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Abstract 8 

Few interventions to promote physical activity (PA) adapt dynamically to changes in 9 

individuals’ behavior. Interventions targeting determinants of behavior are linked with 10 

increased effectiveness and should reflect changes in behavior over time. This paper 11 

describes the application of two frameworks to assist the development of an adaptive 12 

evidence-based smartphone-delivered intervention aimed at influencing PA and sedentary 13 

behaviors (SB). Intervention Mapping was used to identify the determinants influencing 14 

uptake of PA and optimal behavior change techniques (BCTs). Behavioral Intervention 15 

Technology was used to translate and operationalise the BCTs and its modes of delivery. The 16 

intervention was based on the Integrated Behavior Change Model, focussed on nine 17 

determinants, consisted of 33 BCTs, and included three main components: 1) automated 18 

capture of daily PA and SB via an existing smartphone application, 2) classification of the 19 

individual into an activity profile according to their PA and SB, 3) behavior change content 20 

delivery in a dynamic fashion via a proof-of concept application. This paper illustrates how 21 

two complementary frameworks can be used to guide the development of a mobile health 22 

behavior change program. This approach can guide the development of future mHealth 23 

programs. 24 

Keywords: Intervention design; Intervention mapping; Behavioral intervention 25 

technology; Physical activity; Sedentary behavior; Integrated behavior change model 26 
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Introduction 28 

Increasing population levels of physical activity (PA) can be achieved through 29 

multiple levels of interventions (e.g., policy, community), but ultimately requires individual-30 

level behavior change. One approach that offers scalable solutions for the delivery of 31 

interventions to aid individual-level behavior change is the smartphone. Ownership of 32 

smartphones increased from 35% in 2011 to 64% in 2014 among adults in the United States 33 

(U.S.) (Pew Research Center, 2015). Further, U.S. adults spend an average of 34 hours per 34 

month using mobile applications (apps) and mobile web browsers, compared to 27 hours a 35 

month online with computers (The Nielsen Company, 2014).  36 

Given their inbuilt sensors (e.g., accelerometers, GPS), smartphones provide the 37 

ability to collect objective and ecologically valid data of individuals’ real world behavior 38 

(Kaplan & Stone, 2013). These sensing capabilities can be leveraged to passively capture an 39 

individual’s movement behavior. Despite differences in device accuracy, existing evidence 40 

suggests comparable estimates of PA as measured by Android smartphones or research-grade 41 

accelerometers in free-living conditions (Hekler et al., 2015), and that smartphone apps can 42 

accurately measure step counts (Case, Burwick, Volpp, & Patel, 2015). Moreover, using 43 

smartphone apps, interventions can be delivered using the same device.  44 

Information-technology-based interventions to promote PA are now widely available 45 

and have been shown to increase PA with variable success (Broekhuizen, Kroeze, van 46 

Poppel, Oenema, & Brug, 2012; Norman et al., 2007). However, they are not widely used, 47 

use is discontinued by individuals over time and their positive effects last for limited periods. 48 

Typically, the number of logins to IT-delivered interventions rapidly declines after enrolment 49 

for most participants (Laing et al., 2014) and throughout the intervention (Duncan et al., 50 

2014). Most current IT-based interventions rely on automated delivery of pre-51 

defined/scheduled a priori content, which is static and does not adapt dynamically as the 52 
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individual changes behavior. Often, interventions tailor to initial differences between 53 

individuals and primarily capture data via infrequent surveys or assessments (e.g. face-to-54 

face). Yet, behavior varies not only between individuals but also within an individual over 55 

time (Riley et al., 2011). Requiring engagement from the participant to either self-report PA 56 

or wear an additional device like an accelerometer increases the burden on the individual. 57 

While survey data shows that fitness and nutrition apps are the most common health 58 

apps used, among smartphone health apps users, approximately half stop using such apps and 59 

indicate high data entry burden and loss of interest as the main reasons for doing so (Krebs & 60 

Duncan, 2015). For instance, engagement with the MyFitnessPal app (a highly rated and 61 

downloaded app on app stores (Gray, 2015)) during a weight loss trial with primary care 62 

patients decreased over time, despite participants reporting satisfaction with the app (79%). 63 

Reasons for discontinuing use included it was tedious (84%) to enter data (Laing et al., 2014) 64 

and was not perceived as easy to use (24%).  65 

Notably, it has been shown that dynamically tailored interventions have superior 66 

efficacy over time compared with those that base their tailoring on single or infrequent 67 

assessments (e.g. baseline) (Adams et al., 2013; Krebs, Prochaska, & Rossi, 2010). 68 

Smartphones allow an opportunity to capture intensive longitudinal data (i.e. continuous, not 69 

episodic) in unobtrusive fashion (i.e. reducing respondent burden). The ability to accurately 70 

collect information on exposure and to detect dynamic behavior change indicates ideal 71 

opportunity to develop ‘just-in-time’ intervention, delivering content based on people’s 72 

behavior, as well as capturing their response to the intervention (Spruijt-Metz, Hekler, et al., 73 

2015; Spruijt-Metz, Wen, et al., 2015).  74 

The literature on designing and describing the process of developing PA promotion 75 

interventions is extensive, but few resources exist that integrate both conceptual (i.e. theory, 76 
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evidence) and technological frameworks to describe the process of developing an mHealth 77 

program for promoting PA behavior (Crutzen, 2014; Mohr, Schueller, Montague, Burns, & 78 

Rashidi, 2014). This paper describes the steps undertaken to develop a dynamic, adaptive, 79 

mHealth pilot-intervention using Intervention Mapping (IM) and the Behavioral Intervention 80 

Technology (BIT) frameworks, with the aim of influencing both PA and SB duration in 81 

healthy but insufficiently active adults. 82 

Methods  83 

Interventions to change behavior are complex since they involve multiple 84 

components. These include the behavior change techniques (BCTs) (i.e. a replicable 85 

component of an intervention) and the procedures for delivery (i.e. who delivers, when, 86 

duration, and mode). Typically, interventions are insufficiently described and many are 87 

developed without following a systematic approach (Kok et al., 2016). A behavior change 88 

intervention should specify details of both its active content (i.e. BCTs, “the what”) and its 89 

mode of delivery (i.e. “the how”). In the present study, we first used the Intervention 90 

Mapping (IM) framework to develop a theory- and evidence-based program by identifying 91 

the behavioral determinants and/or facilitators from the literature and selecting intervention 92 

methods and BCTs thought to influence such determinants (Bartholomew, Parcel, & Kok, 93 

1998). Secondly, the behavioral intervention technology framework was used to specify the 94 

procedures for delivery (e.g. library of behaviour change content, rules, workflow) (Mohr et 95 

al., 2014). 96 

Conceptual Framework for Intervention Development: Intervention Mapping – “the 97 

what and conceptual how” 98 

While there is no consensus (Prestwich et al., 2014), it is acknowledged that behavior 99 

change interventions should be grounded in theory, as they are more likely to be effective 100 
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when aiming to influence determinants and/or facilitators/barriers of behavior (Baranowski, 101 

Anderson, & Carmack, 1998; S. Michie, Johnston, Francis, Hardeman, & Eccles, 2008; 102 

Webb, Joseph, Yardley, & Michie, 2010). The intervention mapping framework provides a 103 

systematic approach to understand the influences on the target behaviour and to use theory in 104 

the selection of components to design interventions. 105 

When choosing an appropriate theory, we considered traditional Social-Cognitive 106 

models (SCT) (Bandura, 1986), however, these may not be fit-for-purpose for the 107 

development of a more adaptive and interactive mHealth intervention (Riley et al., 2011). 108 

Limitations of PA behavior theories and the so-called intention-behavior gap identified in 109 

many PA intervention studies (Rhodes & de Bruijn, 2013) have led to the development of 110 

models that integrate multiple theories and predictors of behavior in an attempt to explain 111 

psychological processes that influence PA behavior. One of such is the Integrated Behavior 112 

Change Model (IBCM) (Hagger & Chatzisarantis, 2014), which extends beyond 113 

deliberative/explicit intentional (i.e. theory of planned behavior (Ajzen, 1991)) and 114 

motivational (i.e. self-determination theory (Ryan & Deci, 2000)) processes by taking into 115 

account volitional processes (i.e. action planning (Gollwitzer & Sheeran, 2006)) and the non-116 

conscious/implicit processes of behavior (i.e. impulses (Strack & Deutsch, 2004)).  117 

The IBCM was chosen to guide the selection of theoretical constructs to influence PA. 118 

However, intervention designers are encouraged to consider all available evidence and 119 

interpret how to adequately integrate it, ensuring ample attention is paid to understanding the 120 

causes of behaviour before intervention design (Moore & Evans, 2017). Each construct will 121 

have distinct intervention and psychological correlates, and the applied utility of IBCM is not 122 

established. Since 1) some of the richness (i.e. in terms of construct comprehensiveness) of 123 

theories being consolidated may be lost in translation to integrative models (Teixeira, 2016), 124 

and 2) intervention mapping permits integrating theories in a more flexible way than afforded 125 
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by integrative models, constructs from other theories were also considered, such as SCT’s 126 

self-regulatory or reflective capability. 127 

Taxonomies have been developed specifying the content of behavior change 128 

interventions in terms of BCTs (Abraham & Michie, 2008; Susan Michie et al., 2011), and 129 

have been used in meta-regressions, linking BCTs to intervention effectiveness (Dombrowski 130 

et al., 2012; S. Michie, Abraham, Whittington, McAteer, & Gupta, 2009). The hierarchical 131 

classification is now available and incorporates 93 BCTs (S. Michie et al., 2013). This 132 

taxonomy is a comprehensive hierarchically-structured set of BCTs that may be used to 133 

design interventions and specify intervention content in detail. Conversely, the intervention 134 

mapping framework has its own taxonomy, which describes behaviour change methods that 135 

intervention designers can select from according to circumstances. These behaviour change 136 

methods are general techniques or processes that have been shown to be able to change one 137 

or more determinants of behaviour (e.g. self-efficacy) and presumably affect behaviour (Kok 138 

et al., 2016).  139 

Using the Intervention Mapping framework, we selected theoretical methods to target 140 

theoretical constructs (e.g. perceived social norm, intention, competence) from the IBCM and 141 

mapped the theoretical constructs to specific BCTs in order to define intervention content. In 142 

conjunction with consulting the taxonomy of behavior change methods (Kok et al., 2016), we 143 

undertook a scoping review of the literature of BCTs and their effects on determinants of 144 

behavior (Dombrowski et al., 2012; S. Michie et al., 2009; Olander et al., 2013; Webb et al., 145 

2010; Williams & French, 2011). Caution is warranted as interventions typically include 146 

combinations of BCTs (i.e. individual BCTs have not been widely tested, some BCTs are 147 

more common to cluster than others). Nevertheless, the outlined BCTs have been identified 148 

from previous work and behaviour change methods were selected from the IM taxonomy, 149 
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which includes methods that have been mapped to specific determinants that they can affect 150 

(Kok et al., 2016). 151 

The IM framework comprises six fundamental steps that guide the design, 152 

implementation, and evaluation of an intervention (Bartholomew et al., 1998). For the 153 

purpose of this study, we focused exclusively on the steps that guide the design of the 154 

intervention – steps one to three. The first step – needs assessment of the population – 155 

included a scoping review to identify the determinants of behavior and what needs to change. 156 

The second step – specification of the goal and change objectives – created a matrice of 157 

change objectives by defining the behavioral outcomes and how determinants can be 158 

affected. The third step – theory-based methods and practical strategies – linked the 159 

objectives to the determinants of behavior and identified the intervention methods and 160 

respective practical applications (Bartholomew et al., 1998; Kok et al., 2016). Importantly, 161 

IM acknowledges that parameters for a theoretical method’s effectiveness need to be met and 162 

practical applications will deem the method less effective or ineffective when not. Moreover, 163 

previous research highlighted the importance of selecting appropriate theoretical methods 164 

according to the characteristics of the target population and goals, and not to assume that 165 

methods or BCTs will be uniformly effective across conditions (Olander et al., 2013; Peters, 166 

de Bruin, & Crutzen, 2013). Step 4 – production of program components – results in the 167 

design and production of the intervention materials. This is where IM was integrated with 168 

BIT in order to translate the BCTs onto the “user-facing” app features.  169 

Technological Framework for the mHealth Intervention: Behavioral Intervention 170 

Technology – “the technical how” 171 

 BITs – behavioral intervention technologies – employ tools such as smartphones to 172 

support individuals in behavior change. This framework aims to aid the translation of the 173 

intervention components into technological features by bringing together expertise from 174 
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behavioral science and developers (Mohr et al., 2014). BITs include both clinical and usage 175 

aims; clinical aims – the “why” – reflect the desired changes in the determinants of behavior 176 

and the behavior itself, while usage aims refer to engaging the user with the BIT during the 177 

intervention period. Intervention aims are realised by BCTs – the “conceptual how” – such as 178 

self-monitoring, goal setting, or review of goals. Each BCT is operationalised via specific 179 

intervention components or BIT elements – the “what” – such as user interfaces, reminders, 180 

or push notifications. A workflow (i.e. a set of rules) determines when and under which 181 

conditions each element (intervention component) is delivered to individuals over time – the 182 

“when” (Mohr et al., 2014).  183 

 Importantly, usage aims relate to clinical aims, as the usability of the technology will 184 

influence the individual’s motivation to engage with the intervention. Therefore, the 185 

operationalization of BCTs into BIT elements the individual interacts with should take into 186 

account characteristics – the “technical how – that increase the likelihood of relevance to the 187 

individual, such as media employed (e.g. text, video), aesthetics, and personalisation (Mohr et 188 

al., 2014).  189 

 The technological implementation of the framework – BIT-Tech – includes four 190 

components: 1) profiler, which defines the individual and transmits data to the intervention 191 

planner; 2) intervention planner, which chooses the relevant intervention elements and 192 

respective characteristics; 3) intervention repository, which may be a database where all the 193 

intervention elements are stored; and 4) user interface, which delivers the intervention 194 

elements. The content/elements delivered during the intervention is specified in the workflow 195 

and depends on the data captured (Mohr et al., 2014). 196 



USING INTERVENTION MAPPING AND BIT                                                                   10 

Results 197 

 Using the IM and BIT frameworks we describe the development process of the 198 

mHealth activity profile intervention in a systematic way. 199 

Intervention Mapping step 1 – Needs assessment 200 

A needs assessment was fulfilled via a scoping literature review, which demonstrated 201 

that both low levels of PA and high SB increase individuals’ risk of cardiovascular disease 202 

(Maddison et al., 2016). Specifically, different activity profiles were associated with different 203 

degrees of cardiovascular disease risk, with the highest risk observed among those with low 204 

levels of PA and high SB.  These findings illustrated the need for interventions that target 205 

both daily PA and SB together. 206 

Current guidelines prescribe fixed PA goals that may be beyond an individual’s 207 

existing behavior and capacity (i.e. they may not attempt it or fail and get frustrated, leading 208 

to nonresponding). Individuals with low levels of PA and high SB typically meet displeasure 209 

on initial attempts to be more active and are unlikely to sustain efforts for benefits to occur 210 

(Ekkekakis, Parfitt, & Petruzzello, 2011).  Moreover, current PA guidelines do not 211 

incorporate light intensity PA (LPA) (e.g. standing/breaking up sitting time) (Hamilton, 212 

Healy, Dunstan, Zderic, & Owen, 2008) because limited evidence is available on its benefits 213 

(Manini et al., 2015; Smith, Ekelund, & Hamer, 2015; Sparling, Howard, Dunstan, & Owen, 214 

2015). However, individuals may be more receptive to replace SB with standing or LPA 215 

(Smith et al., 2015), which are activities typically more easily incorporated into daily life, 216 

such as walking (Ogilvie et al., 2007) and cycling (Yang, Sahlqvist, McMinn, Griffin, & 217 

Ogilvie, 2010). 218 

Input for the IM process took into account individual and interpersonal determinants 219 

and showed that PA behavior is predicted by high levels of self-efficacy, intention, beliefs, 220 
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motivation (i.e. self-realisation via autonomy, competence, and relatedness), planning, social 221 

support and cultural norms (Bauman et al., 2012). The literature also highlighted BCTs that 222 

can be used to influence these determinants. Table 1 lists examples of the literature on 223 

determinants and successful/effective strategies/BCTs. 224 

**Insert Table 1 approximately here** 225 

Intervention Mapping step 2 - Specification of goals and change objectives 226 

 The program goals were derived from the needs assessment. The overall goal of the 227 

intervention is to decrease health risks by promoting a healthier activity profile (reducing SB 228 

and/or increasing PA). The intervention aims to 1) promote breaks in SB among those who 229 

are active but are also sedentary, and 2) to promote both increases in PA and decreases in SB 230 

among those who are insufficiently active and also sedentary. 231 

 The integrated behavior change model, which combines constructs from the theory of 232 

planned behavior and self-determination theory, was used to specify the performance 233 

objectives. Five performance objectives – the behavioral outcomes intended to occur on the 234 

target population – were specified. A change objective is a definition of what is needed to 235 

change on the determinant of behavior to achieve the performance objective. To specify the 236 

change objectives, the behavior determinants of a healthier activity profile that are amenable 237 

to change were identified based on the literature (step 1). The performance objectives and the 238 

hypothesised changeable determinants were linked in the matrix of change objectives (Table 239 

2) in order to specify the change objectives. 240 

**Insert Table 2 approximately here** 241 
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Intervention Mapping step 3 – Theory informed methods and practical applications 242 

Theoretical methods/BCTs that either likely or previously were shown to be effective 243 

at influencing the determinants of behavior were chosen for each of the determinants targeted 244 

in the intervention (S. Michie et al., 2005; S. Michie et al., 2008). For example, the 245 

theoretical method/BCT “instruction on how to perform the behavior” can be applied to 246 

influence the determinants of behavior self-efficacy and knowledge. 247 

Next, the selection of promissing theoretical methods/BCTs and practical applications 248 

was informed by reviews of the literature, other e- and mHealth PA interventions (Abraham 249 

& Michie, 2008; Adams et al., 2013; Direito, Carraca, Rawstorn, Whittaker, & Maddison, 250 

2017; Duncan et al., 2014; Fjeldsoe, Miller, & Marshall, 2010; King et al., 2013; S. Michie et 251 

al., 2009; S. Michie et al., 2008; S. Michie et al., 2013; Morrison, Yardley, Powell, & Michie, 252 

2012), and a content analysis of existing PA apps (Direito et al., 2014). The BCTs were 253 

linked to their behavior determinants and respective practical applications. For example, 254 

practical applications of ‘instruction on how to perform the behavior’ could include 255 

information on how to incorporate activity into one’s daily routine provided via printed 256 

materials, via a ‘how to section’ feature in an app that the user needs to go to, or via a 257 

message that pops-up on the user’s smartphone and is not dependent of user initiation. 258 

Further examples are provided in Table 3. 259 

The translation of theoretical methods/BCTs into practical applications requires that 260 

the theoretical conditions are met or else effectiveness will be undermined (Bartholomew et 261 

al., 1998). For example, the BCT ‘demonstration of the behavior’ (i.e. “provide an observable 262 

sample of the performance of the behaviour (…) for the person to aspire to or imitate”) is 263 

posited to increase self-efficacy; however this is unlikely to occur if the conditions that must 264 

be satisfied in its practical application are unmet (e.g. when the recipient of such BCT does 265 

not identify with the role model, it is unlikely the behaviour will be reinforced). In such 266 
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instances, practical applications deem the theoretical methods/BCTs as less effective or even 267 

counter effective. 268 

**Insert Table 3 approximately here** 269 

The intervention content aimed to encourage increases in PA duration by promoting 270 

daily life activities, such as transport to/from work, household chores/ running errands, and 271 

PA at work (e.g. walking to a co-worker’s desk instead of calling/emailing). Leisure-time PA, 272 

such as walking, cycling, or sports, was also promoted. To address the intention-behavior 273 

gap, post-motivational BCTs like action planning and problem solving were included to 274 

promote the required behavior changes towards a healthier activity profile. 275 

Behavioral Intervention Technology – translating the conceptual how onto the technical 276 

how  277 

The intervention methods and practical applications identified in the previous steps 278 

using IM were operationalized in components and materials developed in line with the BIT 279 

framework. The intervention had two main goals: 1) clinical aims were to increase PA and/or 280 

to reduce SB, while 2) usage aims were to encourage participants to carry their smartphone 281 

and engage and sustain engagement with the BIT over time. BCTs were utilised to achieve 282 

the desired behaviors. Each BCT was operationalized using different elements (i.e. messages, 283 

push notifications, graphs). The sensing and computational power of smartphones to capture 284 

real world behavior data, process, and react to it, was harnessed to display content based on 285 

algorithms embedded in the platform (i.e. workflow). Table 4 presents examples of 286 

translation and operationalization of the BCTs into BIT elements (a comprehensive list can 287 

be found on Supplementary material 1).. 288 

**Insert Table 4 approximately here** 289 
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**Insert Figure 1 and 2 approximately here** 290 

The intervention content was adaptive, tailoring the intervention to each individual 291 

based on continuous measurement of PA/SB. A research version of the “Movn Activity Sit 292 

Pedometer” smartphone app (Moving Analytics, 2016), named AOL, was used to track 293 

movement behaviors. Firstly, data captured by the AOL app was used to classify individuals 294 

into one of three activity profiles (i.e. couch potato, potterer, or techno-active (Maddison et 295 

al., 2016)). Secondly, the proof-of-concept app (TODAY – TailOred Daily ActivitY) 296 

accessed movement data generated by the AOL movement tracking app through an 297 

application programming interface (API) to deliver intervention content matched to each 298 

activity profile (see Figure 3).  299 

**Insert Figure 3 approximately here** 300 

The user-facing web application for content delivery was developed using Adobe 301 

PhoneGap Framework (Adobe, 2016) and PHP scripting language. The application read 302 

information from tables stored in a MySQL database hosted on a secure server: 1) individual 303 

information (i.e. profiler), such as MVPA and SB to calculate the activity profile and daily 304 

goals of the individual, intervention start date; 2) rules/scheduled tasks (i.e. intervention 305 

planner), which chooses the relevant intervention elements based on the conditions met; and 306 

3) a library of intervention content/elements (i.e. intervention repository), such as messages, 307 

images and links to be displayed.  308 

On a daily basis, the TODAY app read the activity profile, calculated the day of the 309 

intervention for each individual, and selected the appropriate content/elements to be 310 

displayed on the user interface if the app was opened. A push notification was sent daily at 311 

10am aiming to promote user engagement with the app (i.e. usage aims). 312 
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Discussion 313 

The intervention mapping and behavioral intervention technology frameworks were 314 

used in combination to systematically develop a theory based mHealth activity profile 315 

intervention. Designing interventions using a systematic approach increases the likelihood of 316 

effectiveness and additionally contributes to the growing evidence on how the ingredients of 317 

interventions and their practical applications impact effectiveness. This article illustrated a 318 

systematic method to develop mHealth interventions combining conceptual and technological 319 

frameworks and contributes to future enhancements in the development of mHealth-based 320 

behavior change programs. 321 

Designing behaviour change interventions involves a complex set of decisions and 322 

ways to tackle intervention development specific for mHealth delivery mediums are scarce. 323 

We exemplified a practical application of the steps involved  in a systematic method to 324 

design such interventions through the characterisation of the behaviours of interest (i.e. main 325 

facilitators and barriers of PA/SB), selection of the behavioural constructs (using IBCM as a 326 

model of behaviour, and application of specific techniques (i.e. intervention methods and 327 

BCTs) to bring about change using mHealth technologies (i.e. intervention planner, elements, 328 

workflow). Reporting the rationale and providing a comprehensive description of the 329 

intervention in a systematic way provides an example of designing mHealth interventions that 330 

others may find helpful. By using the intervention mapping framework we provide a detailed 331 

intervention rationale, which will contribute to the interpretation of findings and may 332 

facilitate future replication, adaptation, and improvement. The BIT framework supported the 333 

communication between developers and behavioral scientists and aided the translation of 334 

BCTs into elements, characteristics, and workflow.   335 

Although content delivered was individually tailored to the activity profile of the 336 

individual over time (as assessed by the smartphone, not self-reported), the degree to which 337 
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content was tailored can and should be further specified by taking into account multiple 338 

factors. For example, tailoring to individual characteristics such as age, sex, health literacy or 339 

theoretical constructs, such as self-efficacy or intention, is likely to result in higher personal 340 

relevance and contribute to effectiveness (Head, Noar, Iannarino, & Grant Harrington, 2013; 341 

Morrison et al., 2012). Importantly, IM calls attention to the existence of parameters for 342 

effectiveness of methods and that their translation into practical applications without paying 343 

enough attention to such conditions will impact their established effectiveness. Additionally, 344 

the practical application of methods will always likely be more effective when taking into 345 

account its congruency with aspects such as fit with the target population, culture, or context 346 

(Moore & Evans, 2017). 347 

A number of considerations on the nature of this work are warranted. This is not 348 

meant to be a panacea for PA/SB interventions using mHealth technologies, but instead 349 

illustrate a scientific approach to the development of mHealth PA behaviour change 350 

interventions. Careful interpretation and refinement of the steps here illustrated are warranted  351 

in order to make sure that all available evidence is adequately integrated as part of 352 

intervention design. A major limitation of the example ilustrated was its explorative nature. 353 

For example, we did not focus on a specific population, nor did assess their specific beliefs, 354 

intentions, or motivations. We were experimenting the combination of the IM and BIT 355 

frameworks to appraise its fitness and usability, particularly in the translation of intervention 356 

methods / BCTs onto technological features (i.e. app features). Since interventions and 357 

behaviour will always be changed in specific populations and contexts, intervention content 358 

(e.g. messages) must be specific to the target population, their beliefs, determinants, and 359 

context, so that the translation of intervention methods to practical applications are tailored 360 

and consequently more likely to be effective. 361 
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Given the explorative nature of our work we selected determinants based on a scoping 362 

literature review. A needs assessment step fostering a user-centered approach by conducting 363 

interviews or focus groups with the target population is key. Many interventions do not work 364 

well because often we fail to identify what needs to change. Therefore, intervention designers 365 

should aim to promote a participatory research approach whereby the identification of 366 

barriers, facilitators and desires are taken into account in the development process to ensure 367 

engagement and usability (Hingle, Nichter, Medeiros, & Grace, 2013).  368 

Alongside a proper needs assessment, (mHealth) intervention designers (and future 369 

iterations of this work) should aim to augment the quality of translation of behaviour change 370 

methods onto practical applications. The same theoretical method or BCT can be translated 371 

into practical applications in numerous ways depending on contextual factors  (e.g. 372 

population, seting), and attending to the parameters for effectiveness can improve method 373 

sociocultural relevance. Digital technologies can be harnessed to ensure congruency between 374 

the methods’ parameters for effectiveness and both the target population and contextual 375 

characteristics in order to reach optimal content delivery (Moore & Evans, 2017). For 376 

example, theoretical methods to change an individual’s self-efficacy belief to break 377 

prolonged sitting at work may include modelling, whereby a video in a work setting could 378 

demonstrate employees doing easy/quick exercises using office furniture, or role-models’ 379 

testimonies with ways around interrupting sitting, such as how they take phone calls standing 380 

or have walking meetings. One of the parameters of effectiveness of the theoretical method 381 

modelling is that the recipient must identify with the model (e.g. age, gender, ethnicity). 382 

Therefore, translating a practical application of the method modelling harnessing digital 383 

technologies could involve showing videos of different role models according to the 384 

demographic characteristics of the recipient (e.g.video with male role model showed to male 385 

recipients only). 386 
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While mHealth interventions including effective methods/BCTs may increase their 387 

potential effectiveness in changing behaviour, if the operationalization of such methods is not 388 

in line with their parameters of effectiveness, they are unlikely to contribute to behaviour 389 

change. The quality of operationalization of methods/BCTs (in this exploratory study) 390 

requires improvement in order to realise their full potential. For example, for action planning 391 

to be effective, the recipient must have a pre-exisiting intention to perform a behaviour. 392 

mHealth technologies could capitalize on a profiler (i.e. what defines the individual, e.g. via 393 

sensing or self-reported assessment of intention) and workflow (i.e. a set of rules, e.g. “IF 394 

intention > x value, THEN operationalize action planning, ELSE…) to determine when 395 

action planning would be presented to individuals. A different example could be the 396 

importance of the timing of provision of choices while trying to foster autonomous 397 

motivation – it should occur when relevant (e.g. when choices are available and where 398 

enactment is possible). Likewise, social support BCTs should be operationalized especially 399 

when individuals face challenges (e.g. when goals are frequently not met) in order for 400 

relatedness needs to be satisfied and potentially contribute to autonomous motivation. 401 

BCTs do not have an ascribed effectiveness and the way they are operationalized and 402 

presented to individuals may have as great or larger impact as the BCT itself (S. Michie et al., 403 

2013). Moreover, the optimal combination of BCTs for each context (i.e. what works for 404 

whom, in what settings) is unknown, as are interactions with each other (i.e. some BCTs may 405 

have synergistic effects and amplify each other, whilst others may undermine each other’s 406 

effects). As an example, while intervention content attempted to promote self-reflection and 407 

avoid controlling communication to promote autonomy-supportive interactions, 408 

operationalization of some BCTs, such as “discrepancy between current behavior and goal”, 409 

may be perceived by individuals as judgmental and controlling, and consequently hinder 410 

autonomous motivation. 411 
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The full capability of mHealth technologies to tailor content as behaviour change 412 

occurs is yet to be realised. For example, in this explorative study, among intervention 413 

tailoring variables related to PA/SB behaviour were, as observed in Figure 3, mCOV (a 414 

measure of movement) and day. The same figure highlights the potential to include many 415 

other tailoring variables, such as individual beliefs, motivation, or self-efficacy. mHealth 416 

technologies allow for repetitive longitudinal measurement and intervention content to be 417 

adapted based on input from other tailoring variables. Computational models based on 418 

dynamical systems in order to account for within-individual fluctuations of behaviour (e.g. 419 

day, week, season) based on traditional behaviour change theories like SCT are being 420 

developed (Riley et al., 2016). To date, research on the underlying mechanisms of the 421 

effectiveness of mHealth interventions is scarce and process data has mostly been obtained 422 

via self-report. By using the BIT framework to specify decisions on the intervention 423 

elements, characteristics, and workflow, will contribute to a growing body of data on how 424 

such decisions relate to effectiveness (Mohr et al., 2014). 425 

Conclusions 426 

The Intervention Mapping and Behavior Intervention Technology frameworks were 427 

used in a complementary manner to aid the intervention development of a theory-evidence-428 

based mHealth intervention. The IM contributed to the identification of the determinants and 429 

optimal theoretical methods to promote behavior change, while the BIT contributed to the 430 

translation of the theoretical methods into practical applications and respective technical 431 

operationalization. 432 
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