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Abstract

Background: International guidelines consistently endorse the promotion of self-management for people with low back pain
(LBP); however, implementation of these guidelines remains a challenge. Digita health interventions, such as those that can be
provided by smartphone apps, have been proposed as a promising mode of supporting self-management in people with chronic
conditions, including LBP. However, the evidence base for digital health interventions to support self-management of LBP is
weak, and detailed descriptions and documentation of the interventions are lacking. Structured intervention mapping (IM)
congtitutes a 6-step process that can be used to guide the devel opment of complex interventions.

Objective: The aim of this paper isto describe the IM process for designing and creating an app-based intervention designed
to support self-management of nonspecific LBP to reduce pain-related disability.

Methods: The first 5 steps of the IM process were systematically applied. The core processes included literature reviews,
brainstorming and group discussions, and the inclusion of stakeholders and representatives from the target population. Over a
period of >2 years, the intervention content and the technical features of delivery were created, tested, and revised through user
tests, feasibility studies, and a pilot study.

Results:. A behavioral outcome was identified as a proxy for reaching the overall program goal, that is, increased use of
evidence-based self-management strategies. Physical exercises, education, and physical activity were the main components of
the self-management intervention and were designed and produced to be delivered viaasmartphone app. All intervention content
was theoretically underpinned by the behavior change theory and the normalization process theory.

Conclusions: We describe a detailed example of the application of the IM approach for the development of a theory-driven,
complex, and digital intervention designed to support self-management of LBP. This description provides transparency in the
developmenta process of the intervention and can be a possible blueprint for designing and creating future digital health
interventions for self-management.
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Introduction

Low back pain (LBP) is well-documented as one of the most
common reasonsfor activity limitation, sick leave, and disability
[1-4]. Clinical guidelinesfor LBP consistently endorse patient
education, general physical activity, exercise, and the promotion
of core self-management components of frontline care [5-9].
However, implementation of self-management may be
challenging, perhaps because of itsmultifaceted complex nature,
with several interacting components and health care settings.
Therefore, new effective ways of delivering supported
self-management for people with LBP are needed.

Digital health interventions (DHIs), such as those that can be
provided by smartphone apps, have been proposed as a
promising modefor supporting self-management in peoplewith
chronic conditions [10]. In a recent systematic review on the
use of DHIsfor supporting self-management of LBP, we found
that the literature was heterogeneous in terms of reporting
intervention details, making it difficult to understand what might
work best, for whom, and in what circumstances [11]. The
descriptions of the intervention devel opment and use of theory
were either brief or completely lacking in al the included
studies, and the evidence base for DHIs to support
self-management of LBP wasweak [11]. In another systematic
review, Garg et a [12] found that web-based interventions for
supporting individuals with LBP were useful. In particular,
interventions that offer feedback or tailoring based on user
responses and elements from cognitive behavioral therapy seem
to be beneficial; however, the effectiveness of DHIs in
supporting self-management of LBP remains unclear [12]. A
systematic review of smartphone apps for self-management of
LBP concluded that researchers, health care professionas
(HCPs), people with LBPR, and app developers need to work
closely together to develop DHIs that are accurate,
evidence-based, and engaging [13]. Structured intervention
mapping (IM) provides a well-defined framework for the
development, implementation, and evaluation of interventions
by integrating the target population and stakeholders in the
process [14]. Using IM for development also fits with the
Medical Research Council framework for eval uation of complex
interventions [15] and CONSORT-EHEALTH (Consolidated
Standards of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) [16] guidelines for
reporting DHIs. One of the issues emphasized by
CONSORT-EHEALTH is that a detailed description and
documentation of theinterventionisrequired to fully understand
its effectiveness[16]. The stepwise process of IM providesjust
that, and it has previously been used to develop and adapt
evidence-based self-management programs in other settings
[17,18]. selfBACK [19], a case-based reasoning (CBR) DHIl,
which is delivered as an app, is designed to improve the
self-management of nonspecific LBP to reduce pain-related
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disability. The selfBACK app provides weekly tailored
self-management plans (SMPs) targeting physical activity,
strength and flexibility exercises, and education. In addition,
the app a so provides accessto avariety of toolsand information
on the management of L BP that the participants can use at their
convenience. A randomized controlled trial (RCT) isexamining
the effectiveness of the intervention as an add-on to usual care
[20]. The aim of this paper is to describe the IM process used
to design and create selfBACK.

Methods

IM Approach

IM is a 6-step process for the development, implementation,
and evaluation of an intervention; however, here we have
described just 5 steps as step 6, the planning of the evaluation
of the intervention, is published as a protocol for an RCT [20]
alongside an implementation and process evaluation protocol
[21]. Each step comprises several tasks, which, once completed,
inform the next step, asdetailed by Bartholomew et a [14]. The
IM approach considers the target population, its surrounding
environment, and the persons in that environment who might
influence the target population. It aimsto facilitate participation
and consultation of stakeholders and provides a structure for
theintegration of theory, findingsfrom empirical literature, and
information collected from the target population. Throughout
all the steps of the devel opment phase, we used core processes
(ie, posing questions, brainstorming, reviewing empirical
literature, reviewing theories, assessing needsfor new data, and
developing aworking list of answers) asthe underlying methods
[14].

Step 1. Logic Model of the Problem

First, we established aplanning group comprising partnersfrom
both clinical and research backgrounds and those with expertise
in app development and health innovation management. The
planning group comprised physiotherapists, chiropractors,
physicians, exercise physiologists, behavioral scientists,
computer scientists, and app designers.

We conducted a needs assessment from a societal and user
perspective as a response to a European Union Horizon 2020
program calling for “self-management of health and disease
and decision support systems based on predictive computer
modelling used by the person him or herself.” To meet the
criteriain the call, the project aimed solely for an intervention
targeting individuals with LBP and not their surrounding
environment or the persons in that environment. The needs
assessment was informed by 2 systematic literature reviews
[11,22] that we conducted on digital interventionsfor supporting
self-management of LBP, reviews of clinical practice guidelines,
extensive supplementary literature searches on factors associated
with LBP and self-management, interviews with patients with
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LBP and HCPs, clinical experience, and group discussions in
the planning group.

The process resulted in a logic model of the problem that
mapped personal determining factors of L BP self-management,
adverse behavior in relation to self-management and how that
behavior affects LBP and associated health issues, and, finally,
the impact on quality of life. Subsequently, based on
recommendations from the LBP literature and previous
experiences within the planning group with interventions
targeting LBP, the overall program goal of theintervention was
formulated.

Step 2: Program Outcomes and Objectives—L ogic
Modéel of Change

The program outcomes were formulated based on the scrutiny
of systematic reviews, overview papers, expert opinion papers
on core outcome domains, and outcome measures used in
previous LBP interventions. To identify behavior-related
outcomes, we consulted the literature on behavior change theory
related to pain, pain-related disability, and self-management.
We aso used information from the 2 systematic reviews that
we conducted on digita interventions to support
self-management of LBP[11,22]. Building on the results from
step 1 and an examination of the literature, a logic model of
change specifying the outcomes and objectives was devel oped.
The model included a definition of the change in behavior
needed for improvement in LBP (behavioral outcomes) and
detailed specifications of what people with LBP need to do to
perform that behavior (performance objectives). Finally, amatrix
pairing the performance objectives with the determining factors
of LBP self-management identified in step 1, with positive
statements about what needsto occur to achieve the performance
objectives (change objectives[14]), was created.

Step 3: Program Design

In step 3, the intervention concepts were outlined in an iterative
process of matching relevant behavioral change theory to the
practical applicationidess. Clinical practice guidelinesand their
accompanying patient leaflets, as well as pain management
websites deemed to originate from trustworthy sources, were
reviewed to outline the intervention content. The choice of
specific physical exercises and educational content was
determined in aparallel process with the GLA:D Back project,
agroup education and exercise program that trand atesguideline
recommendations into a clinician-delivered package for the
promotion of self-management in people with persistent or
recurrent back pain [23]. A psychologist provided feedback on
the educational content. The process of identifying theories of
behavior change that would guide the choice of methods and
practical applications of these methods was informed by the
review of behavior change theory from step 2 and the extensive
experience with trials on self-management of LBP among the
planning group. Parts of the interviews conducted for step 1
provided valuable information on users needs and wishes
regarding the self-management app. We also purposefully
reviewed the literature on practical ideas for enhancing
engagement with the app, for example, as gamification and
notification systems. For all determinants and performance
objectives, theoretically underpinned behavior change
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techniques were chosen, and the practical application of each
technique was brainstormed, discussed, and refined by the
planning group. The outcome of this third step was an outline
of the intervention themes, components, and sequences of the
intervention.

Step 4: Program Production

All technical and practical features of delivering the selfBACK
intervention through a smartphone app and the participant
documents for use in the RCT study were created in step 4
[24,25]. Throughout the production process, brainstorming
sessions and workshops among planning group members for
production of content were held continuously, and technical
solutions for running the digital intervention (ie, talored
decision support for self-management using artificial
intelligence) were devel oped, tested, and refined. Furthermore,
the user interface was designed, starting with wireframes, visual
identity and design, and functiona requirements. Before we
designed the app’s visua identity, we performed a search of
existing apps on Google Play and the Apple App Store. The
appswere qualitatively evaluated using Apple Human Interface
Guiddines, Apple Research Kit, and Google'sMaterial Design.
These guidelines are considered state-of-the-art documentsand
trendsetters in app design. As part of the design process, we
created fictional characters (personas) based on the literature
scrutiny from the previous steps and the interviews conducted
in step 2. The personas helped the app developers understand
the needs, experiences, behaviors, and goals of patients with
LBP and guide the design process. The user journey map was
matched with the personas. This map served as a blueprint for
the design and devel opment phases of the app. The map depicted
an overview of the journey that a user would embark on from
experiencing LBP for the first time to finding an individual
solution to their pain and how that journey may be guided
toward using the selfBACK app.

A total of 2 feasihility studieswith target popul ation participants
were conducted: 1 in the United Kingdom and 1 in Norway.
The UK feasihility study (n=16) was conducted to explore the
feasibility and acceptability of the baseline questionnaire,
physical activity monitoring, and feedback strategies with a
prototype app, whereas the Norwegian feasibility study (n=10)
tested the full intervention with an early version of the
selfBACK app [26]. In both the UK and Norwegian feasibility
studies, we applied quantitative and qualitative methods to
inform further devel opment of theintervention. Simultaneously,
app prototypeswere tested by the planning group membersand
external users conducted both as group sessionsand asreal-time
tests of app use in consecutive periods (n=65 female, 60 male).
Finally, a pilot study in Denmark and Norway (n=51) was
conducted using acomplete version of the app to test recruitment
and screening procedures and inform the design of the effect
and process eval uation [27]. Intervention content was devel oped
and continually refined in an iterative process over a period of
>2 years. To ensure consistency throughout the app content and
the trial documents, everything was first completed in English
and then trandated to Danish and Norwegian (settings for the
RCT study).
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Step 5: Implementation Plan

The plan for the implementation and adoption of the selfBACK
app was based on the results from previous steps, the pilot study,
and theory, taking into account both behavior change and
implementation theories, to improve the likelihood of embedding
the DHI into daily routines. The program use outcomes
(adoption and implementation) were specified. The self BACK
app targets care-seeking patients; therefore, it was necessary to
also consider the adoption of the selfBACK app from the
recruiting HCPs' perspective. We used normalization process
theory (NPT) to identify determinants of adoption and
implementation and linked them to each performance objective.
Finally, amatrix was created by planning the group discussions.
We used behavior change techniques (BCTs) to convert the
change objectivesinto practical strategies. Recruitment material
for patients with LBP (app users) and recruiting clinicians was
produced together with a plan of how to attract both groupsto
the project. Procedures for the recruitment of and initial and
sustained contact with the HCPs were established, as well as
the procedures for inclusion, screening, randomization,
follow-up, and evaluation of the app users[20].

Results

Step 1. Logic Model of the Problem

In step 1, we interviewed 8 patients with LBP (5 [63%] men
and 3 [27%] women) about their experience with treatment of
LBP and how they usually self-managed their LBP. From these
interviews, we identified and prioritized not following
evidence-based self-management strategies as the most
important changeable, adverse behavioral factor contributing
to poor outcomesfor peoplewith LBP. Thisbehavior isbelieved
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to be affected by the following personal determining factors:
not being aware of ways of self-managing LBP (lack of
knowledge and awareness); not possessing skills or being
insecure about the ability to self-manage L BP (low self-efficacy);
or fearing an increase in pain when doing physical activities
(fear-avoidance behavior and catastrophizing), negative
expectations about the course of LBP (low outcome
expectations), and challenges encountered when trying to fit
self-management strategies within the context of daily life (low
motivation). In addition, the 2 interviewed HCPs reported that
many patientsrelied on HCPsto curetheir pain and that getting
people to change their perception of how best to manage LBP
(eg, avoid bed rest and stay active) was one of the biggest
problems for HCPs (patients lack of knowledge and low
self-efficacy). Convincing people that ssmple at-home body
weight exercises and not gym memberships could be helpful
was also challenging (low motivation). All of this informed a
logic model of the problem from the target population’s
perspective. Subsequently, the planning group decided that the
overall program goal was to improve the self-management of
nonspecific LBP to reduce pain-related disability. The personal
determinants were knowledge and awareness, skills, fear
avoidance and catastrophizing, self-efficacy, and motivation
and outcome expectations.

Step 2: Program Outcomes and Objectives—L ogic
Modéel of Change

In this step, we created a matrix specifying the intended
behavioral change expected to result from selfBACK
intervention. The result was a schematic representation of what
patients with LBP needed to do to reach the overall objective
of self-managing their LBP, as exemplified in Table 1.
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Table 1. Extract of the matrix of change objectivesfor thefollowing behavioral outcome: To increase use of evidence-based self-management strategies.

The full matrix is available in Multimedia Appendix 1 (Table S1).

Behavioral outcome® Personal determinants

Moativation and out-
come expectati ons'

Fear avoidance and

Self-efficacy®
catastrophizi ngd

POY 1: Accept self-management astreatment strategy for LBP" and make the decision to self-manage L BP with support from selfBACK

Knowledge and SKill<
awareness’
app
Change objectives « ldentify positive Demonstrateabilityto e

characteristicsof operate selfBACK
self-management  app
and negative
characteristics of
provider depen-
dent behavior
«  List examples of
self-management
of LBP

POY 14: Integrate self-management strategies for LBP"into daily life

Change objectives « Listwaystointe-

grate self-man-  schedule self-manage-
agement of LBP ment into daily rou-
into daily rou- tines

tines

Demonstrate abilityto

Recognizefear-  Expressconfidencein «
ful thoughtsand the ability to operate
negativethinking selfBACK app

in relation to

self-management

Express positive
feelings or
thoughts about
engaging in self-
management of
LBP

o  Expect that self-
managing will
ease living with
LBP and achiev-
ing life goas

Recognizefear- Expressconfidencein «  Express positive

ful and negative  theability to integrate feelings or
thoughts and self-management of thoughts about
feelingsinrela  LBPinto daily rou- integrating self-
tiontointegrat-  tines management into
ing self-manage- daily routines
ment into daily «  Expect that inte-
routines gration of LBP

«  Recognize own salf-management

fear-avoidance will lead to a
behavior inrela healthier, better
tion to integrat- life

ing self-manage-

ment into daily

routines

% ncrease use of evidence-based self-management strategies.
BIncrease knowl edge of self-management behavior.
“Develop ahility to engage in self-management behavior.

dReduce fear or negative expectancies about engaging in self-management behavior.
€Improve perceived ability to uptake and engage in self-management behavior.
fi mprove autonomous motivation to engage in self-management behavior and improve expectations to the outcome of self-management behavior.

9PO: performance objective.
PLBP: low back pain.

Step 3: Program Design

Core Components

Using evidence for the 3 main intervention components from
clinical guidelines [5-8,28-31] and studies on management of
LBP[32], aswell as patient |eaflets from the National Institute
for Health and Care Excellence [33-41] and L BP management
websites [42-45], three overall themes emerged: physical
exercise, education, and physical activity.

Physical Exercise

Guidelines de campo [28,46] and systematic reviews on LBP
treatment [47-53] endorse physical exercisesfor the management
of persistent LBP. There is no evidence that any one type of
exercise is better than others; however, strength training and

https://www.jmir.org/2022/1/e26555

motor control exercises are most commonly used [54,55].
Exercisesfor flexibility that aim to restore or improve the range
of motion of the lumbar spine are also often part of programs
to aleviate LBP [47,48,53]. In addition, reviews on motor
control exercise support another type of exercise, pain relief,
as being effective to support management of pain
[47,50,52,53,56]. These exercises comprised movements
performed in the midrange and without strong muscle
contractions to facilitate controlled and smooth movements.

The amount of exercise was not always clearly described in
RCTs; however, longer durations of exercise periodsand heavier
training seemed to be more effective in reducing back pain
compared with shorter exercise periods and lighter loads [57].
The American College of Sports Medicine recommends 2 to 3
weekly sessionsfor muscletraining at 60%-70% of 1 repetition
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maximum for beginners and 80% or 1 repetition maximum, sets
of 8 to 12 repetitions for strength and power, and >15 for
endurance for those who are more experienced [58]. Tomaintain
a good range of motion, flexibility exercises to the end range
are recommended 2 to 3 days aweek, held for 30 seconds, and
repeated 2 to 4 times [58]. As the literature does not clearly
indicate the most effective exercises, we chose to design
individually tailored exercise programs based on, for example,
symptoms, preferences or fithess levels, and exercisesaimed at
pain control or pain reduction, improved motor control, strength,
and flexibility. Consequently, exercises included in the
selfBACK exercise bank were categorized into six different
targets: (1) flexibility exercises, (2) pain-relieving exercisesin
addition to strength exercises, (3) back extensors, (4) gluteal
and hip muscles, (5) abdominal muscles, and (6) core muscles.
The organization of exercises by their target, rules for
progression, or regression between exercise levels were guided
by consensus discussions among experienced clinicians and
researchers, physiological reasoning, and clinical experience.

https://www.jmir.org/2022/1/e26555
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Education

A cognitive behavioral approach to patient education revolving
around teaching or promoting pain coping skills such as activity
pacing and progression guidance, goal setting and action
planning, and mindfulness techniques [30], as well as
reassurance about the prognosis of LBP[31], wasrecommended
by the guidelines[28,29,31]. Furthermore, we chose education
that comprised information about the condition, consequences
and management, discouragement of bed rest, and advice to
stay physically active. Our systematic reviews, conducted in
step 1, also highlighted the importance of providing support
that was easy for a user to integrate within the many competing
activities of their daily lives [11,22]. Themes in relation to
education, which were extracted from the guidelines[5-8,28-30],
patient leaflets[33-41], and pain management websites [42-44],
were organized under the main and subthemes, as presented in
Textbox 1.
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Textbox 1. Main themes and subthemes of the educational content.
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First aid for acute back pain
«  First aid reassurance

o  First aid stay active

Fitting self-management into your daily life
« Daily activities

« Metime

General information about low back pain
o Causeof low back pain

o Guidelineslow back pain

« Imaging

o Painrating

o Reassurance

o  Start exercise

.  Stay active

o  Structure of back

How body and mind are connected

e Mind-body connection

How thoughts, behavior, attitudes, and feelings affect low back pain
o Accepting pain

«  Anxiousthoughts and feelings

o Attitude

«  Changing negative thoughts

« Distraction

o Distress

»  Fear avoidance

o  Stress

«  Thoughts

How to overcome barriersfor self-management of low back pain
« Barier fecilities

«  Barrier family and work

« Barriertime

« Barrier tiredness

«  Barrier support

. Barrier weather

How to practice mindfulnessfor low back pain

«  Mindfulness

How to reach your goals

« Pacing

How to seek social support

«  Family and friends

https://www.jmir.org/2022/1/e26555
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«  Work

How to set specific, measurable, achievable, realistic, and timely (SMART) goals

« Action planning

. Goa setting

How to sleep better at night
« Sleeptips

How to solve problems

«  Problem solving

L ow back pain and other medical conditions
« Anxiety

o Depression

o  Musculoskeletal pain

o  Sleep problems

Self-manage your low back pain

«  Encouragement to self-management

Physical Activity

The importance of physical activity has been recognized as a
prime strategy in guidelines for self-management of LBPR,
including advice to stay active and at work, as well as
discouragement of bed rest [5-8,28-30]. Thishas, to alarge part,
been based on the deconditioning model of LBP [59]; that is,
patients with LBP may be restricted in the performance of
everyday physical activities. Consequently, they risk devel oping
an inactive lifestyle, and a vicious circle may then gradualy
develop. The recommended daily step count was based on the
genera recommendationsfor physical activity [58]. A minimum
step count goal of 3000 per day was chosen to reflect the fact
that participants may have functional disabilitiesthat affect their
physical activity level. Optimally, users should reach 10,000
steps per day [58,60].

Outline of Intervention App Design

The blueprint of the selfBACK intervention content that is
incorporated inthe self BACK appisshownin Figure 1. Weekly
SMPswith content from the three main intervention components
are outlined as follows: (1) a bank of physical exercises; (2) a
bank of educational messages and quizzes; and (3) physical
activity registration in terms of step counts, together with an
accomplishment-based motivational notification system. The
bank of physical exercises has 59 strength and flexibility
exercises organized in 5 targets with up to 6 difficulty levels
and 11 additional pain relief exercises. Instructions for each
exercise were provided in text and video formats, with real-life

https://www.jmir.org/2022/1/e26555

model s demonstrating the exercises (no audio). Exercise sessions
were recommended to be performed 3 to 5 times a week. The
default program comprised 3 exercises constituting 15 minutes
per session. An exercise could be swapped with another chosen
by the system based on the participants' reason for swapping
(eg, exercise too difficult or easy, pain when performing, or
unclear instructions). The educational material comprised daily
messages or quizzes and atoolbox. M essages and quizzeswere
structured under the 14 main themes with up to 9 subthemes
identified in step 2 (Textbox 1). Short messages (<140
characters) were followed by an optional long message
(maximum 500 characters), which included a more thorough
explanation. Quizzes with yes or no answers were followed by
the correct answer and an explanation. When applicable, the
messages were accompanied with alink to atoolbox item with
additional content to support self-management, that is,
interactivetools (goal setting or bedtime reminder), mindfulness
audios, and an explanatory text about how LBP,
self-management, and the selfBACK app were connected.
Additional toolbox itemsincluded 2 libraries with all previous
physical exercises and educational messages or quizzes and
advice on handling LBP relapse. Physical activity (step count)
wastracked using awearable device (Mi Band 3, Xiaomi Corp)
connected to the app viaBluetooth. Daily, weekly, and monthly
accomplishment of steps were graphically available to the
participant. On the basis of their accomplishments, motivational
notifications (motifications) encouraged participants to reach
their daily step count goal.

JMed Internet Res 2022 | vol. 24 | iss. 1| €26555 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Svendsen et d

Figure 1. Outline of the selfBACK intervention. Tailoring questions presented in Sandal et a [20]. LBP: low back pain.

Physical exercises

Education

Physical activity

Strength, core stability, and flexibility
exercises

Targets:

* Abdominal muscles

+ Back extensor muscles

* Gluteal and hip muscles

* Deep core muscles

Pain relief exercises

Default 15-minute program, 3 sets with
10 repetitions of 3 exercises

1 abdominal + 1 back extensor or 1 deep
core + 1 exercise chosen randomly by
system

If the user’s current pain is 2 7 on the
Numerical Range Scale (NRS) or
experiences a large increase in pain
intensity from past week, then only pain
relief exercises are offered.

Swap function

Option to replace an exercise with a
system-chosen alternative based on
feedback from user (exercise too easy or
too difficult, pain when performing
exercise, or unclear instructions)

Messages and quizzes

+ Daily short message or quiz with
optional longer explanation

* When applicable, link to toolbox item
from message or quiz

Toolbox

Resources and interactive tools

* Mindfulness audios

* Bed time reminder tool and sleep
hygiene tips

+ Goal setting tool

Knowledge bank

* “About LBP”, “Self-management”,
“Pacing and progression”, and
“Caution”

Libraries

* Prior physical exercises

* Prior messages and quizzes

Pain flare-up relief

* Tips for sleeping positions, information
about sleep and LBP + link to pain
relieving exercises (library)

Physical activity registration
Step count registration through wristband

Daily step goal
Tailored daily step goal based on prior
accomplishment

Monitoring of steps

Graphical feedback for daily, weekly and
monthly step count, % of goal, distance,
and calorie consumption

“Motification” system
Accomplishment-based motivational
notifications encouraging to reach step
goal

Cross-component features

* Calendar function: allows access to all previous content and achievements from first use of app

+ Visual display of goal accomplishments: fractional filling of dots resembling accomplishment level. Dots replaced by gold star when daily
goals for all three components are reached

* Statistics: summary of total number of kilometers walked, number of educational messages read, number of educational quizzes answered,

and number of physical exercises completed from first use of app
* Rewards: general and component specific rewards
* Notifications: motivating to launch app, check goal achievements, and reaching goals

e D —— o ————— ey
| Completion of exercise sessions Completion of educational reads and Accomplishment of steps |
1 Preferred exercises (use of swap function) quizzes User adjustment of daily step goal
| Tailorina to Tailoring question: pain intensity Tailoring questions: workability, function, |
g User indication of time available for sleep, fear-avoidance, self-efficacy, stress, |
| genert;te exercise sessions depression, barriers 1
| new plan
I < Z < Z < Z '
NS N\ N\ |
1 Case-based reasoning system (past similar successful cases) |
ettt = ittt -
Self-management plan for the new week

Furthermore, the app had five cross-component features:

A calendar function allowed users to access content and
see accomplishments from the first day of using the app.
Dotsthat gradualy filled up asthe daily goalswere reached
displayed the accomplishment level. On days where all 3
goals were reached, a gold star replaced the dots.

A statistical summary showed the distance walked and
number of messages read, quizzes answered, and exercises
performed since the start of using the app.

General and component-specific rewards were unlocked
once the users performed the goal. For example, reaching
all daily goals for the first time gave a reward. The next
levels were 3, 7, and 14 times; another example was the
number of steps in total, where the first reward was at
50,000 steps, followed by 100,000, 200,000, and 800,000
steps.

Notifications motivated users to engage with the app but
could be turned off by the user. Examples of these
motificationswere“ Fantastic performance today! Achieved

https://www.jmir.org/2022/1/e26555

RenderX

your step count goal!” and “You're more than half way to
your step-count goal. Taking the stairs instead of the lift
can really help towards your step count goal.”

Tailoring of SMPsto individua participants was based on data
from four sources: (1) the baseline questionnaire [20]; (2) the
participant’s achievement of physical exercisesinthe preceding
week; (3) the participant’s achievement of stepsin the preceding
week; and (4) weekly tailoring of question and answer sessions
with a changing selection of questions from the baseline
guestionnaire[20], the participant’sindication of time available
for physical exercise per session, the participant’s preference
for exercises, and the participant’s adjustment of the step goal
for the new week (—10% to +10% to 20% from what the app
suggested based on the preceding week), with an upper limit of
10,000 steps. A CBR system supported by a sophisticated rule
engine used the abovementioned data from the current
participant (case) and previous similar participants (cases) to
generate new SMPs [19,25]. Generation of a new SMP was
initiated by the weekly tailoring session or upon return to the
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app if the participant had not used the app for morethan aweek.
This processis described in detail elsewhere [19,25].

Underpinning Theoriesfor Behavior Change and
Engagement in DHIs

Self-management interventions can be characterized as behavior
changeinterventionsin that they are designed to hel p the patient
learn and adopt a set of health behaviors and thus, benefit their
condition [61]. To underpin the selfBACK intervention
theoretically in relation to behavior change and engagement, 2
frameworks were applied in the design. The Transtheoretical
Domain Framework (TDF) is an overal framework
encompassing 33 behavior change theories[62]. TDF has been
validated for use in behavior change and implementation
research [63]. To facilitate the application of BCTs [64,65],
matrices have been created by expert consensus, mapping BCTs
and theoretical constructs as per TDF [66,67]. Furthermore,

https://www.jmir.org/2022/1/e26555
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NPT underpins the strategies for uptake and adherence to the
intervention. NPT isasociological theory that has been widely
used to understand the factors that influence how technologies
or therapies are implemented, embedded, and integrated into
daily routines [68-70]. NPT has four main constructs: (1)
coherence—the sense-making work that participants undertake,
which influences whether they are willing to embed a new
practice in their lives, (2) cognitive participation—the work
that participants undertake to engage with the new practice; (3)
collective action—the work that participants do to enact a new
practice; and (4) reflexive monitoring—the appraisal work that
participants undertake to determine whether the new practice
is worth sustaining or how it must be reconfigured to fit their
needs[68-70]. All practical applications of the change objectives
are linked to the BCTs and NPT domains, as exemplified in
Table 2.

JMed Internet Res 2022 | vol. 24 | iss. 1 | €26555 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Svendsen et al

Table 2. Example matrix for mapping practical applications of performance and change objectives to BCTs? and NPT® domains. The full matrix is
availablein Multimedia Appendix 1 (Table S2).

Personal determinantsand change objectives Practical application BCTsas per BCT taxonomy

version 1 [64]

NPT domains [68,69]

POC 1: accept self-management as a treatment strategy for L BPY and make the decision to self-manage L BP with support from selfBACK
app

«  Knowledgeand awvareness: identify

positive characteristics of self-

management and negative character-
istics of provider-dependent behav-
ior and list examplesof self-manage-

ment of LBP

Skills: demonstrate the ability to

operate selfBACK app

Fear avoidance and catastrophizing:

recognize fearful thoughts and

negativethinking in relation to self-

management

Introduction sessionexplain-

ing structure and content of
app, automatically shown af-
ter first log-in and thereafter
accessible from Settings
Educational messages and
quizzes

Referral from educational
messages to relevant tool box
elements

Toolbox elements: resources
and interactive tools, knowl-

5.1 Information about health

consequences

5.3 Information about emo-
tional consequences

4.1. Instruction on how to
perform the behavior

2.2. Feedback on behavior
10.4. Socia reward

7.1. Prompts/cues

Coherence (gaining an
understanding of the
condition)

«  Collectiveaction (devel-
oping skills)

«  Cognitive participation
(engaging with the user
to promote uptake)

«  Reflexive monitoring

(evaluation and feed-

back)

« 15.1. Verba persuasion about

«  Sdf-efficacy: express confidence capability

edge bank, libraries, and pain

in the ability to operate selfBACK flare-up relief
app «  Visual display of goa accom-
«  Motivation and outcome expecta- plishments

Rewards for achievements
Calendar function
Statistics

Notifications

tions: express positive feelingsor ~ «
thoughts about engaging in self- .
management of LBP and expect .
that self-managing will easeliving «
with LBP and achieving life goals

POC 14: integr ate self-management strategies for L BPYinto daily life

«  Knowledge and awareness: list .

ways to integrate self-management

of LBPinto daily routines

Skills: demonstrate the ability to

Educational messages and .

quizzes
Referral from educational
messages to relevant tool box

5.1. Information about health «

consequences
5.3. Information about emo-
tional consequences

Coherence (understand-
ing)

«  Cognitive participation

(engaging with the user

schedul e self-management into elements . to promote uptake)
daily routines «  Toolbox elements:. resources 4.1 Instruction on haw to «  Reflexive monitoring

«  Fear avoidance and catastrophizing: and interactive tools, knowl- perform the behavior (evaluation and feed-
recognize fearful and negative edge bank, libraries, and pain 1.5. Review behavioral goals back)

thoughts and feelingsin relation to flare-up relief « 1.6. Discrepancy between
integrating self-managementinto  «  Visud display of goal accom- current behavior and goals
daily routines and recognize own plishments

fear avoidance behavior inrelation
tointegrating self-managementinto  »
daily routines .

«  Sdf-efficacy: expressconfidence  «
in the ability to integrate self-man-  «
agement of LBPinto daily routines «

«  Motivation and outcome expecta-
tions.: express positive feelings or
thoughts about integrating self-
management into daily routinesand
expect that integration of LBP self-
management will lead to ahedlthier,
better life

Calendar function
Statistics
Notifications

Monitoring of steps
Motification system

Rewards for achievements .

Physical activity registration

10.4. Social reward

o 2.2. Feedback on behavior
+ 10.5. Socid incentive

« 7.1 Prompts/cues

« 15.1. Verba persuasion about
capability

3BCT: behavior change technique.
BNPT: normalization process theory.
®PO: performance objective.

dLBP: low back pain.

Outline of Engagement Strategies

Previouswork on DHIsfor self-management of LBPidentified
lack of engagement asamajor barrier to use[13,71]. Machado
et a [13] advocated the incorporation of strategies to increase

https://www.jmir.org/2022/1/e26555

RenderX

engagement by stimulating repeated use, for example, through
reminders, gamification, or reward systems. In our systematic
review on barriers to and facilitators of engagement in DHIs,
we further identified the briefness of information, feedback,
tailoring, user-friendliness, design, and layout as facilitators of
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enhanced engagement in self-management of L BP through DHIs
[22]. Gamification, the concept of applying game mechanicsto
nongame contexts, has been shown to enhance user engagement
in DHIs by using many different techniques, for example,
badges, progress elements, quizzes, and challenges [72,73]. In
addition, gamification in DHIs offers other advantages such as
enhancing motivation, making health activities enjoyable and
understandable, and improving users' abilities to self-manage
their condition [73]. Therefore, it is thought to contribute to
behavior change because of its resemblance with established
health BCTs [74]. Our interviews with people with LBP
confirmed the empirical findings; afriendly, supportivetonein

Svendsen et d

the app that motivated to do more rather than pointing out
insufficiencies was suggested to improve engagement, as well
as records of accomplishment and rewards. Feedback on
self-management behavior was thought to increase motivation
and engagement. Appraisal of the app by the HCP or visibility
of atrustworthy source was also important for participants.

A program logic model bringing together the intended effect
outcomes, behavioral outcomes, targeted determinants, and
program outputsis presented in Figure 2. Thisintervention logic
model describesthe mechanistic pathway from theintervention
to the reduction in pain-related disability because of LBP.

Figure 2. Program logic model of the selfBACK intervention. BCT: behavior change technique; NPT: normalization process theory.

Implementation theories (NPT) to
support engagement with intervention

Physical exercises
Education

Physical activity

"~ ) (" N i A
. . Determinants of . Lo
Self-management intervention Behavioral objective Outcomes
change :
\. \. J \ AN /
/ Knowledge and :
awareness : .
Primary
. J Pain-related
Skills disability

Fear avoidance and
catastrophizing

Self-efficacy

Increased use of
evidence-based self-
management
strategies

Selected secondary
J Pain (intensity,
duration)

J- Fear avoidance
/™ self-efficacy

Motivation and
outcome
expectations

™ Activity level
Iliness perception

\BFTS to change self-management behavity
.

-

Step 4: Program Production

Results from the user journey map tests and continuous user
testing of app beta versions provided insights into user needs
and potential barriers to use and contributed to improvements

https://www.jmir.org/2022/1/e26555
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in the intervention design and layout (Figure 3). A full
description of the app design process and technical
specifications, including the personas and user journey map,
frontend development, coding, and security measures, are
available el sewhere or upon requesting the authors [75].
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Figure 3. Screenshot of the selfBACK app plan screen showing the 3 main components of a weekly self-management plan and a screenshot of each
of the three main components of the self-management intervention: physical exercises, education, and physical activity.

Exercise

Pelvis lift

Single arm lift

Results from the feasibility studies improved the activity
monitoring from the wristband to the app; established a
notification taxonomy taking both achievements and reported
barriers into account; and refined the educational content, step
count accuracy and goal setting, motivational notifications, and
technical barriers to using the app [26]. Finaly, the 6-week
single-arm pilot study in Denmark and Norway resulted in
refinements of recruitment, screening, and app installation
proceduresaswell as effect and process eva uationsfor the RCT

[27].
Step 5: Implementation Plan

The result of the fifth step was a plan of how we foresaw
adoption and implementation in the selfBACK RCT (Table 3).

https://www.jmir.org/2022/1/e26555

RenderX

How to practice relaxation @

Being stressed or tense because of low
back pain can actual |y lead to even

more pain.

You might benefit from trying a
relaxation technique!

The program use outcomes (adoption and implementation) were
formulated with eight performance objectives. Changeable
determinants as per NPT [68,69] were identified and crossed
with the performance objectivesto formulate change obj ectives.
BCTs formed the theoretical foundation for the methods that
underpinned the practical strategies for adoption and
implementation [64]. A screening and inclusion procedure that
lies between the adoption and implementation outcomes has
been published [20,27]. On the basis of the results of the pilot
study, practical strategies for adoption were refined, including
an upscale in the number of recruitment sites or HCPs needed
to adopt the intervention to reach the desired number of
participants in the RCT.
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Table 3. Plan for program adoption and implementation of the selfBACK intervention.

Program use outcomes and per-  Determinants for embed- ~ Change objectives BCT to address each Practical strategies
formance objectives ment of digital intervention change objective as per

to everyday routine as per BCT taxonomy version 1

NPT?[71,72] [67]

Adoption use outcome: Recr uitment sites (HCPs®) adopt the selfBACK intervention and participant recruitment procedures

Agreeto participatein self-  Coherence and . 1.8. Behavioral con-  «

BACK RCTY asrecruitment

sites

Agreeto recruit patients to

participate in self BACK
RCT

HCPs implement recruit-

cognitive participation

Cognitive participation

Coherence and cognitive

Managers at recruit-

ment sites provide
verbal agreement to
alow their serviceto
implement self BACK
Managers at recruit-
ment sitesallocatere-
sources (time) to sup-
port recruitment

HCPs develop an un-
derstanding of the
purpose, structure,
and content of the
selfBACK interven-
tion

HCPs develop an un-

tract

1.8. Behavioral con-
tract

5.1. Information

Verbal agreement
from each recruitment
site manager to alow
their clinic to imple-
ment selfBACK asan
add-on to usual care
and support partici-
pant recruitment to

selfBACK RCTY
Recruitment site
managersto nominate
HCPsto receive in-
struction in recruit-
ment pathway from
selfBACK re-
searchers

HCPs receive infor-
mation about self-
BACK RCT and re-
ceive information
from selfBACK re-
searchersif there are
further questions

HCPs receive infor-

ment procedures (identifica-  participation derstanding of who about health conse- mation about self-
tion of eligible patients digible patients are quences of the inter- BACK RCT and re-
based on RCT inclusion cri- « HCPsdevelop skills vention ceive information
teria, including practical toinitiate recruitment 4.1. Instruction on from selfBACK re-
strategies for establishing how to perform a be- searchersif there are
contact between patient and havior further questions
selfBACK research team) «  HCPsreceiverecruit-

HCPs encourage patients to
participate in self BACK
RCT as an add-on to usua

care

Cognitive participation and

collective action

HCPsinformeligible
patients about the
selfBACK interven-
tion

« 4.1 Instructionon .

ment pathway ideas
from selfBACK re-
searchers

HCPs give written or
verbal information
about selfBACK to
patients and promote
participation verbally

how to perform abe-
havior

Implementation use outcome: participants engage in the selfBACK intervention by implementing selfBACK app in daily routines
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Program use outcomes and per-
formance objectives

Determinants for embed-
ment of digital intervention
to everyday routine as per

NPT2[71,72]

Change objectives

BCTS” to address each
change objective as per
BCT taxonomy version 1

[67]

Practical strategies

Participants make sense of
the selfBACK intervention

Participants build and sus-
tain engagement in the self-
BACK intervention

Participants invest efforts
and resourcesin engagement
in the selfBACK interven-
tion

Participants eval uate engage-
ment inthe selfBACK inter-
vention

Coherence

Cogpnitive participation

Collective action

Reflexive monitoring

«  Participants develop
understanding of the
purpose and potential
of the selfBACK app

o  Participantsinitiate
regular use of the
selfBACK app

«  Participantsprioritize
regular use of the
selfBACK app

o  Participants appraise
the selfBACK app
and decide to sustain
engagement

« 8.1 Behaviora prac-
tice/rehearsal

« 8.1 Behaviora prac-
tice/rehearsal

« 8.1. Behaviora prac-
tice/rehearsal

« 5.1 Information
about health conse-
guences

« 5.6. Information
about emotional con-

«  Participants explore
the features of the

selfBACK app®

«  Participants launch
and use the self-

BACK appregularly®
o  Participantslaunch
and use the self-

BACK appregularly

e

o Participants deem
selfBACK app as ef-
fective or helpful®

o Participants answer
follow-up question-

sequences nairesduring thetrial

period

3NPT: normalization process theory.

bBCT: behavioral change technique.

CHCP: hedlth care professional.

9RCT: randomized controlled trial.
CPractical application is the desired scenario.

Discussion

Principal Findings

This study provides a detailed example of using IM to
systematically devel op atheory and evidence-based app-based
intervention for peoplewith nonspecific LBP. Thereiscurrently
limited literature on the development of complex digital
interventionsfor self-management, and this study should inform
future researchersin this evolving field.

During our IM process, we found that the existing knowledge
on self-management of LBP is generic with respect to
descriptions of intervention content. Clinical practice guidelines
for LBP also provide incomplete descriptions of the advice
delivered in interventions [76]. In our systematic review, a
consistent finding was that a comprehensive description of the
development and use of theory was either brief or absent from
theincluded studies[11]. A recent study revea ed that there are
>700 pain-related smartphone apps available from the main app
stores and 61 apps about LBP solely [13]. However, few of
these apps have evidence-based content, many have not been
rigorously tested for effectiveness, and HCPs and patients are
rarely involved in their development [13]. In contrast to the
existing apps, selfBACK was developed with astrong theoretical
underpinning, involved key stakeholders, integrated feedback
from users, and was devel oped by expertsin relevant fields.

As demonstrated in this study, the IM approach details how
accessing and using theory can support the development of

https://www.jmir.org/2022/1/e26555

intervention content as requested in the Medical Research
Council’s framework [15] and the CONSORT-EHEALTH
checklist [16]. A thorough description of an intervention’s
theoretical underpinning increases the understanding of the
mechanisms of action and the potential for replication. The
application of the IM approach with strong theoretical
underpinning will allow for meaningful eval uation of the process
of implementing digital self-management of LBP in both
people'sdaily lives and primary care.

Strengthsand Limitations

A strength of this study is the >2-year development phase
following IM. A large and diverse planning group worked
continuously on developing, testing, and refining the selfBACK
i ntervention, which made the uniqueness of combining behavior
change theory and implementation theory, empirical findings,
and state-of-the-art technical solutions such as CBR possible.
Rigorous pretesting, an essential part of IM [14], with 2
feasibility studies, a pilot study, and continual user testing
involving >200 people, is adso a strength of this study. A
possible weakness of our study isthat we did not fully adhere
tothe M protocol. Our needs assessment and the resulting logic
model of the problem encountered self-management of LBP
exclusively from the target population’s perspective. The IM
protocol advocatesamultilevel approach, taking environmental
factors and the potential influence of environmental agentsinto
account [14].
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Conclusions isatime-intensive collaborative process, thisreport of therange
of methods used provides a transparent account of the
development process and ablueprint for designing and creating
future DHIs for self-management.

This paper reports a detailed example of the application of IM
in the development of a theory-driven complex DHI designed
to support self-management for people with LBP. Although IM
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CBR: case-based reasoning
CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehedlth

DHI: digital health intervention

HCP: health care professional

IM: intervention mapping

LBP: low back pain

NPT: normalization process theory

RCT: randomized controlled trial

SMP: self-management plan

TDF: Transtheoretical Domains Framework
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Table S1: Matrix of change objectives for the behavioural outcome ‘To increase use of evidence-based self-

management strategies’.

Personal determinants

Knowledge and awareness® | Skills® Fear-avoidance
and

catastrophizing®

Self-efficacy!

Motivation and
outcome
expectations®

PO'1: Accept self-management as treatment strategy for LBP and make the decision to self-manage

LBP with support from SELFBACK app

Change objectives

o Identify positive Demonstrat Recognise Express Express
characteristics of self- e ability to fearful confidence positive
management and operate thoughts and in ability to feelings or
negative characteristics SELFBACK negative operate thoughts
of provider dependent app thinking in SELFBACK about
behaviour relation to app engaging in

e List examples of self- self- self-
management of LBP management managemen

t of LBP
Expect that
self-
managing
will ease
living with
LBP and
achieving
life goals
PO™2: Make the decision to be physically active

Change objectives

e Explain positive effects Recognise Express Express
of physical activity and fearful confidence positive
negative effects of thoughts and in ability to feelings or
sedentary behaviour negative be thoughts

thinking in physically about
relation to active physical
physical activity
activity Expect that
Recognise physical
own fear- activity will
avoidance ease living
behaviour in with LBP
relation to

physical

activity

PO'3: Make the decision to perform physical exercises for LBP




Change objectives

o Identify positive effects Recognise Express Express
of physical exercises for fearful confidence positive
LBP thoughts and in ability to feelings or
negative be perform thoughts
feelings in physical about
relation to exercises physical
physical for LBP exercises
exercises for for LBP
LBP Expect that
Recognise physical
own fear- exercises
avoidance for LBP
behaviour in will ease
relation to living with
physical LBP
exercises for
LBP
PO4: Make the decision to use pain coping strategies for LBP
Change objectives
e Identify positive effects State that Express Express
of pain coping strategies pain coping confidence positive
for LBP strategies in ability to feelings or
will help to utilise pain thoughts
overcome coping about pain
fearful strategies coping
thoughts and strategies
negative for LBP
thinking Expect that
pain coping
strategies
will ease
living with
LBP
PO'5: Make the decision to use good sleep hygiene strategies
Change objectives
e Describe positive State that Express Express
effects of good sleep sleep will confidence positive
hygiene help to cope in ability to feelings or
with LBP utilise good thoughts
and negative sleep about good
thoughts hygiene sleep
strategies hygiene
strategies
Expect that
a good

sleep




hygiene
will ease
living with
LBP

PO'6: Select physical activities

Change objectives

Identify different types
of physical activity and
relative

advantages/disadvantag

Express
confidence
in ability to
select

es of each type in physical
relation to LBP activities
e State personal
preferences for physical
activities
PO"7: Select physical exercises for LBP
Change objectives
e List examples of Express
physical exercises for confidence
LBP in ability to
e Give examples of select
modifications or physical
increased/ decreased exercises
difficulty of exercises for LBP
e State personal favourite
physical exercises for
LBP
PO'8: Select pain coping strategies for LBP
Change objectives
e List examples of pain Express
coping strategies for confidence
LBP in ability to
e Identify personal select pain
preference according to coping
relevance strategies
for LBP
PO'9: Perform physical activities
Change objectives
e List where and when Demonstrat Acknowledg Express Express
physical activities can e ability to e that confidence positive
be performed perform performing in ability to feelings or
e Describe duration, physical physical perform thoughts
intensity and frequency activities activities physical about
of physical activities might result activities performing




in temporary

physical

increase in activities
LBP Expect that
performing
physical
activities
will lead to
healthier,
better life
PO'10: Perform physical exercises for LBP
Change objectives
e List where and when Demonstrat Acknowledg Express Express
physical exercises for e ability to e that confidence positive
LBP can be performed perform performing in ability to feelings or
e Describe duration, physical physical perform thoughts
intensity and frequency exercises exercises physical about
of physical exercises for for LBP might result exercises performing
LBP in temporary for LBP physical
increase in exercises
LBP for LBP
Expect that
performing
physical
exercises
for LBP
will lead to
healthier,
better life
PO'11: Use pain coping strategies for LBP
Change objectives
e Describe how and when Demonstrat Acknowledg Express Express
to use pain coping e ability to e that confidence positive
strategies for LBP use pain utilising in ability to feelings or
coping some pain utilise pain thoughts
strategies coping coping about
for LBP strategies strategies utilising
might result for LBP pain coping
in temporary strategies
increase in for LBP
LBP Expect that
utilising
pain coping
strategies
will ease

living with
LBP

PO"12: Use goal setting and pacing




Change objectives

e Describe how and when Demonstrat Acknowledg Express Express
to use goal setting for e ability to ¢ that goal confidence positive
LBP self-management use goal setting and in ability to feelings or
setting and pacing is utilise goal thoughts
pacing helpful for setting and about
techniques LBP self- pacing for utilising
management LBP self- goal setting
managemen and pacing
t for LBP
self-
managemen
t
Expect that
utilising
goal setting
and pacing
will ease
living with
LBP
PO13: Use good sleep hygiene strategies
Change objectives
e List examples of good Demonstrat Express Express
sleep hygiene e ability to confidence positive
e State personal strategy use sleep in ability to feelings or
for good sleep hygiene hygiene utilise good thoughts
strategies sleep about
hygiene utilising
strategies good sleep
hygiene
strategies
Expect that
having a
good sleep
hygiene
will ease
living with
LBP
PO14: Integrate self-management strategies for LBP into daily life
Change objectives
e List ways to integrate Demonstrat Recognise Express Express
self-management of ¢ ability to fearful and confidence positive
LBP into daily routines schedule negative in ability to feelings or
self- thoughts and integrate thoughts
managemen feelings in self- about
t into daily relation to managemen integrating
routines integrating t of LBP self-




self-
management
into daily
routines
Recognise
own fear-
avoidance
behaviour in
relation
integrating
self-
management
into daily
routines

into daily
routines

managemen
t into daily
routines
Expect that
integration
of LBP
self-
managemen
t will lead
to healthier,
better life

Increase knowledge of self-management behaviour

"Develop ability to engage in self-management behaviour

‘Reduce fear or negative expectancies about engaging in self-management behaviour

dImprove perceived ability to uptake and engage in self-management behaviour
‘Improve autonomous motivation to engage in self-management behaviour and improve expectations to the

outcome of self-management behaviour
PO: Performance objective




Table S2: Mapping practical applications of performance and change objectives to BCTs" and NPT’

domains

Personal determinants and
change objectives

Practical application

BCTs as per BCT
Taxonomy
v1[64]

NPT domains[68,
69]

PO°1: Accept self-management as treatment strategy for LBP and make the decision to self-manage
LBP with support from SELFBACK app

K AY.1a Identify positive
characteristics of self-
management and negative
characteristics of provider
dependent behaviour

KAd.1b List examples of self-
management of LBP

S¢.1 Demonstrate ability to
operate SELFBACK app

FAC.1 Recognise fearful
thoughts and negative thinking in
relation to self-management

SEe.1 Express confidence in
ability to operate SELFBACK app

MOE".1a Express positive
feelings or thoughts about
engaging in self-management of
LBP

MOE".1b Expect that self-
managing will ease living with
LBP and achieving life goals

Introduction session
explaining structure and
content of app,
automatically shown after
first login and thereafter
accessible from ‘Settings’

5.1 Information
about health
consequences

Coherence (gaining
an understanding of
the condition)

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition)

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition)

Toolbox elements:

4.1 Instruction on

Collective Action

resources and interactive how to perform (developing skills)
tools, knowledge bank, the behaviour
libraries, pain flare-up
relief 5.1 Information

about health

consequences

5.3 Information

about emotional

consequences
Visual display of goal 2.2. Feedback on | Cognitive
accomplishments behaviour Participation

(engaging with the




user to promote
uptake)

Rewards for achievements | 2.2 Feedback on | Reflexive
behaviour Monitoring
(evaluation and
10.4 Social feedback)
reward
Calendar function 7.1 Prompts/cues | Cognitive
Participation
(engaging with the
user to promote
uptake)
Statistics 2.2. Feedback on | Reflexive
behaviour Monitoring
(evaluation and
feedback)
Notifications 2.2. Feedback on | Cognitive
behaviour Participation
(engaging with the

7.1 Prompts/cues

15.1 Verbal
persuasion about
capability

user to promote
uptake)

PO“2: Make the decision to be physically active

KA¢.2 Explain positive effects of
physical activity and negative
effects of sedentary behaviour

FAC'2a Recognise fearful
thoughts and negative thinking in
relation to physical activity

FAC!.2b Recognise own fear-
avoidance behaviour in relation
to physical activity

SE£.2 Express confidence in
ability to be physically active

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)




MOE".2a Express positive
feelings or thoughts about
physical activity

MOE".2b Expect that physical
activity will ease living with LBP

Toolbox element:

4.1 Instruction on

Coherence (gaining

knowledge bank how to perform an understanding of
the behaviour the condition and
treatments)
5.1 Information
about health
consequences
5.3 Information
about emotional
consequences
Visual display of goal 1.7 Review Cognitive
accomplishments outcome goal(s) | Participation
(engaging with the

1.6 Discrepancy
between current
behaviour and
goals

user to promote
uptake)

Rewards for achievements | 10.4 Social Reflexive
reward Monitoring
(evaluation and
feedback)
Statistics 1.5 Review Reflexive
behavioural goals | Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goal
Notifications 2.2. Feedback on | Cognitive
behaviour Participation
(engaging with the
7.1 Prompts/cues | <o to promote
15.1 Verbal uptake)
persuasion about
capability
Physical activity 2.2 Feedback on | Reflexive
registration behaviour Monitoring
(evaluation and
feedback)
Monitoring of steps 7.1 Prompts/cues | Reflexive

Monitoring




2.2 Feedback on

(evaluation and

behaviour feedback)
“Motification” system 15.1 Verbal Cognitive

persuasion about | Participation

capability (engaging with the

7.1 Prompts/cues

user to promote
uptake)

PO<3: Make the decision to perfo

rm physical exercises for LBP

K A3 Identify positive effects of
physical exercises for LBP

FAC'3a Recognise fearful
thoughts and negative feelings in
relation to physical exercises for
LBP

FAC'.3b Recognise own fear-
avoidance behaviour in relation
to physical exercises for LBP

SE#.3 Express confidence in
ability to be perform physical
exercises for LBP

MOE".3a Express positive
feelings or thoughts about
physical exercises for LBP

MOE!".3b Expect that physical
exercises for LBP will ease living
with LBP

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox element:

4.1 Instruction on

Coherence (gaining

knowledge bank how to perform an understanding of
the behaviour the condition and
treatments)
5.1 Information
about health
consequences
5.3 Information
about emotional
consequences
Visual display of goal 1.7 Review Cognitive
accomplishments outcome goal(s) | Participation
(engaging with the

1.6 Discrepancy
between current
behaviour and
goal

user to promote
uptake)




Rewards for achievements | 10.4 Social Reflexive
reward Monitoring
(evaluation and
feedback)
Statistics 1.5 Review Reflexive
behavioural goals | Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goals
Notifications 7.1 Prompts/cues | Cognitive
Participation
2.2.F éedback on | (engaging with the
behaviour user to promote
15.1 Verbal uptake)
persuasion about
capability

PO°4: Make the decision to use p

ain coping strategies for LBP

K A4 Identify positive effects of
pain coping strategies for LBP

FAC'.4 State that pain coping
strategies will help to overcome
fearful thoughts and negative
thinking

SE¢£.4 Express confidence in
ability to utilise pain coping
strategies

MOE" 4a Express positive
feelings or thoughts about pain
coping strategies for LBP

MOE"4b Expect that pain coping
strategies will ease living with
LBP

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox element:
knowledge bank

4.1 Instruction on
how to perform
the behaviour

5.1 Information
about health
consequences

Coherence (gaining
an understanding of
the condition and
treatments)




5.3 Information
about emotional

consequences

Visual display of goal 1.5 Review Cognitive

accomplishments behavioural goals | Participation
(engaging with the

1.6 Discrepancy
between current
behaviour and

user to promote
uptake)

goal
Rewards for achievements | 10.4 Social Reflexive
reward Monitoring
(evaluation and
feedback)
Statistics 10.5 Social Reflexive
incentive Monitoring
(evaluation and
1.5 Review feedback)
behavioural goals
1.6 Discrepancy
between current
behaviour and
goals
Notifications 7.1 Prompts/cues | Cognitive
Participation
2.2 Fe'edback on | (engaging with the
behaviour user to promote
15.1 Verbal uptake)
persuasion about
capability

PO°S: Make the decision to use good sleep hygiene strategies

KAY.5 Describe positive effects
of good sleep hygiene

FAC"5 State that sleep will help
to cope with LBP and negative
thoughts

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)




SE&.5 Express confidence in
ability to utilise good sleep
hygiene strategies

MOE".5a Express positive
feelings or thoughts about good
sleep hygiene strategies

MOE".5b Expect that a good
sleep hygiene will ease living
with LBP

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox element:
knowledge bank

4.1 Instruction on
how to perform
the behaviour

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

POc6: Select physical activities

KAY.6a Identify different types of
physical activity and relative
advantages/disadvantages of each
type in relation to LBP

KAY.6b State personal
preferences for physical activities

SE®.6 Express confidence in
ability to select physical activities

Tailoring session

1.1 Goal setting
(behaviour)

1.8 behavioural
contract

Coherence (setting
goals that are
deemed suitable for
the individual)

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)




Toolbox elements:
knowledge bank, library of
messages and quizzes

4.1 Instruction on

how to perform
the behaviour

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

PO<7: Select physical exercises for LBP

KA¢.7a List examples of physical
exercises for LBP

KAY.7b Give examples of
modifications or increased/
decreased difficulty of exercises

KAY.7¢ State personal favourite
physical exercises for LBP

SEe.7 Express confidence in
ability to select physical
exercises for LBP

Tailoring session

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

1.8 Behavioural
contract

Coherence (setting
goals that are
deemed suitable for
the individual)

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Referral from educational
messages to relevant
toolbox elements

6.1

Demonstration of

the behaviour

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox elements:
knowledge bank, library of
physical exercises

4.1 Instruction on

how to perform
the behaviour

Coherence (gaining
an understanding of
the condition and
treatments)




5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

PO“8: Select pain coping strategies for LBP

KA¢.8a List examples of pain
coping strategies for LBP

K A4.8b Identify personal
preference according to relevance

Tailoring session

1.8 Behavioural
contract

Coherence (setting
goals that are
deemed suitable for
the individual)

SE#.8 Express confidence in
ability to select pain coping
strategies for LBP

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox elements:
knowledge bank, libraries,
resources and interactive
tools, pain flare-up relief

4.1 Instruction on

how to perform
the behaviour

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

PO“9: Perform physical activities

KAY.9a List where and when
physical activities can be
performed

Educational messages and
quizzes

5.1 Information
about health
consequences

Coherence (gaining
an understanding of
the condition and
treatments)




KAY.9b Describe duration,
intensity and frequency of
physical activities

S¢.9 Demonstrate ability to
perform physical activities

FAC"9 Acknowledge that
performing physical activities
might result in temporary
increase in LBP

SE£.9 Express confidence in
ability to perform physical
activities

MOE".9a Express positive
feelings or thoughts about
performing physical activities

MOE".9b Expect that performing

physical activities will lead to
healthier, better life

5.3 Information
about emotional
consequences

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox elements:
knowledge bank, resources
and interactive tools

4.1 Instruction on
how to perform
the behaviour

Coherence (gaining
an understanding of
the condition and

treatments)
5.1 Information
about health
consequences
5.3 Information
about emotional
consequences
Visual display of goal 1.5 Review Cognitive
accomplishments behavioural goals | Participation
(engaging with the

1.6 Discrepancy
between current
behaviour and
goal

user to promote
uptake)

Rewards for achievements | 10.4 Social Reflexive
reward Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goal
Calendar function 2.2 Feedback on | Cognitive
behaviour Participation
(engaging with the
user to promote
uptake)
Statistics 10.5 Social Reflexive
incentive Monitoring




1.5 Review (evaluation and
behavioural goals | feedback)
1.6 Discrepancy
between current
behaviour and
goals
Notifications 7.1 Prompts/cues | Cognitive
Participation
22.F éedback on | (engaging with the
behaviour user to promote
uptake)
Physical activity 2.2 Feedback on | Cognitive
registration behaviour Participation
(engaging with the
user to promote
uptake)
Monitoring of steps 1.5 Review Reflexive
behaviour goals Monitoring
) (evaluation and
1.6 Discrepancy feedback)
between current
behaviour and
goals
2.2. Feedback on
behaviour
“Motification” system 15.1 Verbal Cognitive
persuasion about | Participation
capability (engaging with the

7.1 Prompts/cues

user to promote
uptake)

PO°10: Perform physical exercises for LBP

KA¢.10a List where and when
physical exercises for LBP can be
performed

KA¢.10b Describe duration,
intensity and frequency of
physical exercises for LBP

Tailoring session

8.7 Graded tasks

Coherence (setting
goals that are
deemed suitable for
the individual)

Educational messages and
quizzes

5.1 Information
about health
consequences

Coherence (gaining
an understanding of
the condition and
treatments)




S¢.10 Demonstrate ability to
perform physical exercises for
LBP

FAC'.10 Acknowledge that
performing physical exercises
might result in temporary
increase in LBP

SE£.10 Express confidence in
ability to perform physical
exercises for LBP

MOE".10a Express positive
feelings or thoughts about
performing physical exercises for
LBP

MOE" 0.b Expect that
performing physical exercises for
LBP will lead to healthier, better
life

5.3 Information
about emotional
consequences

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox elements:
knowledge bank, library of
physical exercises,
resources and interactive
tools, pain flare-up relief

4.1 Instruction on
how to perform
the behaviour

5.1 Information
about health
consequences

5.3 Information
about emotional

Coherence (gaining
an understanding of
the condition and
treatments)

consequences
Physical exercise 6.1 Collective Action
instruction through videos, | Demonstration of | (developing skills)
text and number of sets behaviour

and repetitions

Swap function for physical

8.7 Graded tasks

Collective Action

exercises including (interactional

providing reason for workability)

wanting a swap

Visual display of goal 1.5 Review Cognitive

accomplishments behavioural goals | Participation
(engaging with the

1.6 Discrepancy
between current
behaviour and
goals

user to promote
uptake)

Rewards for achievements

10.4 Social
reward

Reflexive
Monitoring




1.6 Discrepancy

(evaluation and

between current | feedback)
behaviour and
goal
Calendar function 2.2 Feedback on | Cognitive
behaviour Participation
(engaging with the
user to promote
uptake)
Statistics 10.5 Social Reflexive
incentive Monitoring
(evaluation and
1.5 Review feedback)
behavioural goals
1.6 Discrepancy
between current
behaviour and
goals
Notifications 7.1 Prompts/cues | Cognitive
Participation
2.2. Feedback on (engaging with the

behaviour

user to promote
uptake)

PO°11: Use pain coping strategies for LBP

KAY.11 Describe how and when
to use pain coping strategies for
LBP

S¢.11 Demonstrate ability to use
pain coping strategies for LBP

FAC'.11 Acknowledge that
utilising some pain coping
strategies might result in
temporary increase in LBP

SE£.11 Express confidence in
ability to utilise pain coping
strategies for LBP

MOE".11a Express positive
feelings or thoughts about

Tailoring session

4.1 Instruction on
how to perform
the behaviour

Coherence (setting
goals that are
deemed suitable for
the individual)

Educational messages and
quizzes

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Toolbox elements:
knowledge bank, resources
and interactive tools;
libraries

4.1 Instruction on
how to perform
the behaviour

Coherence (gaining
an understanding of
the condition and
treatments)




utilising pain coping strategies
for LBP

MOE".11b Expect that utilising
pain coping strategies will ease
living with LBP

5.1 Information
about health
consequences

5.3 Information
about emotional

consequences
Visual display of goal 1.5 Review Cognitive
accomplishments behavioural goals | Participation
(engaging with the

1.6 Discrepancy
between current
behaviour and
goals

user to promote
uptake)

Rewards for achievements | 10.4 Social Reflexive
reward Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goal
Calendar function 2.2 Feedback on | Cognitive
behaviour Participation
(engaging with the
user to promote
uptake)
Statistics 10.5 Social Reflexive
incentive Monitoring
(evaluation and
1.5 Review feedback)
behavioural goals
1.6 Discrepancy
between current
behaviour and
goals
Notifications 7.1 Prompts/cues | Cognitive
Participation
2.2. Feedback on (engaging with the

behaviour

user to promote
uptake)




Physical activity 2.2 Feedback on | Cognitive
registration behaviour Participation
(engaging with the
user to promote
uptake)
Monitoring of steps 1.5 Review Reflexive
behaviour goals | Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goals
2.2. Feedback on
behaviour
“Motification” system 15.1 Verbal Cognitive
persuasion about | Participation
capability (engaging with the

7.1 Prompts/cues

user to promote
uptake)

Tailoring session

1.1 Goal setting

1.4 Action
planning

Coherence (setting
goals that are
deemed suitable for
the individual)

PO*°12: Use goal setting and pacing

KA4.12 Describe how and when
to use goal setting for LBP self-
management

S¢.12 Demonstrate ability to use
goal setting and pacing
techniques

FAC'.12 Acknowledge that goal
setting and pacing is helpful for
LBP self-management

SE%.12 Express confidence in
ability to utilise goal setting and
pacing for LBP self-management

Educational messages and
quizzes

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)

Referral from educational
messages to relevant
toolbox elements

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence (gaining
an understanding of
the condition and
treatments)




MOE".12a Express positive
feelings or thoughts about
utilising goal setting and pacing
for LBP self-management

MOE!".12b Expect that utilising
goal setting and pacing will ease
living with LBP

Toolbox elements:
knowledge bank, resources
and interactive tools

4.1 Instruction on
how to perform
the behaviour

Coherence (gaining
an understanding of
the condition and

treatments)
5.1 Information
about health
consequences
5.3 Information
about emotional
consequences
Visual display of goal 1.5 Review Cognitive
accomplishments behavioural goals | Participation
(engaging with the

1.6 Discrepancy
between current
behaviour and
goals

user to promote
uptake)

Rewards for achievements | 10.4 Social Reflexive
reward Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goal
Calendar function 2.2 Feedback on | Cognitive
behaviour Participation
(engaging with the
user to promote
uptake)
Statistics 10.5 Social Reflexive
incentive Monitoring
(evaluation and
1.5 Review feedback)
behavioural goals
1.6 Discrepancy
between current
behaviour and
goals
Notifications 7.1 Prompts/cues | Cognitive
Participation
2.2. Feedback on (engaging with the

behaviour




user to promote
uptake)

7.1 Prompts/cues

Physical activity 2.2 Feedback on | Cognitive
registration behaviour Participation
(engaging with the
user to promote
uptake)
Monitoring of steps 1.5 Review Reflexive
behavioural goals | Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goal
2.2. Feedback on
behaviour
“Motification” system 15.1 Verbal Cognitive
persuasion about | Participation
capability (engaging with the

user to promote
uptake)

Educational messages and | 5.1 Information Coherence
quizzes about health (developing
consequences understanding)
5.3 Information
about emotional
consequences
PO“13: Use good sleep hygiene strategies
KA¢.13a List examples of good Referral from educational | 5.1 Information Coherence
sleep hygiene messages to bedtime about health (developing
reminder tool and sleep consequences understanding)

KA¢.13b State personal strategy
for good sleep hygiene

hygiene tips

5.3 Information
about emotional
consequences




S¢.13 Demonstrate ability to use
sleep hygiene strategies

SE®.13 Express confidence in
ability to utilise good sleep
hygiene strategies

MOE".13a Express positive
feelings or thoughts about
utilising good sleep hygiene
strategies

MOE".13b Expect that having a
good sleep hygiene will ease
living with LBP

Toolbox elements: pain
relief flare-up, resources
and interactive tools,
knowledge bank

4.1 Instruction on
how to perform
the behaviour

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences

Coherence
(developing
understanding)

Tailoring session

4.1 Instruction on
how to perform
the behaviour

11.2 Resolve
negative
emotions

Coherence (setting
goals that are
deemed suitable for
the individual)

PO°14: Integrate self-management strategies for LBP into daily life

KAY.14 List ways to integrate
self-management of LBP into
daily routines

S¢.14 Demonstrate ability to
schedule self-management into
daily routines

FAC".14a Recognise fearful and
negative thoughts and feelings in
relation to integrating self-
management into daily routines

FAC'.14b Recognise own fear-
avoidance behaviour in relation
integrating self-management into
daily routines

SE®.14 Express confidence in
ability to integrate self-
management of LBP into daily
routines

MOE".14a Express positive
feelings or thoughts about

Educational messages and | 5.1 Information Coherence
quizzes about health (understanding)

consequences

5.3 Information

about emotional

consequences
Referral from educational | 5.1 Information Coherence
messages to relevant about health (understanding)
toolbox elements consequences

5.3 Information

about emotional

consequences
Toolbox elements: 4.1 Instruction on | Coherence
resources and interactive how to perform (understanding)

tools, knowledge bank,
libraries, pain flare-up
relief

the behaviour

5.1 Information
about health
consequences

5.3 Information
about emotional
consequences




integrating self-management into
daily routines

MOE".14b Expect that
integration of LBP self-
management will lead to
healthier, better life

Visual display of goal
accomplishments

1.5 Review
behavioural goals

1.6 Discrepancy
between current
behaviour and

Cognitive
Participation
(engaging with the
user to promote
uptake)

goals
Rewards for achievements | 10.4 Social Reflexive
reward Monitoring
(evaluation and
1.6 Discrepancy | feedback)
between current
behaviour and
goal
Calendar function 2.2 Feedback on | Cognitive
behaviour Participation
(engaging with the
user to promote
uptake)
Statistics 10.5 Social Reflexive
incentive Monitoring
(evaluation and
1.5 Review feedback)
behavioural goals
1.6 Discrepancy
between current
behaviour and
goals
Notifications 7.1 Prompts/cues | Cognitive
Participation
2.2. Fc?edback on | (engaging with the
behaviour user to promote
uptake)
Physical activity 2.2 Feedback on | Cognitive
registration behaviour Participation
(engaging with the
user to promote
uptake)
Monitoring of steps 1.5 Review Reflexive
behavioural goals | Monitoring




1.6 Discrepancy

(evaluation and

7.1 Prompts/cues

between current | feedback)
behaviour and
goal
2.2. Feedback on
behaviour

“Motification” system 15.1 Verbal Cognitive
persuasion about | Participation
capability (engaging with the

user to promote
uptake)

2BCT: behavior change technique

®NPT: Normalization Process Theory

°PO: performance objective

4K A: knowledge and awareness

°S: skills

'FAC: fear avoidance and catastrophizing
¢SE: self-efficacy

"MOE: motivation and outcome expectations
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