (Godin Leisure Time Exercise Questionnaire - LTEQ, self-reported) 
Behaviour Change 
Techniques 

Intervention: 2.3. Self-monitoring of behavior, 3.1. Social support (unspecified), 4.1. Instruction on how to 
perform the behavior, 7.1. Prompts/cues, 12.5. Adding objects to the environment 
Comparator: 2.3. Self-monitoring of behavior, 4.1. Instruction on how to perform the behavior, 12.5. 
Adding objects to the environment 

Inclusion criteria African American community-dwelling adults aged 60 to 85 who were recruited from senior centers; had 
to be healthy (no restrictions and medical clearance to walk); had to have a mobile phone with text 
messaging capability 

Exclusion criteria Any physical or psychological illness or medical problem that restricted walking, did not own a mobile 
phone with text messaging capability, not willing/able to follow study procedures 

Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

High risk "Recruitment was staggered over time, and participants were assigned randomly into a 
control or intervention group by a flip of the coin. An unbalanced randomization was used 
so that once the control group reached a maximum number of 15 participants, the rest 
were placed in the intervention group." 

Allocation 
concealment 

High risk See above. 

Blinding of 
participants and 
personnel 

High risk Even thoug the trial registration reports "Masking: Double Blind (Subject, Investigator)", 
the results paper reports "In addition, participants were not blinded to allocation of the 
intervention, and ability to monitor the pedometer throughout the day may have inflated 
step-count levels in both groups." 

Blinding of 
outcome 
assessment 

Unclear risk 
No information 

Incomplete 
outcome data 

Unclear risk "Intention-to-treat (ITT) analyses also were conducted using a last-observation-carried-
forward approach on all randomized participants (control group n = 15; intervention 
group n = 30). ITT analysis revealed similar intervention effects compared to participants 
who completed the study and therefore was not included in the main analysis." However, n 
analysed reported on Figure 1, Table 1, and table 2 are inconsistent. 

Selective reporting Low risk Outcomes reported match those listed in the trial registration. "Step-count and walking log. 
The Omron (Model #HJ-113) pedometer, when worn at hip level, measures the number of 
steps taken. The walking manual consisted of an introduction to the study, general walking 
tips, pedometer usage instructions, and blank tables where participants could record the 
number of steps they took that day for up to 6 weeks."; "Leisure Time Exercise 
Questionnaire. Pre–post perceived activity levels were assessed using the Leisure Time 
Exercise Questionnaire (LTEQ). A total MET is scored by weighing intensity levels, using 
3 for mild, 5 for moderate, and 9 for strenuous activity. The LTEQ has good test–retest 
reliability and has shown convergent validity with both objective and self-reported 
measures of physical activity". 

Other bias Unclear risk Unclear if analyses were adjusted for baseline values. Outcome assessed using a valid 
measure. 
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King 2008   

Methods Two arms randomised controlled trial, 8 weeks intervention. 
Participants N = 37 healthy underactive adults aged ≥ 50 years; n = 19 intervention, M = 60.7 ± 6.8 years, 42% women, 

74% white; n = 18 comparator, M = 59.6 ± 7.6 years, 44% women, 83% white 
Interventions Intervention: instructional session + PDA to monitor and receive feedback and support + pedometer + 

written physical activity educational materials 
Comparator: written physical activity educational materials 

Outcomes MVPA (min/week) using the Community Healthy Activities Model Program for Seniors questionnaire - 
CHAMPS, Self-reported 

Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.2. Problem solving, 2.2. Feedback on behavior, 2.3. Self-
monitoring of behavior, 4.1. Instruction on how to perform the behavior, 12.5. Adding objects to the 
environment 
Comparator: 4.1. Instruction on how to perform the behavior 

Inclusion criteria ≥ 50 years old, ≤ 60 min/week of MVPA over the previous 6 months, interested in learning ways to 
increase physical activity, free of medical conditions limiting participation in MVPA, English language 
skills to enable informed consent and participate in study procedures, willing to use a 
PDA as directed, willing to be randomised 

Exclusion criteria - 
Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "Subjects were randomly assigned to either an 8-week hand-held computer-based 
intervention arm or a standard information control"; Citation to the Efron procedure. 

Allocation 
concealment 

Unclear risk No information. 

Blinding of 
participants and 
personnel 

High risk "Intervention participants were provided with a PDA and instructed in its use as a means 
of monitoring and increasing their physical activity levels". 

Blinding of 
outcome 
assessment 

Unclear risk 
No information. 

Incomplete 
outcome data 

Low risk "All 37 participants completed the primary measure of interest (CHAMPS) at 8 weeks."; 
"Data were successfully retrieved from the PDAs of 14 of the 19 intervention participants. 
Nonretrieval was due to individuals not returning the PDA (n 2) or corruption of data files 
during the data retrieval/transfer process (n 3)." 

Selective 
reporting 

Low risk "Regular physical activity was measured using the Community Healthy Activities Model 
Program (CHAMPS) questionnaire for older adults."; "At the 8-week post-test, 
intervention participants completed a 20-item questionnaire evaluating the acceptability 
and utility of the PDA." 

Other bias Low risk Analyses adjusted for baseline values; outcome assessed using a valid measure. 
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King 2013   

Methods Three arms randomised controlled trial, 8 weeks intervention. 
Participants N = 68 community-dwelling adults, M = 59.1 ± 9.2 years (range = 45-81), 73.5% women, 69% white, BMI 

= 29.6 ± 6.2 Kg/m2, n = 22 analytic, n = 23 social, n = 23 affect 
Interventions Intervention: analytic app focused on goal setting, self-monitoring and problem solving 

Intervention: social app focused on social comparisons, norms, and support 
Intervention: affective app focused on reinforcement and emotional transference to an avatar 

Outcomes Walking (min/week) + MVPA (min/week) using the Community Healthy Activities Model Program for 
Seniors questionnaire - CHAMPS -, TV viewing (hours/day) using the Measure of Older Adults' Sedentary 
Time questionnaire - MOST - , Self-reported 

Behaviour Change 
Techniques 

Intervention (analytic app): 1.1. Goal setting (behavior), 1.2. Problem solving, 1.5. Review behavior 
goal(s), 2.2. Feedback on behavior, 2.3. Self-monitoring of behavior, 4.1. Instruction on how to perform the 
behavior, 10.2. Material reward (behavior) 
Intervention (social app): 1.2. Problem solving, 2.2. Feedback on behavior, 2.3. Self-monitoring of 
behavior, 3.1. Social support (unspecified), 4.1. Instruction on how to perform the behavior, 6.1. 
Demonstration of the behavior, 6.2. Social comparison, 6.3. Information about others' approval 
Intervention (affective app): 1.1. Goal setting (behavior), 2.2. Feedback on behavior, 2.3. Self-monitoring 
of behavior, 10.2. Material reward (behavior), 14.4. Reward approximation 

Inclusion criteria Community-dwelling adults aged ≥ 45 years, insufficiently active (i.e., engaged in < 60 minutes of 
MVPA/week), sitting for ≥10 hours/day, able to participate safely in a PA program (Physical Activity 
Readiness Questionnaire), currently using a mobile phone but not using a smartphone 

Exclusion criteria  
Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "...individuals meeting the eligibility criteria were randomly assigned, using a 
computerized version of the Efron procedure, to use one of the three custom apps for an 8- 
week period". 

Allocation 
concealment 

Unclear risk No information 

Blinding of 
participants and 
personnel 

High risk "At the end of this initial week, participants returned to the research facility to receive their 
randomly assigned behavior change app and basic instruction on its use" 

Blinding of 
outcome 
assessment 

Unclear risk "...participants completed standard self-administered questionnaires at baseline and at the 
end of the 8-week intervention period." 

Incomplete 
outcome data 

Low risk "While all but one participant was successful in using their assigned smartphone app 
through at least 5 weeks of the 8-week protocol, 7 participants were missing post-test 
physical activity or sedentary behavior questionnaire data (i.e., 10.3%). Missing 
questionnaire data were due to participant time constraints or not properly filling out the 
questionnaires."; "Within the constraints imposed by analysis of subgroups with small n’s, 
independent t- tests or Chi-Square analyses comparing the 7 participants with missing 
post-test questionnaires with the rest of the sample indicated that the 7 participants were 
significantly different than the full sample with regard to age ... but not significantly 
different from the rest of the sample in other demographic variables (i.e., gender, race, 
education, income), BMI, group assignment, or baseline physical activity or sedentary 
behavior variables." 

Selective 
reporting 

Unclear risk "To assess physical activity levels, the CHAMPS Physical Activity Questionnaire was 
used."; "To assess sedentary behavior levels, the Australian sedentary behavior 
questionnaire (referred to as the Measure of Older Adults’ Sedentary Time [MOST]) was 
used. The measure includes metrics for a variety of sedentary behaviors such as television 
viewing, reading, or office work and metrics for each individual behavior along with total 
sedentary time have been developed. Given that television viewing is the most prevalent 
discretionary sedentary activity undertaken by people in this age group, television-viewing 
time was considered to be the primary sedentary variable of interest"; "To evaluate user 
acceptability of the apps, participants completed a user satisfaction survey at the end of the 
8-week intervention period. The survey, adapted from similar user satisfaction surveys in 
this age group, consisted of 22 items asking users to rate, on a 6-point Likert-type scale, 
level of disagreement to agreement with each item concerning the usability of the apps. An 
additional 20 items captured participants’ general attitudes towards smartphones 
following the intervention period on a 5-point Likert-type scale." Even though the authors 
present a valid justification to only present tv viewing time from the outcomes possible to 
compute from the MOST instrument, it appears that participants answered all the items. 
The authors could maybe also have reported physical activity and sedentary time as 
obtained from the phone's built-in accelerometers. 

Other bias Unclear risk Unclear whether analyses were adjusted for baseline values "Analysis of covariance was 
used to explore between-group differences in the variables of interest across apps, with all 
major outcome variables log-transformed in response to non-normality."; outcome 
assessed using a valid measure. 
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Knight 2014   

Methods Three arms randomised controlled trial, 12 weeks intervention 
Participants N = 45 older adults, M = 63 ± 5 years; n = 14 SB, 64% female, BMI = 33.8 ± 4 Kg/m2; n = 15 EX, 46% 

female, BMI = 30.4 ± 5 Kg/m2; n = 16 combined, 56% female, BMI = 29.6 ± 6 Kg/m2 
Interventions Intervention (SB): prescription targeting reductions and interruptions in sedentary behaviour + smartphone 

and app + blood pressure monitor + glucometer + pedometer 
Intervention (EX): prescription targeting high-intensity activity + app and smartphone + blood pressure 
monitor + glucometer + pedometer 
Intervention (combined): prescription targeting both reductions and interruptions in sedentary behaviour 
and high-intensity activity + smartphone and app + blood pressure monitor + glucometer + pedometer 

Outcomes Steps/day objectively measured via pedometer 
Behaviour Change 
Techniques 

Intervention (SB): 1.1. Goal setting (behavior), 2.3. Self-monitoring of behavior, 2.6. Biofeedback, 3.1. 
Social support (unspecified), 5.1. Information about health consequences, 12.5. Adding objects to the 
environment 
Intervention (EX): 1.1. Goal setting (behavior), 2.3. Self-monitoring of behavior, 2.6. Biofeedback, 3.1. 
Social support (unspecified), 8.7. Graded tasks, 12.5. Adding objects to the environment 
Intervention (combined): 1.1. Goal setting (behavior), 2.3. Self-monitoring of behavior, 2.6. Biofeedback, 
3.1. Social support (unspecified), 5.1. Information about health consequences, 8.7. Graded tasks, 12.5. 
Adding objects to the environment 

Inclusion criteria Mean and women aged 55-75 years, healthy, with no diagnisis (e.g. hypertension, diabetes, obesity) 
Exclusion criteria Resting blood pressure ≥ 180/110 mm Hg, type 1 diabetes, history of myocardial infarction, angioplasty, 

coronary artery bypass, cerebrovascular ischemia, symptomatic congestive heart failure, atrial flutter, 
unstable angina, implanted pacemaker, second- or third-degree heart block, unstable pulmonary disease, 
unstable metabolic diasease, use of medications known to affect heart rate (eg, ß-blockers), started or 
changed dose of lipid lowering agent(s) within the previous 3 months, any orthopedic condition restricting 
PA 

Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "After screening for eligibility, participants were allocated to 4 groups based on a 
randomization schedule created using an online randomization tool 
(www.random.org/lists/)." 

Allocation 
concealment 

Unclear risk No information. 

Blinding of 
participants and 
personnel 

High risk 
"Participants were not blinded to group allocation." 

Blinding of 
outcome 
assessment 

Unclear risk No information. The pilot study paper notes limited access to data, but does not mention if 
assessors had knowledge of the intervention group. "When participants measured blood 
pressure and glucose, the reading was automatically sent to their smartphone via the 
Bluetooth connection. Measures for body weight and physical activity were manually 
entered by participants into their smartphone. The smartphone transmitted measures 
through a wireless network to the study database."; "The mean change in remotely 
submitted home-monitored variables is presented in Table 2". 

Incomplete 
outcome data 

Low risk "All participants who enrolled in the study completed the 12-week intervention." 

Selective 
reporting 

Low risk All listed outcomes are reported. 

Other bias Unclear risk "Repeated measures of multivariate analysis of variance (MANOVA) were conducted to 
test the effect of the intervention on changes in remotely submitted measures over time. 
Univariate analyses were examined to test for effects of group assignment over time."; 
Unclear whether analyses were adjusted for baseline values, outcome assessed using a valid 
outcome. 
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Patrick 2013   

Methods Four arms randomised controlled trial (two arms of interest), 52 weeks intervention. Trial registration: 
NCT00412165 

Participants N = 101 overweight or obese adolescents at risk for T2DM, M = 14.3 ± 1.5 years, 63.4% female, BMI 
percentile = 97.6, 74.3% Hispanic; n = 26 website only; n = 26 website + monthly group sessions + 
follow-up calls; n = 24 website + SMS; n = 25 usual care (Two arms of interest: web + SMS; usual care) 

Interventions Intervention (web + SMS): website with tutorials + ≥ 3 SMS/week with challenges, goals, strategies, and 
communicate with health counselor + pedometer + weekly email reminder + monthly mailed tips 
Comparator (usual care): printed materials from the American Diabetes Association and the American 
Heart Association + 3x 1h group nutrition sessions + monthly mailed tips 

Outcomes MVPA (min/week) via the 7-day PA recall interview + SB (hours/day) via Robinson survey, Self-reported 
Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 2.2. Feedback on behavior, 2.3. Self-monitoring of behavior, 
3.1. Social support (unspecified), 4.1. Instruction on how to perform the behavior, 7.1. Prompts/cues, 8.7. 
Graded tasks, 10.3. Non-specific reward, 12.5. Adding objects to the environment, 15.4. Self-talk 
Comparator: 3.1. Social support (unspecified), 4.1. Instruction on how to perform the behavior, 7.1. 
Prompts/cues 

Inclusion criteria Adolescents aged 12-16 years at “high risk” for diabetes (as defined by the American 
Diabetes Association: BMI > 85th percentile for age and sex, weight and height > 85th percentile, or weight 
>120% of ideal for height plus any two of the following risk factors: family history of T2DM in a 1st- or 
2nddegree relative, race/ethnicity American Indian, African-American, Hispanic, Asian/Pacific Islander, or 
signs of insulin resistance e.g. acanthosis nigricans, hypertension, dyslipidemia, polycystic ovary 
syndrome); both teens and parents could access the Internet, having a telephone, ability to sepak and read 
English, willingness to participate in online activities and attend monthly group sessions 

Exclusion criteria Diagnosis of diabetes, pregnancy, any medical condition that would prevent participation in the 
intervention, not planning to be in the area over the study period 

Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

Unclear risk "Participants were randomized to four study arms..." Not enough information. 

Allocation 
concealment 

Unclear risk "Participants were randomized to four study arms..." Not enough information. 

Blinding of 
participants and 
personnel 

High risk Trial registration: "Masking: Open Label"; Results paper: "The program website and its 
tutorials were designed to promote weight loss and healthy behaviors related to obesity." 

Blinding of 
outcome 
assessment 

Unclear risk "Prior to randomization and initial counseling and encouragement from the primary care 
physician, baseline anthropometric, psychosocial, and behavioral measures were 
collected." 

Incomplete 
outcome data 

Low risk "Group effects on each of the outcome measures at 12 months were tested with mixed 
model analyses using maximum likelihood repeated measures. Intent-to-treat analyses 
were conducted using all available data from participants who enrolled, were randomized, 
and started the interventions (n = 101) assuming data were missing at random." Flow 
diagram does not show n analysed. 

Selective reporting Low risk "All measures were collected at baseline, 6 months, and 12 months." All measures 
described in the trial registration and methods appear to be reported. 

Other bias Unclear risk Unclear whether analyses were adjusted for baseline values, outcome assessed using a 
valid measure. 
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Prestwich 2010   

Methods Three arm randomised controlled trial, 4 weeks intervention 
Participants N = 149 mostly university students, M = 23.44 ± 5.63 years, 64% female, BMI = 22.9 ± 3.9 Kg/m2 
Interventions Intervention: asked participants to meet PA guidelines + implementation intention + SMS with plan 

reminder 
Intervention: asked participants to meet PA guidelines + implementation intention + SMS with goal 
reminder 
Comparator: asked in writing to be active as defined by governmental guidelines (no SMS nor 
implementation intentions) 

Outcomes Number of days/week walked or exercised for ≥ 30 min using the Self-Report Walking and Exercise 
Tables - SWET measure, Self-reported 

Behaviour Change 
Techniques 

Intervention (plan): 1.1. Goal setting (behavior), 1.4. Action planning, 4.1. Instruction on how to perform 
the behavior, 5.1. Information about health consequences, 7.1. Prompts/cues 
Intervention (goal): 1.1. Goal setting (behavior), 1.4. Action planning, 4.1. Instruction on how to perform 
the behavior, 5.1. Information about health consequences, 7.1. Prompts/cues 
Comparator: 1.1. Goal setting (behavior), 5.1. Information about health consequences 

Inclusion criteria Exercise < 3x/week (including brisk walking), not have a medical condition that prevented brisk walking, 
own a cell phone, be able to attend a follow-up session exactly 4 weeks after the first session 

Exclusion criteria - 
Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

Low risk "Participants were randomized to one of three groups (implementation intention SMS 
plan, implementation intention SMS goal, control) and completed measures of walking at 
baseline and 4 weeks follow-up. An allocation sequence, based on complete 
randomization (nonblocked, nonstratified) with no restrictions, was prepared by Research 
Staff Member 1 using a computer- generated randomization program. On the basis of this 
allocation sequence, Research Staff Member 2 placed the relevant study materials in a 
series of numbered and sealed envelopes. These envelopes were passed to Research Staff 
Member 3, who met with the participants. Participants opened the envelopes in individual 
cubicles away from research staff." 

Allocation 
concealment 

Unclear risk See above. It is not specified whether numbered and sealed envelopes were opaque. 

Blinding of 
participants and 
personnel 

High risk "These envelopes were passed to Research Staff Member 3, who met with the participants. 
Participants opened the envelopes in individual cubicles away from research staff. On 
completion of the study materials, participants sealed their completed measures in other 
envelopes. Consequently, Research Staff Member 3 was unaware of condition during the 
testing phase." ; "All participants were asked, in writing, to try to be active (as defined by 
governmental guidelines). Furthermore, to minimize the risk of contaminating the 
experimental manipulations, the need to refrain from communicating with other people 
about the study was stressed to all participants. Participants (by not discussing the trial 
with others), those entering the data (Research Staff Members 5 and 6, by receiving only 
the dependent measures), and the data analyst (Research Staff Member 7, by receiving 
information regarding the study groups coded by number rather than name) were 
unaware of condition." Personnel appears to be blinded but it is unclear whether 
participants were blinded to the intervention despite the author's efforts. "All participants 
were recruited using an e-mail distributed to a participant database that outlined the 
eligibility criteria and described the study as concerning attitudes and behavior relating 
to walking." 

Blinding of 
outcome 
assessment 

Low risk "These envelopes were passed to Research Staff Member 3, who met with the participants. 
Participants opened the envelopes in individual cubicles away from research staff. On 
completion of the study materials, participants sealed their completed measures in other 
envelopes. Consequently, Research Staff Member 3 was unaware of condition during the 
testing phase."; "Participants (by not discussing the trial with others), those entering the 
data (Research Staff Members 5 and 6, by receiving only the dependent measures), and 
the data analyst (Research Staff Member 7, by receiving information regarding the study 
groups coded by number rather than name) were unaware of condition."; "Participants’ 
height, weight, waist size, and hip size were measured by Research Staff Member 3, who 
was unaware of condition". 

Incomplete 
outcome data 

Low risk Flow diagram shows that not all who were randomised were analysed (less 15) but reasons 
presented appear valid. "On each dependent variable, six participants’ responses could 
not be coded into the number of days on which they walked or exercised for at least 30 
min because of incomplete data. Nine participants were lost to follow-up, reflecting a 
dropout rate of 6%." The authors do not seem to have tried approaches to deal with 
missing data, likely because plausible effect size among the missing dependent variable 
data were insufficient to impact the effect size. 

Selective reporting High risk "The walking subscale of the SWET requires participants to note in a table their walks 
during the past week; the days on which they took these walks, the duration of each walk, 
and the speed of each walk...".; "In this table, participants were required to note 
nonwalking physical exercise, the days on which they did this exercise, and the duration of 
each exercise session (in minutes) during the past week." Duration of walking (and 
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duration of exercise) were not reported. This data was available after contacting the 
authors. 

Other bias Low risk Analyses adjusted for baseline values; outcome assessed using a valid measure. "We used 
analysis of covariance to test the effects of the interventions on increasing brisk or fast 
walking during the intervention period, using condition (implementation intention plan 
reminder, implementation intention goal reminder, control) as the between-subjects 
independent variable and brisk or fast walking at baseline as the covariate. This analysis 
was repeated with the secondary outcomes..." ; "A self-report index of walking was taken 
from ... validated Self-Report Walking and Exercise Tables (SWET) measure." 

 

 

Schwerdtfeger 2012   

Methods Three arms randomised controlled trial (two of intererst), 1 week intervention 
Participants N = 63; n = 22 augmented intervention, M = 23.9 ± 4.1 years, 67% female, BMI = 23.1 ± 4.8 Kg/m2; n = 

21 comparator, M = 23.6 ± 3.6 Kg/m2, 81% female, BMI = 24.1 ± 4.2 Kg/m2; n = 20 standard 
psychoeducational intervention (Two arms of interest: augmented intervention; comparator/no 
intervention). 

Interventions Intervention: 1x psychoeducational standard intervention + 7x SMS/week with reminders of intentions 
Comparator: no intervention but PA assessment 

Outcomes Mean counts/min, Objectively measured via uniaxial accelerometer (ankle) 
Behaviour Change 
Techniques 

Intervention: 1.4. Action planning, 3.1. Social support (unspecified), 4.1. Instruction on how to perform the 
behavior, 5.1. Information about health consequences, 7.1. Prompts/cues 
Comparator: 

Inclusion criteria Adult 18-34 years old, own a mobile phone, self-reported exercise frequency of maximum 1 day/week for 
< 1h 

Exclusion criteria - 
Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Unclear risk "Participants were randomly assigned to one of three intervention arms: no intervention (n 
= 21, 17 women), standard psy- choeducational intervention (n = 20, 12 women), and 
augmented intervention (n = 22, 14 women)". 

Allocation 
concealment 

Unclear risk No information. 

Blinding of 
participants and 
personnel 

High risk "The study was advertised as a study on objectively assessed physical activity as performed 
in everyday-life."; "Participants of both intervention arms attended the psychoeducational 
session in mixed groups and were not informed beforehand about their membership in one 
of the two intervention groups. However, they were told that some of them would receive 
short text messages during the next week."; "Then their height and weight were assessed by 
the experimenter." 

Blinding of 
outcome 
assessment 

Low risk "Physical activity was recorded by means of uniaxial accelerometers (Actigraph GT1M) 
attached to the ankle of the non-dominant foot 1 week prior to the intervention session 
(week 1) and 1 week following the session (week 2)." The primary outcome was measured 
objectively, unclear impact on participants'/reactivity; other outcomes were self-reported. 

Incomplete 
outcome data 

Low risk "One individual in the augmented intervention group did not wear the device at all at post-
assessment, thus leaving a total sample size of 21 individuals in this group." 

Selective 
reporting 

Low risk "Physical activity was recorded by means of uniaxial accelerometers (Actigraph GT1M) 
attached to the ankle of the non-dominant foot 1 week prior to the intervention session 
(week 1) and 1 week following the session (week 2)."; "At the end of the intervention, 
participants were instructed to rate on a 3-point scale to what extent they believed their 
physical activity had changed from pre-assessment to post- assessment (physical activity 
increased, stayed about the same, decreased)."; Use of mobile phone, familiarity with 
SMS; Self-efficacy with modified version of the self-efficacy scale for physical exercise; 
Satisfaction with intervention by short questionnaire; BMI. All outcomes listed in the 
methods section appear reported. 

Other bias Unclear risk It appears that analyses were not adjusted for baseline values, outcomes were assessed 
using a valid instrument. "... we calculated a repeated measures- ANOVA with group as 
between-subject factor (control, inter- vention, intervention plus SMS) and time as within-
subject factor (pre- vs. post-assessment)." 
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Shapiro 2008   

Methods Three arms randomised controlled trial (two of interest), 8 weeks intervention 
Participants N = 58 children; n = 18 SMS intervention, M = 8.4 ± 2.3 years, 72% female, BMI = 28.6 ± 6.2 Kg/m2; n = 

22 comparator, M = 8.5 ± 2.3 years, 59% female, BMI = 26.2 ± 6.7 Kg/m2; n = 18 paper diaries (Two arms 
of interest: SMS intervention; comparator/no-monitoring control). 

Interventions Intervention: 1x psychoeducational session/week (total = 3) + self-monitoring SMS with feddback + 
pedometer 
Comparator: 1x psychoeducational session/week (total = 3) + no monitoring + pedometer 

Outcomes Exercise time (min/day) + Screen time (min/day), Self-reported 
Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 2.4. Self-monitoring of outcomes of behavior, 2.7. Feedback on 
outcome of behavior, 3.1. Social support (unspecified), 4.1. Instruction on how to perform the behavior, 
8.2. Behavior substitution, 12.5. Adding objects to the environment 
Comparator: 1.1. Goal setting (behavior), 3.1. Social support (unspecified), 4.1. Instruction on how to 
perform the behavior, 8.2. Behavior substitution, 12.5. Adding objects to the environment 

Inclusion criteria Children of any weight, with no major metabolic problems associated with obesity, aged 5-13 years, with 
anticipated parent participation (same 
parent must attend each session as parents were both a means to help children and to acquire accurate 
data), fluency in English 

Exclusion criteria  
Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "Fifty-eight eligible families were randomized on a 1:1:1 basis (SMS: 18, PD: 18, C: 22) 
using the uniform random number generator in SAS..." 

Allocation 
concealment 

Unclear risk No information. 

Blinding of 
participants and 
personnel 

High risk "All families participated in a total of 3 educational group sessions (90 minutes each) 
weekly, for 3 weeks. All groups were facilitated by the same psychologist. Members of each 
group met only with others in the same condition."; "They were instructed to send 2 SMS 
per day (one for parent and one for child), daily for the full 8 weeks of the study, and for 
each SMS sent, they would each receive an immediate, automated SMS feedback message 
from the program hosted on a secure server." 

Blinding of 
outcome 
assessment 

Unclear risk "Parents answered the questions for themselves, and parent and child together answered 
for the child." 

Incomplete 
outcome data 

High risk "A total of 31 completed the study (SMS: 13/18, PD: 7/18, C: 11/22). Differences in 
attrition were analyzed using the Fisher exact P value. Although not statistically significant 
(P .15) owing to the small sample size, the number of dropouts was substantially lower in 
SMS (n=5, 27.8%) than in PD (n=11, 61.1%) or C (n=11, 50.0%)". 

Selective 
reporting 

Low risk "Families in SMS and PD completed daily responses to 3 questions: (1) what was the 
number on your pedometer today? (2) how many SSB did you drink today? and (3) how 
many minutes of screen time did you have today? Means from weeks 1 and 8 constituted 
baseline and post-treatment. All families also responded to the following questions at both 
baseline and post-treatment: “On average over the past week, for each day: (1) how many 
minutes did you spend exercising? (2) how many SSB did you consume? and (3) how many 
minutes of TV did you watch?” 
Parents and children completed treatment acceptability questions at post-treatment (Table 
2). Height, weight. All outcomes appear reported, pilot study. 

Other bias Unclear risk Unclear whether analyses were adjusted for baseline values; some outcomes assessed using 
non validated measures. "All families also responded to the following questions at both 
baseline and post-treatment: (...) Although not validated, these questions were used to 
explore the preliminary efficacy of SMS in promoting behavior change." 
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Shuger 2011 

Methods Four arms randomised controlled trial (three of interest), 36 weeks intervention. Trial registration: 
NCT00957008 

Participants N = 197 sedentary overweight/obese adults; n = 49 (SWA alone) SenseWear Armband alone, M = 47.7 ± 
11.6 years, 82% female, BMI = 33.2 ±5.4 kg/m2; n = 48 (SWA + GWL) SenseWear Armband + Group 
Weight Loss, M = 45.7 ± 10.4 years, 82% female, BMI = 33.0 ± 5.0 Kg/m2; n = 50 Standard Care, M = 
47.2 ± 8.9 years, 84% female, BMI = 33.7 ± 5.5 Kg/m2; n = 49 Group Weight Loss (Three arms of interest: 
SWA alone; SWA + GWL; Standard Care) 

Interventions Intervention (SWA alone): SenseWear Armband + wrist watch + weight loss manual 
Intervention (SWA + GWL): SenseWear Armband + wrist watch + group sessions + weight loss manual 
Comparator: standard care self-directed weight loss program manual 

Outcomes Steps/day, MVPA (mins/day), Total and MVPA EE (Kcal/day)(SenseWear Armband, tri-axial 
accelerometer); Objectively measured 

Behaviour Change 
Techniques 

Intervention (SWA alone): 1.1. Goal setting (behavior), 2.2. Feedback on behavior, 2.3. Self-monitoring of 
behavior, 4.1. Instruction on how to perform the behavior, 8.3. Habit formation, 12.5. Adding objects to the 
environment 
Intervention (SWA + GWL): 1.1. Goal setting (behavior), 1.2. Problem solving, 1.5. Review behavior 
goals, 2.2. Feedback on behavior, 2.3. Self-monitoring of behavior, 3.1. Social support (unspecified), 4.1. 
Instruction on how to perform the behavior, 8.1. Behavioral practice/rehearsal, 8.3. Habit formation, 11.2. 
Reduce negative emotions, 12.5. Adding objects to the environment 
Comparator: 1.1. Goal setting (behavior), 2.3. Self-monitoring of behavior, 4.1. Instruction on how to 
perform the behavior, 8.3. Habit formation 

Inclusion criteria Men or women aged 18-65 years; underactive (<150 minutes of MVPA/week in bouts ≥ 10 minutes); 
overweight or obese (BMI) = 25-45 kg/m2); access to the internet 

Exclusion criteria Significant weight loss (> 9Kg) in the last 6 months; elevated blood pressure (160/ 95 mm Hg); ailments 
that limited PA; serious medical conditions or other issues (eg. pregnancy or depression) that 
contraindicated or confounded the weight loss intervention 

Risk of Bias Judgement Support for judgement 
Random sequence 
generation 

Low risk Protocol paper: "The randomization process was performed by the study statistician 
based on a 
computer-automated randomization sequence. The sequence was determined from 
randomly permuted blocks of equal length with each having a fixed number of treatment 
allotments to balance the treatment enrollments over time. Although randomization 
theoretically leads to an equality of all factors in both intervention and standard care 
groups, we employed a stratification procedure to ensure equal numbers of participants 
with specific and potentially confounding characteristics in all four groups. 
Randomization was stratified based on age, sex, baseline BMI, and availability to attend 
the GWL sessions." 
Results paper: "Eligible participants were randomly assigned after completing run-in and 
baseline assessments. The randomization sequence was computer generated. The 
sequence was determined from randomly permuted blocks of equal length with fixed 
numbers of treatment allotments each, to balance treatment enrollments over time." 

Allocation 
concealment 

Unclear risk Protocol paper: "During the randomization visit, all participants received the evidence-
based weight loss manual, an envelope containing their randomization assignment, and a 
brief health education session with handouts that covered physical activity, healthy 
eating, and weight loss." Unclear whether the envelope was numbered, opaque. 

Blinding of 
participants and 
personnel 

High risk Protocol paper: "The physical activity education provided an overview of what constitutes 
physical activity, physical activity benefits, different types of physical activity, current 
physical activity recommendations, tips for starting physical activity, and warning signs 
and symptoms for heart attack and stroke. (...) All participants were also reminded of 
study expectations for the group to which they were assigned. Participants randomized to 
SWA alone received a 90-min training session on how to use the armband and 
corresponding website."; "Throughout the study, the GWL + SWA and SWA-alone group 
participants used the self-monitoring device to aid behavior change via real-time lifestyle 
feedback targeting physical activity and dietary tracking". 
Trial registration: "Masking: Open Label". 

Blinding of 
outcome 
assessment 

Low risk Protocol paper: "At the conclusion of this session, participants were asked to wear the 
armband for 7 days to assess baseline physical activity levels and (...) Participants 
received no feedback from the armband during this period."; "During the baseline and 
month 9 assessments, no participants received physical activity and energy balance 
feedback from the SenseWear platform." ; "Physical activity levels were assessed using 
the armband. The armband is a commercially available (www.bodymedia.com) 
lightweight physical activity monitor that is worn on the upper left arm halfway between 
the acromion and olecranon processes." 
Results paper: "Our study had several strengths: a randomized design, primary and 
secondary outcomes assessed, including objective measures of adiposity, outcomes 
assessed by researchers blinded to group assignment,...". 

Incomplete 
outcome data 

Low risk Protocol paper: "Differences between the four study arms in the two primary endpoints 
will be tested according to the intention-to-treat philosophy. All randomized participants 
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will be analyzed according to their group assignment at randomization, regardless of 
adherence to the intervention." 
Results paper: Figure 1 shows all who were randomised were included in the primary 
analysis. "... there was a large attrition rate, particularly from the Standard Care group, 
where only 52% of the initial sample had complete data at month 9. Although the attrition 
rate is disappointing, it does not diminish our findings. Those lost to follow-up were 
similar to those who completed the study with the exception of a difference in education 
levels. Moreover, since we assumed no weight loss occurred in individuals lost to follow-
up (initial weights carried forward), attrition biases our results toward finding no effect 
rather than overstating the effects of our interventions 
"Moreover, since we assumed no weight loss occurred in individuals lost to follow-up 
(initial weights carried forward), attrition biases our results toward finding no effect 
rather than overstating the effects of our interventions." 

Selective reporting High risk "The primary outcomes were body weight (kg) and waist circumference (cm). Secondary 
outcomes were BMI (kg/ m2) and percent body fat."; "This device uses four sensors to 
assess energy expenditure, sleep duration and efficiency, physical activity levels 
(sedentary, moderate, vigorous) and duration, steps, and on/off body wear time." 
Outcomes listed on the trial registration and on the protocol paper are the same. However, 
for some of the outcomes reported on the results paper there are inconsistencies (e.g. no 
tertiary outcomes - blood pressure, blood markers, quality of life). Weekly energy 
expenditure in physical activity is listed as a secondary outcome but only baseline data is 
presented (no 4 or 9 month); BMI is presented as a secondary outcome but this was not 
defined on the trial protocol/registration. The authors kindly shared physical activity 
related outcomes when contacted. 

Other bias Low risk Protocol paper: "All analyses will take into account prespecified covariates, including (...) 
baseline values of outcome measures." Analyses adjusted for baseline values; outcome 
assessed using a valid measure. 
Results paper, Competing interests disclosure: "This study was funded by an unrestricted 
research grant from BodyMedia, Inc to Steven N. Blair, Principal Investigator. Dr. Blair 
and the research team at the University of South Carolina planned and executed the 
study, analyzed the data, and wrote the manuscript. None of the members of the research 
team own any shares in BodyMedia, Inc; and none of them hold patents, nor are they 
applying for any patents related to this research." 
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Sirriyeh 2010    

Methods Four arms randomised controlled trial, 2 weeks intervention 
Participants N = 120 adolescents enrolled in state schools, M = 17.3 ± 0.68, 70% female; n = 32 affective; n = 31 

instrumental; n = 33 combined; n = 32 comparator 
Interventions Intervention (affective): 1x SMS/day to manipulate affective beliefs 

Intervention (instrumental): 1x SMS/day to manipulate instrumental beliefs 
Intervention (combined): 1x SMS/day to manipulate affective and instrumental beliefs 
Comparator: 1x SMS/week neutral 

Outcomes MVPA MET minutes/week computed from the International Physical Activity Questionnaire - IPAQ short 
form (modified: questions relating to walking and sitting were removed) 

Behaviour Change 
Techniques 

Intervention affective: 5.6. Information about emotional consequences, 7.1. Prompts/cues 
Intervention instrumental: 5.1. Information about health consequences, 7.1. Prompts/cues 
Intervention combined: 5.1. Information about health consequences, 5.6. Information about emotional 
consequences, 7.1. Prompts/cues 
Comparator: 7.1. Prompts/cues 

Inclusion criteria Aged 16-19 years; full time students; possession of a mobile phone 
Exclusion criteria - 
Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "After each school recruitment session, participants from that school were randomly 
allocated to one of four groups by the first author using a random number generator 
(Haahr, 2004) prior to the next school recruitment. This stratification ensured that there 
was an equal distribution of participants from each school in each of the experimental 
groups and the control group." 

Allocation 
concealment 

Low risk "Neither the researcher nor participant had any knowledge of who was allocated to which 
group as the questionnaires were coded by group by an independent researcher." 

Blinding of 
participants and 
personnel 

High risk "A control message was used in an attempt to blind participants to condition, but the 
number of messages was kept to a minimum to reduce the impact of simply receiving a text, 
which may have acted as a cue to activity." ; "Each SMS text message was delivered at 4 
p.m. at the end of the school day to minimize the likelihood of cross-contamination."; 
"Participants were required to read each message privately to reduce cross-contamination 
between participants in each of the groups." ; "The delivery of messages after class, and 
inclusion of individuals from a range of sixth forms may have minimized the likelihood of 
crosscontamination, but there remains the possibility of shared messages within friendship 
groups." 

Blinding of 
outcome 
assessment 

Low risk "Participants were issued with the initial questionnaire by teachers during morning 
registration"; "Neither the researcher nor participant had any knowledge of who was 
allocated to which group as the questionnaires were coded by group by an independent 
researcher."; "Following the intervention period, the second questionnaire was completed 
using the same protocol".; "...problems of assessing PA through self-report such as lack of 
precision (...). The self-report IPAQ, although argued to be a reliable and valid measure, 
possesses a number of sources of bias, such as retrospective recall, over-reporting, and 
social 
desirability bias,...". (we considered this to be a characteristic of all PA self-report 
instruments but such opportunities for bias are likely equivalent across groups). 

Incomplete 
outcome data 

Unclear risk "A total of 120 participants completed T2 measures of PA (128 were randomised) 
representing 94% retention."; "After checking for outliers, two cases were removed from 
further analysis". No information on attempts to deal with the missing data or its possible 
impacts. 

Selective 
reporting 

Unclear risk "PA behaviour was measured using the validated and widely used, self-report International 
Physical Activity Questionnaire (IPAQ)." ; "Evidence to suggest that the only forms of PA 
to be recorded accurately by older children and adolescents through self-report have been 
formal or discrete units of activity such as sport or structured exercise, resulted in the 
decision to focus only on moderate or vigorous activities.Thus, questions relating to 
walking and sitting were removed from the IPAQ in an attempt to reduce inaccurate 
reporting". 

Other bias Unclear risk Analyses adjusted for baseline values; outcome assessed using a valid measure but 
"Modifications were made to the original form of the IPAQ due to the target population. 
Evidence to suggest that the only forms of PA to be recorded accurately by older children 
and adolescents through self-report have been formal or discrete units of activity such as 
sport or structured exercise, resulted in the decision to focus only on moderate or vigorous 
activities (Fox & Riddoch, 2000). Thus, questions relating to walking and sitting were 
removed from the IPAQ in an attempt to reduce inaccurate reporting.". 

 

  



Appendices 1 - Chapter 3 supplementary material 

 236 

Turner-McGrievy 2009   

Methods Two arms randomised controlled trial, 12 weeks intervention. Trial registration: NCT00771095 
Participants N = 78 overweight men and women ; n = 41 intervention, M = 37.7 ± 11.8 years, 68% female, BMI = 31.8 

± 3.2 kg/m2; n = 36 comparator, M = 39.6 ± 12.2 years, 81% female, BMI = 31.4 ± 4.1 kg/m2 
Interventions Intervention: 2x enhanced podcast/week + book with calorie and fat gram amounts of food 

Comparator: 2x weight-loss podcast/week + book with calorie and fat gram amounts of food 
Outcomes MVPA and Walking (mins/week and days/week) + Sitting (hours/day) computed from the International 

Physical Activity Questionnaire - IPAQ short form; Self-reported 
Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 2.3. Self-monitoring of behavior, 5.1. Information about health 
consequences 
Comparator: 11.2. Reduce negative emotions, 12.3. Avoidance/reducing exposure to cues of the behavior, 
13.2. Framing/reframing 

Inclusion criteria Overweight and obese men and women (BMI 25–40 kg/m2); own a digital music player (MP3 player); 
access to a body-weight scale 

Exclusion criteria Unstable medical status (conditions that could preclude study participation, such as cardiovascular 
disease); history of an eating disorder; pregnancy; alcohol or drug abuse; tobacco use; mental illness; 
diabetes mellitus; an uncontrolled thyroid condition 

Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Unclear risk "After a participant was accepted into the pilot study, he or she was randomly assigned to 
receive a currently available weight-loss podcast (control podcast) considered to be 
accurate and popular based on a content analysis (unpublished observations, 2008) or a 
theory-based weight-loss podcast designed by the researchers (enhanced podcast) in 
2008." 

Allocation 
concealment 

Unclear risk See above. 

Blinding of 
participants and 
personnel 

High risk Trial registration: "Masking: Open Label"; 
Results paper: "Participants were not told the condition to which they were assigned until 
they arrived at the meeting. They were told that two different podcasts were being tested 
but were not told about the differences between the podcasts." 

Blinding of 
outcome 
assessment 

High risk "Participants attended an introductory meeting where they were weighed in light clothing 
with a digital scale accurate to 0.1 kg, measured for height with shoes off, completed 
information on baseline demographics, and learned how to download podcasts. 
Participants also completed questionnaires..." 

Incomplete 
outcome data 

Low risk "All data collection and analyses were conducted in 2008 using intention-to-treat by 
bringing baseline values forward for participants who attended the introductory meeting 
but did not complete the study."; "Of the 94 who were accepted into the study, 16 (17%) 
did not attend the introductory meeting (nine in the control group and seven in the 
enhanced group), and therefore randomization was not revealed and no data were 
collected on these participants; thus, they are not included in the intention-to-treat 
analysis." 

Selective 
reporting 

Low risk Results paper: "Weight was measured on a digital scale at baseline and follow-up. Both 
groups also completed questionnaires assessing demographic information, food intake, 
physical activity, and SCT constructs at the introductory and 12-week meetings. Additional 
questionnaires at the 12-week meeting assessed perceptions of the intervention." 
Trial registration: Weight is listed as the primary outcome and only elaboration as the 
secondary outcome (ELM). More outcomes were reported than the ones listed on the trial 
registration. The authors kindly shared additional data from the IPAQ following our 
request. 

Other bias Unclear risk Results paper: "Between-subjects t tests were calculated for all measures". Inconsistency in 
the inclusion criteria between the results paper (BMI = 25-40 kg/m2) and the trial 
registration (BMI = 25-35). Outcomes assessed using valid measures. 
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Turner-McGrievy 2011   

Methods Two arms randomised controlled trial, 24 weeks intervention. Trial registration: NCT01139255 
Participants N = 83; n = 47 intervention, M = 42.6 ± 10.7 years, 77% female, BMI = 32.9 ± 4.8 Kg/m2; n = 49 

comparator, M = 43.2 ± 11.7 years, 73% female, BMI = 32.2 ± 4.5 Kg/m2 
Interventions Intervention: 2x 15 min podcast/week (1-3 month) and 2x 5 min minipodcasts/week (3-6 month) + 

physical activity and diet monitoring app (FatSecret's Calorie Counter) + Twitter (counselors 2x post/day 
and participants encouraged 1x/day) 
Comparator: 2x 15 min podcast/week (1-3 month) and 2x 5 min minipodcasts/week (3-6 month) + book 
with calorie and fat gram amounts of food 

Outcomes Total PA EE (Kcals/day) computed from the Paffenbarger Physical Activity Questionnaire - PPAQ; Self-
reported 

Behaviour Change 
Techniques 

Intervention: 1.1. Goal setting (behavior), 1.2. Problem solving, 2.3. Self-monitoring of behavior, 3.1. 
Social support (unspecified), 4.1. Instruction on how to perform the behavior, 5.1. Information about health 
consequences, 6.3. Information about others' approval, 7.1. Prompts/cues 
Comparator: 1.1. Goal setting (behavior), 1.2. Problem solving, 2.3. Self-monitoring of behavior, 4.1. 
Instruction on how to perform the behavior, 5.1. Information about health consequences, 6.3. Information 
about others' approval 

Inclusion criteria Overweight and obese men and women (BMI 25–45 kg/m2;18–60 years; access to a body weight scale; 
own an Internet-capable mobile devices (iPhone, iPod Touch, BlackBerry, or Android); access to the 
internet 

Exclusion criteria Smoker; unstable medical status or uncontrolled thyroid condition; unable to attend visits or increase 
walking as a form of exercise; psychiatric illness; in treatment for alcohol/drug dependency; eating 
disorder; currently participating in a weight-loss program; were pregnant, breastfeeding, or planning on 
becoming pregnant within the next 6 months; history of myocardial infarction or stroke (had to obtain 
physician consent for participation if endorsing yes on other items of the Physical Activity Readiness 
Questionnaire 

Risk of Bias Judgement Support for judgement 
Random 
sequence 
generation 

Low risk "Participants were randomly assigned using a computerized random numbers generator 
(as conducted by study investigators) once they completed of all their baseline 
questionnaires." 

Allocation 
concealment 

Unclear risk "Once all baseline measures were collected, participants were given an overview of which 
group they were randomly assigned to and were provided with more details about group 
assignment." 

Blinding of 
participants and 
personnel 

High risk Trial registration: "Masking: Open Label". 
Results paper: "... participants were given an overview of which group they were randomly 
assigned to and were provided with more details about group assignment. Both conditions 
were active treatments and participants were not told which group was the intervention of 
interest or enhanced group. Neither study participants nor investigators were blind to 
treatment assignment." 

Blinding of 
outcome 
assessment 

High risk 
"Neither study participants nor investigators were blind to treatment assignment." 

Incomplete 
outcome data 

Unclear risk Methods for handling missing data vary across outcomes. "We conducted all data 
collection and analyses using intention-to-treat by using imputation (baseline observation 
carried forward), with the exception of some variables that we collected only at 6 months 
(such as information processing variables), which we assessed using completers only." 

Selective 
reporting 

Low risk Outcomes listed in the methods are reported in the results. "Change in body weight was the 
main outcome of the study, and body weight was collected at baseline, 3 months, and 6 
months at the study site. In addition to the diet, physical activity, and psychosocial 
measures discussed above, other measures were collected at both 3 and 6 months including 
novelty, cognitive load, user control, elaboration (Elaboration Likelihood Model 
Questionnaire), and process evaluation questions, all via online questionnaire. 
Participants were also sent a weekly online questionnaire link so they could report the 
number of podcasts they had listened to that week, their weight, number of days they 
monitored their diet and physical activity, and, for the Podcast+Mobile group, 
questionnaire items assessing use of Twitter... The number of Twitter messages per 
participant was also recorded over the course of the study, and an objective measure of 
number of downloads per podcast by treatment group was obtained from the podcast 
hosting site.". 

Other bias Unclear risk Trial registry only specifies the primary outcome (i.e. weight) and no intermediary 
measurement timepoint (i.e. 3 months). No secondary outcome measures are listed on the 
trial registry; possible reporting bias.Outcomes assessed using valid measures. Results 
paper: "Between-subjects t tests were calculated for differences between continuous 
variables, and paired-samples t tests were used to examine differences within groups." 
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Appendix 1.3 Baseline and post-intervention outcome data of included studies. 

Table 2. Baseline characteristics of participants in intervention studies examining mHealth technologies to promote PA and reduce SB among free-living 
individuals, 2007-2015 

First Author, Year Intervention  Comparison 
n Mean Age 

years (SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB 

Outcome Mean 
(SD) 

 n Mean Age 
years (SD) 

Female 
Sex 

BMI PA/SB Outcome PA/SB 
Outcome Mean 

(SD) n %  n % 
Hurling, 2007 47 40.5 (7.1) 30 64 26.2 

(2.8) 
MPA acc. (min/day)1 21.7 (5.0)  30 40.1 (7.7) 21 70 26.5 

(4.1) 
MPA acc. (min/day) 20.4 (5.1) 

     MPA MET mins 
(/day) 

621.4 (457.1)       MPA MET mins 
(/day) 

552.6 (322.4) 

King, AC, 2008 19 60.7 (6.8) 8 42.1  MVPA (min/day) 17.7 (16.4)  18 59.6 (7.6) 8 44.4  MVPA (min/day) 30.7 (23.7) 
      MVPA caloric 

expenditure (kg/day) 
1.1 (1.1)       MVPA caloric 

expenditure (kg/day) 
1.9 (1.6) 

Shapiro, JR, 2008 18 8.4 (2.3) 13 72.2 28.6 
(6.2) 

Exercise (min/day) 102.9 (48.5)  22 8.5 (2.3) 13 59.1 26.2 
(6.7) 

Exercise (min/day) 129.2 (126.3) 

      Screen time (min/day) 149.3 (90.0)       Screen time (min/day) 188.6 (197.1) 
Turner-McGrievy, 
2009 

41 37.7 (11.8) 28 68 31.8 
(3.2) 

Vigorous PA 
(min/day) 

4.3 (5.0)  36 39.6 (12.2) 29 81 31.4 
(4.1) 

Vigorous PA 
(min/day) 

4.5 (5.2) 

      Moderate PA 
(min/day) 

5.3 (8.7)       Moderate PA 
(min/day) 

3.9 (6.3) 

      MVPA (min/day) 9.6 (7.1)       MVPA (min/day) 8.4 (5.7) 
      Walking (min/day) 6.2 (7.4)       Walking (min/day) 5.1 (4.7) 
      Sitting (min/day) 540 (192)       Sitting (min/day) 570 (366) 
      Vigorous PA 

(days/week) 
1.2 (1.4)       Vigorous PA 

(days/week) 
1.8 (1.8) 

      Moderate PA 
(days/week) 

1.3 (1.6)       Moderate PA 
(days/week) 

1.6 (1.9) 

      Walking (days/week) 3.8 (2.5)       Walking (days/week) 4.3 (2.2) 
Fjeldsoe, 2010, 45 28 (6) 45 100 27 (5) MVPA (min/day) 23.5 (24.4)  43 31 (6) 43 100 27 (6) MVPA (min/day) 12.0 (24.4) 
      Walking (min/day) 11.9 (14.8)       Walking (min/day) 6.9 (14.8) 
      MVPA (days/week) 1.8 (1.5)       MVPA (days/week) 1.7 (1.4) 
      Walking (days/week) 1.6 (1.9)       Walking (days/week) 1.1 (1.8) 
Prestwich, 2010, (II 
+ plan) 

47 22.2 (5.0) 28 60 22.4 
(3.6) 

Walking (min/day) 7.2 (8.5)  50 23.6 (4.5) 34 68 23.1 
(4.3) 

Walking (min/day) 6.0 (9.9) 

 46     Total PA (min/day) 15.7 (17.8)  50     Total PA (min/day) 13.3 (18.1) 
 47     Walking  ³ 30 min 0.68 (0.96)  50     Walking  ³ 30 min 0.71 (1.17) 
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First Author, Year Intervention  Comparison 
n Mean Age 

years (SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB 

Outcome Mean 
(SD) 

 n Mean Age 
years (SD) 

Female 
Sex 

BMI PA/SB Outcome PA/SB 
Outcome Mean 

(SD) n %  n % 
(days/week) (days/week) 

 47     Total PA ³ 30 min 
(days/week) 

1.40 (1.51)  50     Total PA ³ 30 min 
(days/week) 

1.35 (1.51) 

Prestwich, 2010, (II 
+ goal) 

52 24.4 (6.9) 33 64 23.2 
(3.7) 

Walking (min/day) 7.1 (15.1)  50 23.6 (4.5) 34 68 23.1 
(4.3) 

Walking (min/day) 6.0 (9.9) 

 52     Total PA (min/day) 12.4 (18.1)  50     Total PA (min/day) 13.3 (18.1) 
 52     Walking  ³ 30 min 

(days/week) 
0.63 (1.52)  50     Walking  ³ 30 min 

(days/week) 
0.71 (1.17) 

 52     Total PA ³ 30 min 
(days/week) 

1.10 (1.69)  50     Total PA ³ 30 min 
(days/week) 

1.35 (1.51) 

Sirriyeh, 2010, 
(affective) 

32 17.3 (0.7) 23 70  MVPA MET 
minutes/day 

  32 17.3 (0.7) 22 70  MVPA MET 
minutes/day 

 

Sirriyeh, 2010, 
(instrumental) 

31 17.3 (0.7) 22 70  MVPA MET 
minutes/day 

  32 17.3 (0.7) 22 70  MVPA MET 
minutes/day 

 

Sirriyeh, 2010, 
(combined) 

33 17.3 (0.7) 23 70  MVPA MET 
minutes/day 

  32 17.3 (0.7) 22 70  MVPA MET 
minutes/day 

 

Shuger, SL, 2011 
(SWA alone) 

49 47.7 (11.6) 40 82 33.2 
(5.4) 

Steps/day 7155.9 (2866.9)  47 47.2 (8.9) 42  84 33.7 
(5.5) 

Steps/day 7367.7 (2321.8) 

      MVPA (mins/day) 53.3 (29.7)       MVPA (mins/day) 55.0 (29.0) 
      MVPA EE ³3 MET 

(Kcals/day) 
327.4 (200.2)       MVPA EE ³3 MET 

(Kcals/day) 
349.8 (238.4) 

      Total EE (Kcals/day) 1902.5 (490.3)       Total EE (Kcals/day) 1945.9 (494.4) 
Shuger, SL, 2011 
(SWA+GWL) 

48 45.7 (10.4) 40 82 33.0 
(5.0) 

Steps/day 6922.9 (2326.2)  47 47.2 (8.9) 42  84 33.7 
(5.5) 

Steps/day 7367.7 (2321.8) 

      MVPA (mins/day) 54.1 (28.1)       MVPA (mins/day) 55.0 (29.0) 
      MVPA EE ³3 MET 

(Kcals/day) 
337.9 (223.5)       MVPA EE ³3 MET 

(Kcals/day) 
349.8 (238.4) 

      Total EE (Kcals/day) 1938.8 (485.3)       Total EE (Kcals/day) 1945.9 (494.4) 
Turner-McGrievy, 
2011 

47 42.6 (10.7) 36 77 32.9 
(4.8) 

Total PA EE 
(kcals/day) 

112.1 (101.3)  49 43.2 (11.7) 36 73 32.2 
(4.5) 

Total PA EE 
(kcals/day) 

116.0 (115.7) 

Schwerdtfeger AR, 
2012 

22 23.9 (4.1) 14 67 23.1 
(4.8) 

Mean counts/min 696.5 (242.4)  21 23.6 (3.6) 17 81 24.1 
(4.2) 

Mean counts/min 707.2 (273.0) 

Adams, MA, 2013 10 34.5 (8.1) 9 90 29.8 
(2.9) 

Steps/day 4.555 (843)  10 39.3 (10.0) 8 80 30.1 
(2.2) 

Steps/day 5364 (1145) 

Allen, JK, 2013 
(SP+IC) 

16 45.6 (9.3) 11 69 34.3 
(3.9) 

MVPA (mins/day) 42 (48.9)  18 42.5 (12.1) 14 78 34.1 
(4.1) 

MVPA (mins/day) 42.9 (44.6) 

Allen, JK, 2013 (SP 17 46.4 (9.6) 13 77 33.5 MVPA (mins/day) 45.4 (46.3)  18 42.5 (12.1) 14 78 34.1 MVPA (mins/day) 42.9 (44.6) 
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First Author, Year Intervention  Comparison 
n Mean Age 

years (SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB 

Outcome Mean 
(SD) 

 n Mean Age 
years (SD) 

Female 
Sex 

BMI PA/SB Outcome PA/SB 
Outcome Mean 

(SD) n %  n % 
+ LIC) (3.5) (4.1) 
Allen, JK, 2013 (SP 
alone) 

17 45.3 (13.2) 15 88 35.3 
(4.1) 

MVPA (mins/day) 30 (31.7)  18 42.5 (12.1) 14 78 34.1 
(4.1) 

MVPA (mins/day) 42.9 (44.6) 

Bickmore, TW, 
2013 

132 71.7 (5.6) 89 67 29.6 Steps/day 4335 (2498)  131 71.3 (5.4) 72 55 29.4 Steps/day 4303 (2747) 

Kim, BH, 2013 26 69.3 (7.3) 21 81 31.4 
(7.4) 

Steps/day 5852 (1961.4)  10 70.6 (7.5) 8 80 30.2 
(7.0) 

Steps/day 4382.4 (2085) 

      Total PA MET/day? 11.8 (6.4)       Total PA MET/day? 10.4 (3.7) 
King, AC, 2013 
(analytic) 

22 59.1 (9.2) 16 74 29.6 
(6.2) 

Walking (min/day)  12.7 (14.3)         

      MVPA (min/day) 15.4 (19.5)         
      TV viewing (min/day) 175.5 (84.3)         
King, AC, 2013 
(social) 

23 59.1 (9.2) 17 74 29.6 
(6.2) 

Walking (min/day)  10.8 (10.0)         

      MVPA (min/day) 8.8 (9.0)         
      TV viewing (min/day) 210.0 (137.3)         
King, AC, 2013 
(affect) 

23 59.1 (9.2) 17 74 29.6 
(6.2) 

Walking (min/day)  10.5 (15.4)         

      MVPA (min/day) 19.0 (25.1)         
      TV viewing (min/day) 157.1 (78.1)         
Patrick, K, 2013 24 14.3 (1.8) 12 50  MVPA (min/day) 44.6 (1.8)  25 14.5 (1.5) 18 72  MVPA (min/day) 54.1 (1.6) 
      SB (mins/day) 234 (332.2)       SB (mins/day) 324 (336) 
Duncan, MJ, 2014 205 44.2 (5.9) 0 0  Total PA (min/day) 40.9 (50.6)  96 43.8 (5.8) 0 0  Total PA (min/day) 39.7 (40.8) 
      Total PA 

(sessions/week) 
5.1 (5.1)       Total PA 

(sessions/week) 
5.1 (5) 

Fassnacht, D, 2015 20 9.5 (0.3) 8 36 1.0 (1.3) 
z-score 

MVPA (mins/day) 102 (66)  25 9.6 (0.4) 18 67 0.6 (0.9) 
z-score 

MVPA (mins/day) 126 (84) 

 22     Screen time 
(mins/day) 

72 (60)  27     Screen time 
(mins/day) 

90 (72) 

Glynn, LG, 2014 37 42 (11) 35 78 27.4 
(6.0) 

Steps/day 4365 (2732)  41 46 (11) 23 51 28.9 
(4.9) 

Steps/day 5138 (3873) 

Hebden, L, 2014 12 22.6 (5.4) 22 85 27.3 
(2.1) 

MVPA (min/day) 50.4 (26.5)  15 23.1 (3.7) 19 76 27.2 
(2.5) 

MVPA (min/day) 44.0 (25.6) 

 12     LPA (min/day) 205.9 (44.2)  15     LPA (min/day) 216.2 (41.0)  
 12     Sedentary (min/day) 584.6 (69.4)  15     Sedentary (min/day) 563.1 (94.3)  
 26     Total PA (min/day) 37.0 (35.3)  25     Total PA (min/day) 32.9 (23.6) 
 26     Total PA (MET- 166.4 (196.3)  25     Total PA (MET- 150.7 (127.9) 
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First Author, Year Intervention  Comparison 
n Mean Age 

years (SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB 

Outcome Mean 
(SD) 

 n Mean Age 
years (SD) 

Female 
Sex 

BMI PA/SB Outcome PA/SB 
Outcome Mean 

(SD) n %  n % 
min/day) min/day) 

 25     Sitting (min/day) 752.8 (188.0)  24     Sitting (min/day) 663.6 (177.1) 
Knight, E, 2014 
(SB) 

14 63 (4) 9 64 33.8 (4) Steps/day 6343 (3325)         

Knight, E, 2014 
(EX) 

15 63 (5) 7 46 30.4 (5) Steps/day 9258 (5412)         

Knight, E, 2014 
(combined) 

16 62 (4) 9 56 29.6 (6) Steps/day 9194 (3306)         

1 = (number of accelerometer epochs during 3-week initiation period*2-min epochs) / 21 days; PA: Physical Activity; BMI: Body mass index; MVPA: Moderate-to-vigorous-intensity physical 
activity; MPA: Moderate Physical Activity; MV: Moderate-to-vigorous; MET: Metabolic Equivalent of Task; SB: Sedentary Behaviour; II: Implementation intentions; SWA: 
Sensewear armband; GWL: Group sessions; SP: Smartphone; IC: Intensive counseling; LIC: Less intensive counseling; EX: exercise;  
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Table 3. Post-intervention characteristics of participants in intervention studies examining mHealth technologies to promote PA and reduce SB among free-
living individuals, 2007-2015 

First Author, Year Intervention       Comparison 
n Mean Age years 

(SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB Outcome 

Mean (SD) 
  n Mean Age years 

(SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB Outcome 

Mean (SD) 
n %   n % 

Hurling, 2007 47 40.5 (7.1) 30 64 26.2 
(2.8) 

MPA acc. (min/day)1 Change?   30 40.1 (7.7) 21 70 26.5 
(4.1) 

MPA acc. (min/day)1 Change? 
MPA MET mins (/day) Change?  MPA MET mins (/day) Change? 
Sitting (min/day) Change?  Sitting (min/day) Change? 

King, AC, 2008 19 60.7 (6.8) 8 42.1  MVPA (min/day) 43.1 (42.6); 44.4 
(38.2) 

  18 59.6 (7.6) 8 44.4  MVPA (min/day) 19.3 (29.7); 17.9 (38.3) 

MVPA caloric expenditure 
(kg/day) 

2.6 (2.7); 2.7 (2.4)  MVPA caloric expenditure 
(kg/day) 

1.3 (1.9); 1.1 (2.4) 

Shapiro, JR, 2008 13 8.4 (2.3) 13 72.2  Exercise (min/day) 137.3 (187.7)   11 8.5 (2.3) 13 59.1  Exercise (min/day) 114.1 (105.4) 
Screen time (min/day) 80.6 (47.1)  Screen time (min/day) 111.8 (87.7) 

Turner-McGrievy, 2009 38 37.7 (11.8) 28 68  Vigorous PA (min/day) 8.1 (9.7)   29 39.6 (12.2) 29 81  Vigorous PA (min/day) 5.3 (5.7) 
36 Moderate PA (min/day) 7.9 (9.2)  28 Moderate PA (min/day) 8.1 (10.6) 
36 MVPA (min/day) 16.0 (9.4)  28 MVPA (min/day) 13.4 (8.5) 
40 Walking (min/day) 7.8 (6.8)  34 Walking (min/day) 7.5 (6.1) 
41 Sitting (min/day) 492 (228)  36 Sitting (min/day) 552 (372) 
 Vigorous PA (days/week) 2.1 (1.9)   Vigorous PA (days/week) 1.4 (1.6) 
 Walking (days/week) 4.6 (2.2)   Walking (days/week) 4.5 (2.3) 

Fjeldsoe, 2010,  45 28 (6) 45 100  MVPA (min/day) 21.4 (23.9)   43 31 (6) 43 100  MVPA (min/day) 22.8 (27.4) 
Walking (min/day) 14.1 (15.6)  Walking (min/day) 7.3 (17.4) 
MVPA (days/week) 3.6 (1.0)  MVPA (days/week) 2.0 (1.3) 
Walking (days/week) 2.4 (1.4)  Walking (days/week) 2.1 (1.9) 

Prestwich, 2010, (II + 
plan) 

42 22.2 (5.0) 28 60 22.4 
(3.6) 

Walking (min/day) 14.2 (10.1)   49 23.6 (4.5) 34 68 23.1 
(4.3) 

Walking (min/day) 13.5 (20.9) 

 42     Total PA (min/day) 30.3 (16.3)   49     Total PA (min/day) 26.6 (30.3) 
 40     Walking  ³ 30 min 

(days/week) 
1.98 (1.75)   46     Walking ³ 30 min 

(days/week) 
1.17 (1.58) 

Total PA ³ 30 min 
(days/week) 

3.13 (1.57)  Total PA ³ 30 min 
(days/week) 

2.28 (1.99) 

Prestwich, 2010, (II + 
goal) 

49 24.4 (6.9) 33 64 23.2 
(3.7) 

Walking (min/day) 13.7 (13.4) 
 

  49 23.6 (4.5) 34 68 23.1 
(4.3) 

Walking (min/day) 13.5 (20.9) 

 49     Total PA (min/day) 24.5 (18.8)   49     Total PA (min/day) 26.6 (30.3) 
 48     Walking  ³ 30 min 

(days/week) 
1.98 (2.04)   46     Walking  ³ 30 min 

(days/week) 
1.17 (1.58) 

Total PA ³ 30 min 
(days/week) 

2.81 (1.96)  Total PA ³ 30 min 
(days/week) 

2.28 (1.99) 
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First Author, Year Intervention       Comparison 
n Mean Age years 

(SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB Outcome 

Mean (SD) 
  n Mean Age years 

(SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB Outcome 

Mean (SD) 
n %   n % 

Sirriyeh, 2010, (affective) 30 17.3 (0.7) 23 70  MVPA MET minutes/day 3193.14 (2381.86)   30 17.3 (0.7) 23 70  MVPA MET minutes/day 2233.47 (1758.35) 
Sirriyeh, 2010, 
(instrumental) 

30 17.3 (0.7) 22 70  MVPA MET minutes/day 2350.38 (2029.09)   30 17.3 (0.7) 22 70  MVPA MET minutes/day 2233.47 (1758.35) 

Sirriyeh, 2010, (combined) 30 17.3 (0.7) 23 70  MVPA MET minutes/day 2345.96 (2201.65)   30 17.3 (0.7) 23 70  MVPA MET minutes/day 2233.47 (1758.35) 
Shuger, SL, 2011 (SWA 
alone) 

24 47.7 (11.6) 40 81.6  Steps/day 6881.2 (2717.2)   23 47.2 (8.9) 42  84.0  Steps/day 6649.1 (2277.1) 
MVPA (mins/day) 52.9 (30.4)  MVPA (mins/day) 54.2 (31.2) 
MVPA EE ³3 MET 
(Kcals/day) 

289.1 (165.5)  MVPA EE ³3 MET 
(Kcals/day) 

332.9 (222.7) 

Total EE (Kcals/day) 1743.6 (440.8)  Total EE (Kcals/day) 1805.3 (474.3) 
Shuger, SL, 2011 
(SWA+GWL) 

32 45.7 (10.4) 40 81.6  Steps/day 6755.6 (3016.0)   23 47.2 (8.9) 42  84.0  Steps/day 6649.1 (2277.1) 
MVPA (mins/day) 53.3 (30.7)  MVPA (mins/day) 54.2 (31.2) 
MVPA EE ³3 MET 
(Kcals/day) 

312.8 (233.7)  MVPA EE ³3 MET 
(Kcals/day) 

332.9 (222.7) 

Total EE (Kcals/day) 1843.4 (499.9)  Total EE (Kcals/day) 1805.3 (474.3) 
Turner-McGrievy, 2011 47 42.6 (10.7) 36 77  Total PA EE (kcals/day) 198.9 (177.2)   49 43.2 (11.7) 36 73  Total PA EE (kcals/day) 212.6 (179.2) 
Schwerdtfeger AR, 2012 21 23.9 (4.1) 14 67  Mean counts/min 738.6 (245.7)   21 23.6 (3.6) 17 81  Mean counts/min 610.6 (203.6) 
Adams, MA, 2013 10 34.5 (8.1) 9 90  Steps/day 6760 (1078)   10 39.3 (10.0) 8 80  Steps/day 6348 (671) 
Allen, JK, 2013 (SP+IC) 11 45.6 (9.3) 11 68.8  MVPA (mins/day) Change -2.0 (5.4)   12 42.5 (12.1) 14 77.8  MVPA (mins/day) Change -1.4 (7.1) 
Allen, JK, 2013 (SP + 
LIC) 

10 46.4 (9.6) 13 76.5  MVPA (mins/day) Change -3.6 (5.5)   12 42.5 (12.1) 14 77.8  MVPA (mins/day) Change -1.4 (7.1) 

Allen, JK, 2013 (SP alone) 10 45.3 (13.2) 15 88.2  MVPA (mins/day) Change 0.19 (5.1)   12 42.5 (12.1) 14 77.8  MVPA (mins/day) Change -1.4 (7.1) 
Bickmore, TW, 2013 100 71.7 (5.6) 89 67.4  Steps/day 4335 (2498)   100 71.3 (5.4) 72 55.0  Steps/day 4303 (2747) 
Kim, BH, 2013 26 69.3 (7.3) 21 80.8  Steps/day 6531 (2648)   10 70.6 (7.5) 8 80.0  Steps/day 4780.2 (1978.1) 

Total PA MET/day? 23.8 (6.3)  Total PA MET/day? 14.9 (3.9) 
King, AC, 2013 (analytic) 19 59.1 (9.2)  74  Walking (min/day)  22.8 (20.5)          

MVPA (min/day) 40.1 (39.0)    
TV viewing (mins/day) 126.6 (73.6)    

King, AC, 2013 (social) 21 59.1 (9.2)  74  Walking (min/day)  28.5 (22.3)          
MVPA (min/day) 45.5 (60.6)  
TV viewing (mins/day) 175.1 (93.5)  

King, AC, 2013 (affect) 21 59.1 (9.2)  74  Walking (min/day)  25.6 (28.9)          
MVPA (min/day) 38.2 (45.9)  
TV viewing (mins/day) 150.6 (71.4)  

Patrick, K, 2013 24 14.3 (1.8) 12 50  MVPA (min/day) 43.1 (1.5)   25 14.5 (1.5) 18 72  MVPA (min/day) 37.7 (1.8) 
     SB (mins/day) 216 (335.1)        SB (mins/day) 318 (345) 

Duncan, MJ, 2014 205 44.17 (0.41) 0 0  Total PA (min/day) 50.9 (50.5)   96 43.8 (5.8) 0 0  Total PA (min/day) 61.0 (54.8) 
     Total PA (sessions/week) 7.5 (7.3)        Total PA (sessions/week) 8.1 (7) 
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First Author, Year Intervention       Comparison 
n Mean Age years 

(SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB Outcome 

Mean (SD) 
  n Mean Age years 

(SD) 
Female 

Sex 
BMI PA/SB Outcome PA/SB Outcome 

Mean (SD) 
n %   n % 

Fassnacht, D, 2015 20 9.5 (0.3) 8 36.4  MVPA (mins/day) 96 (54)   25 9.6 (0.4) 18 66.7  MVPA (mins/day) 96 (60) 
22     Screen time (mins/day) 54 (36)   27     Screen time (mins/day) 66 (48) 

Glynn, LG, 2014 31 42 (11) 35 78  Steps/day 5855 (4264)   35 46 (11) 23 51  Steps/day 4859 (3474) 
Hebden, L, 2014 12 22.6 (5.4) 22 85  MVPA (min/day) 42.6 (25.8)   15 23.1 (3.7) 19 76  MVPA (min/day) 38.6 (16.1) 

12     LPA (min/day) 238.8 (50.6)   15     LPA (min/day) 225.7 (42.5) 
12     Sedentary (min/day) 530.0 (98.0)   15     Sedentary (min/day) 549.8 (63.8) 
26     Total PA (min/day) 42.9 (37)   25     Total PA (min/day) 36.4 (16.8) 
26     Total PA (MET-min/day) 184 (182.5)   25     Total PA (MET-min/day) 177 (103.1) 
25     Sitting (min/day) 685.7 (218.8)   24     Sitting (min/day) 667.1 (171.1) 

Knight, E, 2014 (SB) 14 63 (4) 9 64  Steps/day 6809 (3624)          
Knight, E, 2014 (EX) 15 63 (5) 7 46  Steps/day 9195 (6094)          
Knight, E, 2014 
(combined) 

16 62 (4) 9 56  Steps/day 8762 (3578)          

PA: Physical Activity; MVPA: Moderate-to-vigorous-intensity physical activity; MPA: Moderate Physical Activity; MV: Moderate-to-vigorous; MET: Metabolic Equivalent 
of Task; SB: Sedentary Behaviour; II: Implementation intentions; SWA: Sensewear armband; GWL: Group sessions; SP: Smartphone; IC: Intensive counseling; LIC: Less 
intensive counseling; EX: exercise 
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Appendix 2.1 Characteristics of the study sample of physical activity 
and dietary apps 

App name Developer 
BCT

s 
total 

Popu
larity 

Averag
e 

ratings 

Price 
(NZD

$) 
Calorie Counter & Diet Tracker by 
MyFitnessPal 

MyFitnessPal, 
LLC 

10 1 4.5 0 

Nike+ Running Nike, Inc 6 2 4 0 

MapMyRUN GPS Running 
MapMyFITNESS 

Inc 
9 3 4 0 

Ab Workouts Free 
Feel Free Apps 

Pty Ltd 
5 5 3.5 0 

Cardio Workouts Free Feel Free Apps 3 6  0 
Calorie Counter by MyNetDiary MyNetDiary Inc. 12 7 3.5 0 
Calorie Counter New Zealand - 
Easy Diet Diary 

Xyris Holdings 
Pty Ltd 

3 8  0 

Leg Workouts Free Feel Free Apps 4 9 4 0 
Fitness Budy Free Azumio Inc. 5 10 4 0 

Weight Watchers Mobile AU 
Weight Watchers 
International, Inc. 

8 11 3 0 

RunKeeper - GPS Track Running 
Walking Cycling 

FitnessKeeper, 
Inc 

12 12 4.5 0 

Calorie Counter* About, Inc. 14 13 4 0 
Nike Training Club Nike, Inc 11 14 5 0 
Arm Workouts Free Feel Free Apps 4 15 4 0 
Core Workouts Free Feel Free Apps 4 17  0 
But Workouts Free Feel Free Apps 4 19  0 
Hip & Thigh Workouts Free Feel Free Apps 4 23  0 
Daily Ab Workout FREE Daniel Miller 4 24 4 0 
Push Ups Free Feel Free Apps 5 28 3 0 
Chest Workouts Free Feel Free Apps 4 29  0 
Fitness Buddy: 1700+ Exercise 
Workout Journal 

Azumio Inc. 7 3 4.5 1.29 

All-in Yoga: 300 Poses & Yoga 
Classes 

Arawella 
Corporation 

11 4 4 1.29 

All-in Fitness: 1000 Exercises, 
Workouts & Calorie Counter 

Arawella 
Corporation 

15 8 4.5 1.29 

Jillian Michaels Slim-Down 
Solution - Diet, Fitness, Exercise 
Advice 

Everyday Health, 
Inc. 

18 12 4 1.29 

Fitspiration 
Swift Fox Labs 

P/L 
3 17 1 1.29 

Arm Workouts Pro Feel Free Apps 4 18  1.29 
Ab Workouts Pro Feel Free Apps 5 24 4.5 1.29 
Couch-to-5K The Active 11 19  2.59 
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App name Developer 
BCT

s 
total 

Popu
larity 

Averag
e 

ratings 

Price 
(NZD

$) 
Network, Inc. 

Shoulder Workouts Pro Feel Free Apps 3 21  2.59 
Hundred PushUps SoftwareX 12 23 4 2.59 
Two Hundred Situps SoftwareX 11 26 4 2.59 
Weightbot - Track your Weight in 
Style 

Tapbots 2 28 4.5 2.59 

MapMyRUN+ GPS Running 
MapMyFITNESS 

Inc 
9 2 4.5 4.19 

5K Runner: 0 to 5K run training Clear Sky Apps 12 9 5 4.19 

MapMyRIDE+ GPS Cycling 
MapMyFITNESS 

Inc 
9 15 4 4.19 

Get Running (Couch to 5K) Benjohn Barnes 10 29 5 4.19 
Calorie Counter PRO by 
MyNetDiary 

MyNetDiary Inc. 13 5 4.5 5.29 

iDukan Diet Tracker 
Harptree Software 

Ltd 
14 10  5.29 

Zombies, Run! 5k Training 
Six to Start and 

Naomi Alderman 
12 11  5.29 

Zombies, Run! Six to Start 12 16 4.5 10.99 
Note. BCTs = Behaviour Change Techniques. 
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APPENDIX 3: CHAPTER 5 SUPPLEMENTARY 
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Appendix 3.1 SPIRIT 2013 Checklist 

Section/Item Item Number Included in manuscript (Y/N) or described below 
Administrative Information   
Title 1 Y 
Trial registration 2a Y 
 2b Y 
Protocol version 3 Version 4, 30/09/2013 
Funding 4 Y 
Roles and responsibilities 5a Y 
 5b Y 
 5c Y 
 5d N/A, The steering committee is comprised of the 

study authors. 
Introduction   
Background and rationale 6a Y 
 6b Y 
Objectives 7 Y 
Trial design 8 Y 
Methods   
Participants, interventions, and outcomes 
Study setting 9 Y 
Eligibility criteria 10 Y 
Interventions 11a Y 
 11b Y 
 11c Y 
 11d Y 
Outcomes 12 Y 
Participant timeline 13 Y 
Sample size 14 Y 
Recruitment 15 Y 
Assignment of interventions   
Allocation   
Sequence generation 16a Y 
Allocation concealment mechanism 16b Y 
Implementation 16c Y 
Blinding (masking) 17a Y 
 17b Y, The PI is not blinded. However, outcomes are 

assessed using objective measures. 
Data collection, management and analysis 
Data collection methods 18a Y, Data collection forms are stored in the trial 

master file.  
 18b Y 
Data management 19 Y, Data will be entered by outcome assessors into 

a password protected secure Microsoft Excel 
spread-sheet. Data range checks will be in place to 
promote data quality. Data will be manually 
checked against source documents periodically 
throughout the study by a monitor external to the 
study. 

Statistical methods 20a Y 
 20b Y 
 20c Y 
Monitoring   
Data monitoring 21a N/A, A DMC is not necessary as the trial is low 

risk. 
 21b N/A, No interim analyses are planned as the trial is 

low risk. 
Harms 22 Y 
Auditing 23 N/A 
Ethics and dissemination   
Research ethics approval 24 Y 
Protocol amendments 25 Y, Amendments will be communicated to steering 

committee, ethics boards, and trial registry if 
necessary. 

Consent or assent 26a Y 
 26b N/A 
Confidentiality 27 Y, All participants are assigned a unique 

registration number used on data collection forms. 
Declaration of interests 28 Y 
Access to data 29 Y 
Ancillary and post-trial care 30 Y, Described in consent form and participant 

information sheets. 
Dissemination policy 31a Y,  
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 31b Y, No professional writers will be used. 
 31c Y, There are no plans to make the data set public. 
Appendices   
Informed consent materials 32 Y, Consent Forms and Participant Information 

Sheets stored in the trial master file. 
Biological specimens 33 N/A 
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APPENDICES 4: CHAPTER 6 SUPPLEMENTARY 
MATERIAL 

 

Appendix 4.1 AIMFIT acceptability feedback 

Appendix 4.2 Ethical approval 

Appendix 4.3 Study Advertisement 

Appendix 4.4 Participant Information Sheet 

Appendix 4.5 Child Participant Information Sheet 

Appendix 4.6 Parent Participant Information Sheet 

Appendix 4.7 School Principal Information Sheet 

Appendix 4.8 School Teacher Participant Information Sheet 

Appendix 4.9 Consent Form Adult Participant 

Appendix 4.10 Consent Form Child Participant 

Appendix 4.11 Consent Form School Principal 

Appendix 4.12 Consent Form School Teacher 

Appendix 4.13 AIMFIT Form A Participant Registration 

Appendix 4.14 AIMFIT Form B Physical Activity Survey 

Appendix 4.15 AIMFIT Form C Physiological Data Record 

Appendix 4.16 AIMFIT Form D Accelerometer Log 

Appendix 4.17 AIMFIT Form F App Usage Survey 

Appendix 4.18 AIMFIT Form X Adverse Events 
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Appendix 4.1 AIMFIT acceptability feedback 
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3	times

How	many	times	per	week	did	you	use	the	app?

"Zombies,	Run!"

"Get	Running"

Total

0

2

4

6

8

10

12

14
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When	did	you	use	the	app?	(tick	all	that	apply)

"Zombies,	Run!"

"Get	Running"

Total
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Where	did	you	use	the	app?	(tick	all	that	apply)

"Zombies,	Run!"

"Get	Running"

Total

0
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6
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12

14

alone friend family

With	whom	did	you	use	the	app?	(tick	all	that	
apply)

"Zombies,	Run!"

"Get	Running"

Total
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(tick	all	that	apply)

0

2

4

6

8

10

12

14
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"Get	Running"
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0
5
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25

Yes No

Have	you	had	any	experience	of	using	your	
smartphone/ipod	for	anything	to	do	with	

physical	activity/exercise?

"Zombies,	Run!"

"Get	Running"

Total

0

5

10
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20

25

30

Yes No

Would	you	like	to	try	different	apps	to	support	
fitness?

"Zombies,	Run!"

"Get	Running"

Total
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Appendix 4.2 Ethical Approval 

 

 

  



Appendices 4 - Chapter 6 supplementary material 

259 

 

 

  



Appendices 4 - Chapter 6 supplementary material 

 260 

Appendix 4.3 Study Advertisement 
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Appendix 4.4 Participant Information Sheet 
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Appendix 4.5 Child Participant Information Sheet 

 

 

 



Appendices 4 - Chapter 6 supplementary material 

 268 

 

 

  



Appendices 4 - Chapter 6 supplementary material 

269 

Appendix 4.6 Parent Participant Information Sheet 
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