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Background: People with spinal cord injuries (SCI) are physically inactive. Smartphone applications 
(or apps) may prove as one strategy to overcome this. This study examines the theoretical underpinning 
of a novel mHealth intervention that aims to improve physical activity in people with SCI, namely, the 
Accessercise smartphone app, using the behaviour change wheel (BCW).
Methods: Accessercise was evaluated using the BCW in eight steps across the following three stages: 
(I) understanding the behaviour, (II) identifying intervention options, and (III) identifying content and 
implementation options.
Results: Thirteen target behaviours were identified to improve physical activity and reduce sedentary 
behaviours in adults with SCI, including goal setting and monitoring, increasing self-confidence, interest 
and motivation for undertaking physical activity, improving the knowledge/awareness of available physical 
activity opportunities and resources, and reducing stigma and negative attitudes associated with physical 
activity. Accessercise incorporates the necessary components for adults with SCI to be physically and 
psychologically capable of undertaking physical activity, offering social and physical opportunities to reduce 
sedentary behaviours, and supports automatic and reflective motivation.
Conclusions: This systematic approach of assessing the theoretical underpinning of Accessercise in the 
context of the BCW has revealed potential mechanisms of action for improving physical activity in adults 
with SCI. This serves as a blueprint to inform further intervention development, as well as high-quality 
effectiveness studies, namely, randomised controlled trials, assessing whether fitness apps can improve 
physical and psychological health outcomes in individuals with SCI.
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Introduction

It is well-documented that individuals with spinal cord 
injury (SCI), which can be caused by damage to the 
structure and function of the spinal cord resulting in sensory, 
motor, and autonomic dysfunction below the site of injury 
(1), undertake lower levels of physical activity compared to 
the general population (2). According to Martin Ginis and 
colleagues (3), individuals with SCI should undertake at 
least 20 minutes of moderate-to-vigorous aerobic activity 
alongside strength training exercises twice weekly. It has 
been estimated that only 50% of people with SCI undertake 
any form of physical activity (e.g., pushing, transferring) (4), 
which has likely reduced further due to restrictions imposed 
by the coronavirus disease 2019 (COVID-19) pandemic (5). 
Indeed, during the pandemic, individuals with SCI faced 
numerous additional barriers to accessing physical activity; 
they could not attend leisure facilities due to prolonged 
closures, as well as restricted access to health services and 
specialised professionals that provide training in appropriate 
home-based exercises (5). These COVID-19 related 
barriers add to several barriers to physical activity that have 
been consistently reported in the literature, including lack 
of sufficient transportation (6,7) and fewer opportunities 
to undertake appropriate physical activities (8). Therefore, 
interventions that simultaneously address multiple barriers 

to physical activity unique to people with SCI are urgently 
needed (9).

Reduced physical activity levels can lead to an increased 
risk of secondary health complications, including worsening 
physiological and psychosocial health among those with 
SCI (10). This can negatively impact quality of life and 
participation in activities of daily living in this population 
(11,12). Regular physical activity is one behaviour that can 
assist individuals with SCI in managing and overcoming 
challenges, such as preventing poorer health outcomes (13). 
For example, participation in regular physical activity can 
improve physical fitness (e.g., cardiovascular endurance, 
muscle strength, body composition) and cardiometabolic 
health (e.g., obesity, hypertension, diabetes) (14,15). On 
this basis, given the low rates of physical activity and the 
risks of additional health complications among people with 
SCI, it is imperative to encourage participation in and offer 
sufficient access to physical activity (16).

In a recent systematic review and meta-analysis, physical 
activity interventions for people with physical disabilities 
had a small-to-medium effect on improving physical 
activity (17). Most physical activity interventions for people 
with SCI have been delivered in person (18,19) or over 
the telephone (20). For example, Ma and colleagues (19)  
demonstrated that, using a co-created behavioural 
intervention, physical activity can be increased in people 
with SCI when delivered in-person within the home and/
or community. While in-person interventions are effective 
in increasing physical activity, COVID-19 restrictions 
resulted in mobility constraints, closure, and reductions 
in the capacities of exercise facilities (21,22), which 
presented a unique and unprecedented barrier. However, 
due to the significant access to digital technologies (e.g., 
computers, tablets, mobile phones) (23), there has been a 
proliferation of physical activity interventions that can be 
exclusively delivered remotely via mobile (or smartphone) 
technologies, which falls within the remit of mobile-enabled 
healthcare (mHealth). For instance, tele-exercise, defined as 
interventions that offer physical training and are provided 
remotely, such as weightlifting and stretching (24), are 
deemed a promising area of technology that may encourage 
sustainable physical activity participation in people with 
SCI (25,26).

mHealth interventions, such as smartphone applications 
(or apps), can support individuals to perform physical 
activities remotely in their own homes (27), reducing 
identified barriers to physical activity, including those 
resulting from the COVID-19 pandemic. For example, 

Highlight box

Key findings 
• Accessercise may be a practical intervention for adults with spinal 

cord injuries (SCI), offering users the capability, opportunity, and 
motivation to undertake physical activity and reduce sedentary 
behaviours with high behaviour change potential. 

What is known and what is new? 
• Limited studies have concentrated on mHealth interventions to 

encourage physical activity in people with SCI. Thus, this study 
adds to a growing body of literature suggesting that Accessercise 
has the potential to improve physical activity within and outside 
of the UK, reducing the burden on healthcare services and staff, 
offering an alternative mHealth intervention that could reach 
disadvantaged adults with SCI. 

What is the implication, and what should change now?
• The app could be easily targeted at harder-to-reach groups if 

promoted broadly, such as in rehabilitation, community, leisure 
centres, and workplaces. Consequently, in the next phase of the 
research, the effectiveness of Accessercise to facilitate the desired 
behaviour change should be assessed, such as via a randomised 
control trial. 
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providing an intervention through an app can relieve 
transportation and built environmental barriers to access, 
which are significant for people with SCI (6). Moreover, 
the advanced processing power of smartphones makes 
them a practical approach for transmitting, tracking, and 
monitoring data on health-related outcomes (27). Given 
that smartphones are ubiquitous, it is estimated that 
there are now 3.5 billion users worldwide (28), mHealth 
interventions appear to be a favourable tool to support 
physical activity in people with SCI (29). Nevertheless, 
limited studies have concentrated on mHealth interventions 
to encourage physical activity in adults with SCI (30,31).

In addition to accessible modes of delivery, a further 
consideration in the development and evaluation of physical 
activity interventions in people with physical disabilities, 
including SCI, is that they should be underpinned by 
appropriate health behaviour change theory (17,32). 
Moreover, when designing and evaluating behaviour change 
interventions, key frameworks emphasise the significance 
of applying theory to inform intervention design (33,34). 
As a result, this approach can assist in ensuring that an 
intervention meets the needs of the end-users and is 
more likely to result in long-term behaviour change (35). 
Ensuring that complex health interventions are underpinned 
by appropriate theory is vital because behaviour change is 
notoriously challenging to initiate and requires sustained 
efforts (36,37). One reason is that behaviours are habitual, 
normative, and preventive (38). Habitual behaviours are 
often performed in stable situations or contexts (39) and are 
challenging to alter, as they are undertaken automatically 
without much thinking (40). Normative behaviours are 
based on powerful forces of traditional and social approval, 
and preventive behaviours commonly miss a salient 
immediate outcome (41). Therefore, given that behaviour 
change is extremely challenging to achieve, it is contended 
that behaviour change theories are imperative to design and 
evaluate such interventions (42,43).

Numerous theories of behaviour change exist, such as 
the health belief model (44,45), transtheoretical (stages of 
change) model (46-48), social cognitive theory (49-51), 
theory of reasoned action (52), and the theory of planned 
behaviour (TPB) (53,54). However, these theories focus 
on behavioural analysis of health-related issues and have 
been challenged for not sufficiently explaining variations in 
complex behaviour (55). In addition, these models have been 
criticised for concentrating on a relatively small number of 
constructs and neglecting more contextual and conscious 
processes (56). Additionally, it has been argued that these 

theories can only assist in predicting behaviour (57) and do 
not help to understand how behaviour change happens (58). 
More recently, the behaviour change wheel (BCW) (59,60) 
has been designed to overcome the limitations of previous 
behaviour change theories (61). The BCW is different from 
traditional theories because it considers the role of context, 
an aspect of behaviour which has been under-investigated 
in the past (62). Furthermore, the BCW has successfully 
informed interventions in numerous health contexts and has 
been reported to be advantageous in altering target health 
behaviours (63,64).

Specifically, the BCW synthesises 19 theoretical 
frameworks of behaviour change (59,60) identified in 
academic literature and arrived at by a consensus of 
behavioural theorists (65). At the core of the wheel is the 
capability, opportunity, motivation, and behaviour (COM-B) 
model (59,66), which postulates that changing behaviour is 
reliant upon three components: physical and psychological 
capability, physical and social opportunity, and reflective 
and automatic motivation (67,68). A mid ring on the BCW 
incorporates nine intervention functions (69,70), and the 
outer ring comprises seven policy options (71,72), which 
can support the delivery of the intervention functions (73). 
The BCW links influences on behaviour identified by the 
COM-B to potential intervention functions and policy 
categories (64).

On this basis, the overall aim of the current study was 
to assess the theoretical underpinning of a novel mHealth 
intervention that aims to improve physical activity in people 
with SCI, namely, the Accessercise (https://join.accessercise.
com) smartphone fitness app. Specifically, using the BCW, 
we identify the “active ingredients” of the app, focusing on 
how and why this mHealth intervention could effectively 
improve physical activity (i.e., the target behaviour) in 
people with SCI, as well as how its capacity for behaviour 
change could be enhanced further.

Methods

Study design

The study mapped a novel smartphone fitness app, 
Accessercise, to an integrative theoretical framework 
of behavioural change, namely, the BCW. A team with 
clinical and research expertise in SCI, physical activity, and 
behaviour change was employed. The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). As the study did not involve human participants due 

https://join.accessercise.com
https://join.accessercise.com
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to the nature of the research design (i.e., secondary data), 
ethical approval was not required.

Intervention being evaluated

Accessercise, founded in 2021, is a novel fitness and healthy 
living smartphone app created specifically for people with 
disabilities. Accessercise aims to get people with disabilities 
fit, strong and healthy, offering users with several primary 
functions. Furthermore, Accessercise is asynchronous, 
allowing users to perform physical activity in numerous 
settings (e.g., gym, home, park) at their own pace and 
at a convenient time. First, the Accessercise application 
features a video library tailored to participants’ needs and 
impairments to help illustrate suitable exercises that are 
demonstrated by a role model with the same impairment 
(Figure 1A). Second, the app offers a track progress function 
where users can log workouts, track progress, and meet or 
exceed their goals (Figure 1B,1C, respectively). Third, an 
explore section exists where users can search a directory of 
fitness facilities ranked for accessibility (Figure 1D). Fourth, 
a social hub where users can connect with others, share 
their progress with followers and groups and be part of a 
diverse, supportive, and passionate community (Figure 1E). 
The overarching focus of this app is to offer educational 
knowledge, tracking abilities and behavioural prompts to 
increase physical activity among its users (namely, people 
with physical disabilities). The app was founded by Britain’s 
world champion Para-Powerlifter, Ali Jawad, multiple world 
champion sailor, Sam Brearey, and Financial Times top 
ranked European lawyer and AEQUO founding partner, 
Yulia Kyrpa.

Evaluation of behaviour change

To systematically evaluate the mechanisms of action (or 
active ingredients) of the Accessercise app that enable the 
target behaviour change (i.e., improved physical activity), 
the BCW was chosen as the underpinning theoretical 
approach.

When developing and evaluating health behaviour 
change interventions using the BCW, Michie and 
colleagues (60) recommend that three stages, divided into 
eight steps, are adhered to (Figure 2). The first stage (steps 
1-4) involves understanding the behaviour to be influenced 
and incorporates the COM-B model (74,75). The second 
stage (steps 5 and 6) identifies the intervention options 
(76,77), and the third stage (steps 7 and 8) identifies the 

content and implementation options (75,78). All stages and 
steps are summarised in-depth within corresponding sub-
sections of the Results. For each step, the research team 
met to discuss their individual findings before reaching a 
group consensus.

Results

Stage 1: understanding the behaviour

This first stage involved understanding the problem 
to address in behavioural terms, specifically, “what the 
behaviour is”, “who is performing the behaviour”, and “what 
behaviours are required for behaviour change” These were 
all identified through the four-step process outlined below.

Step 1: define the problem in behavioural terms
To identify problems associated with physical activity in 
adults with SCI, a prospectively registered systematic review 
assessed the effectiveness of behaviour change interventions 
in this context (32). In addition, the literature regarding the 
barriers and facilitators to physical activity in this population 
was also reviewed (79,80). This information was used to 
define the problem as: how to improve physical activity in 
adults with SCI to meet recommended guidelines (at least  
20 minutes of moderate to vigorous intensity-aerobic activity 
alongside strength training exercises twice per week) leading 
to reduced sedentary behaviours (Table S1).

It was identified that adults with SCI experienced 
problems with physical activity in a range of contexts, 
including at home, at the gym or outside. Thus, the 
location (or context) of the problem was defined. While 
healthcare professionals can guide behaviour change, it is 
the individual with SCI that needs to be actively involved in 
performing the behaviours required to meet recommended 
physical activity guidelines.

Step 2: select the target behaviour
The research team generated a list of 13 candidate 
behaviours relevant to the problem identified in step 1 that 
could bring about the desired outcome (i.e., improving 
physical activity to meet recommended guidelines, resulting 
in reduced sedentary behaviours) (Table S2). These 
behaviours were derived from literature outlining the 
barriers and facilitators to physical activity experienced by 
adults with SCI (Figure 3). These included lack of time (81), 
limited transportation, negative attitudes (6), motivation (82),  
and lack of accessibility to the affected population and 

https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
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Figure 1 Example screenshots from the Accessercise app showing: (A) exercise video library, (B) workout log overview, (C) workout log 
progress tracker, (D) map of local facilities ranked by users according to accessibility, and (E) social hub feature.

trained professionals (83). The target behaviours were then 
prioritised by considering the following factors: (I) potential 
impact of changing the behaviour; (II) likelihood of shifting 
behaviours; (III) spillover or impact of change on other 
behaviours; and (IV) ease of measuring or monitoring the 
behaviour (Table S3). For each of these factors, the research 
team rated each as very promising, promising, unpromising 
but worth considering, or unacceptable as a behaviour to be 

targeted.
Several candidate behaviours were identified as promising 

or very promising across all four factors, including goal 
setting, increased self-confidence, changing beliefs about 
capabilities, increasing understanding of the amount or 
type of physical activity needed to achieve health benefits, 
improving the knowledge or awareness of physical activity 
opportunities or resources available, providing community 

A B C

D E

https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
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Figure 2 The behaviour change wheel intervention design process, as adapted from (60). BCTs, behaviour change techniques.

Stage 1: understanding 
the behaviour

Stage 2: Identify intervention 
options

Stage 3: Identify content and 
implementation options

2. Select the target behaviour

3. Specify the target behaviour

4. ldentify what needs to change

5. Intervention functions

6. Policy categories

7. BCTs

8. Mode of delivery

1. Define the problem in 
behavioural terms

Identify: Identify:

support networks, planning strategies to overcome adverse 
effects, and overcoming negative past experiences.

Step 3: specify the target behaviour
The target behaviours were further specified by detailing 
who needed to perform the behaviour, when, where, how 
often, and with whom (Table S4). Specifically, the target 
behaviours should be directed at the individual with SCI 
enabling them to undertake physical activity independently.

Step 4: identify what needs to change
The COM-B model was used to identify what needs to 
change in the individual and/or environment to accomplish 
the desired changes in behaviour. This step was centred on 
the research expertise of the research team, as well as findings 
from appropriate literature (17).

Altogether, we identified that behavioural changes are 
required across all COM-B components for the target 
behaviour to occur (Table S5).
Capability
Physical capability (e.g., physical skills, strength, or stamina) 
which, in this context, was improving physical abilities to 
undertake appropriate physical activities. Psychological 
capability (e.g., knowledge, psychological skills, strength, or 
mental stamina), which could include improving problem 
solving abilities, as well as making suitable decisions related 
to physical activity.
Opportunity
Physical opportunity (e.g., time, resources, locations, cues, 
and physical affordance), which could involve access to 
appropriate facilities, equipment, and resources to undertake 
physical activity. Social opportunity (e.g., interpersonal 
influences, social cues, and cultural norms), such as social 

support from family, friends, and the community to engage 
in physical activity.
Motivation
Automatic (e.g., emotion reactions, desires, impulses, 
drive states, and reflex responses), which could involve 
the completion of weekly or monthly diaries to monitor 
performance and set goals. Reflective (e.g., self-conscious 
intentions plans and evaluations), such as holding beliefs 
that undertaking physical activity is achievable and will 
result in positive outcomes.

Stage 2: identify intervention options

Step 5: intervention functions
Based on the findings from the COM-B analysis in step 
4, step 5 involved using the BCW to identify the most 
relevant intervention functions for each of the candidate 
behaviours (84,85). To identify which of these intervention 
functions were most appropriate, the research team used 
the affordability, practicability, effectiveness, acceptability, 
side-effects or safety, and equity (APEASE) criteria. Based 
on these criteria and consensus among the research team, 
seven of the nine intervention functions (i.e., education, 
persuasion, incentivisation, coercion, training, modelling, 
and enablement) were selected as suitable intervention 
functions to facilitate physical activity in adults with SCI 
(Table S6). The remaining intervention functions of 
restriction and environmental restructuring were considered 
impractical in the current context.

Education and training were deemed the most suitable 
intervention functions to address physical (i.e., better 
physical skills) and psychological (i.e., better knowledge 
of physical activity and its benefits) capability. For 

https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
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Figure 3 Target behaviours identified to improve physical activity participation in adults with SCI. SCI, spinal cord injury. 
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physical opportunity, training (i.e., create more time for 
the intervention and have cues or prompts as practice 
reminders) was considered the most appropriate, whereas 
for social opportunity, modelling (i.e., increase social 
support from others with SCI, as well as friends and family) 
was viewed as most suitable. For reflective motivation (i.e., 
positive beliefs), education, persuasion, incentivisation, 
coercion, modelling, and enablement were considered the 
most appropriate functions. While for automatic motivation 
(i.e., establishing a routine or habit), coercion, training, 
modelling, and enablement were chosen.

Step 6: policy categories
Seven policy categories to help support and enact 
the intervention functions were considered, namely, 
communication/marketing, guidelines, fiscal measures, 
r e g u l a t i o n ,  l e g i s l a t i o n ,  s e r v i c e  p r o v i s i o n ,  a n d 
environmental/social planning (Table S7). After applying 
the APEASE criteria and following discussions amongst 
the research team, two policy categories were deemed most 
appropriate in this context: communication/marketing (e.g., 
using verbal, electronic communication, or flyers to create 
awareness of the benefits of physical activity) and service 
provision (e.g., establishing physical activity in various 
contexts and communities).

Stage 3: identify content and implementation options

Step 7: behaviour change techniques (BCTs)
Step 7 required identifying the most appropriate BCTs 
that can best deliver the intervention functions (step 5) 
and policy categories (step 6) (see also Table 1). First, the 
most frequently used BCTs were derived from the BCT 
Taxonomy v1 (BCTTv1), in which 93 BCTs are organised 
into 16 groupings (60). Second, the most relevant BCTs 
were considered in relation to the APEASE criteria. Third, 
after discussion with the research team, a final consensus 
on the included BCTs was undertaken (Table S8). Based on 
the intervention functions selected in step 5 (i.e., education, 
persuasion, incentivisation, coercion, training, modelling, 
enablement), the appropriate BCTs identified were goal 
setting (behaviour, outcome), action planning, review 
behaviour and outcome goal(s), feedback on (outcomes 
of) behaviour, self-monitoring of (outcomes of) behaviour, 
social support (unspecified, practical), instruction on how 
to perform the behaviour, demonstration of the behaviour, 
behavioural practice rehearsal, generalisation of a target 
behaviour, graded tasks, credible source, material incentive 

and reward (behavioural), social reward, and body changes.
The Accessercise app included BCTs associated with 

education by offering feedback on behaviour, training through 
instructional videos, and modelling by demonstrating the 
behaviour. To build on these functions, the Accessercise app 
developers could include progressive (or graded) videos of the 
behaviour, incorporating differentiation from easy to more 
complex exercises so that users can be challenged throughout 
their workouts if needed, which may result in longer-term 
adherence. Additionally, as some users may be inexperienced 
with physical activity, online consultation and live chat services 
may help educate some users with the plethora of queries 
regarding different exercises and workout plans. Regarding 
persuasion, incentivisation, coercion and enablement, 
Accessercise aims to develop the ability to problem solve and 
make decisions related to physical activity. These functions 
are encouraged by regular goal setting (i.e., SMART targets), 
self-monitoring strategies, and offering weekly and monthly 
diaries to monitor the progression of physical activity. The app 
developers could develop these functions further by pairing 
them with, for example, tracking monitors to view heart rate, 
time spent exercising, and distance covered to help users 
monitor their performance over time.

Step 8: mode of delivery
In this eighth and final step, the most applicable mode(s) 
of delivery for the chosen BCTs are identified using the 
APEASE criteria (Table S9).

Most delivery modes were not suitable on the grounds 
of high costs for development and service provision (i.e., 
affordability). The mode of delivery that was viewed as 
most suitable was digital media (e.g., Internet or mobile 
phone app) since this mode would be low cost, allow 
for the identified BCTs to be effectively delivered (i.e., 
practicability), and would be both acceptable to and reach 
the intended recipients (i.e., equity) of the intervention.

Behaviour change potential

The app behaviour change scale (ABACUS) (86) was used 
to review the behaviour change potential of the Accessercise 
app. The ABACUS comprises 21 items that examine 
potential behaviour change in relation to knowledge and 
information (five items), goals and planning (three items), 
feedback and monitoring (seven items), and actions (six 
items) (87). A total score out of 21 is calculated by summing 
each item score, with a higher score indicative of greater 
confidence in behaviour change potential. Accessercise was 

https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
https://cdn.amegroups.cn/static/public/mHealth-22-52-Supplementary.pdf
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independently reviewed and scored by JAH and DWM, 
with any disagreements discussed amongst all authors.

Overall, Accessercise includes 16 of the 21 items on 
the scale, indicating a high number of BCTs embedded in 
the app and suggesting ‘strong confidence’ in behaviour 
change potential. See Table 2 for examples of app features 
linked to each item on the scale. To potentially improve 
behaviour change potential, the app could incorporate 
the following “missing” items: (I) including information 
on the consequences of continuing and/or discontinuing 
behaviour, (II) providing users reminders and prompts, 
encouraging positive habit formation, (III) allowing 
opportunities to export data onto social media channels and 
asking users about their willingness to change behaviour, 
(IV) incorporating graded tasks, and (V) notifying users via 
a text message on a selected day/time that they are likely to 
exercise.

Discussion

The aim of the current study was to assess the behaviour 
change potential of a novel smartphone fitness app, 
Accessercise. Overall, our analysis suggests that an 
mHealth intervention may be a practical approach for 
adults with SCI, offering users the capability, opportunity, 
and motivation to undertake physical activity and reduce 
sedentary behaviours. Furthermore, Accessercise targets 
all functions of the COM-B model, including goal setting/
action planning (capability), self-monitoring/feedback 
(opportunity) and reviewing goals (motivation). As a result, 
Accessercise has high behaviour change potential. This is 
further highlighted by our assessment using the ABACUS, 
devised-by McKay and colleagues (86). Critically, 
Lawrason and colleagues (31) stress that behaviour change 
interventions need to target one or more of these core 
components (i.e., capability, opportunity, motivation) to 
change behaviour.

The findings of the current study are promising, given 
that Accessercise was not initially developed using an 
underpinning theory. This is perhaps unsurprising, given 
that very few physical activity mHealth interventions 
are theory based (88), making it difficult to determine 
the specific intervention components that may be most 
effective in changing behaviour. Nevertheless, the method 
of “retrofitting” Accessercise to the BCW framework is 
appropriate, as it can help to identify the functions (or 
BCTs) that have been included in the app that can facilitate 
physical activity behaviour change. Therefore, the current 

study could be used by other researchers and/or app 
developers seeking to employ similar methods in the design 
and evaluation of future mHealth interventions, including 
those that aim to improve physical activity in adults  
with SCI.

Accessercise includes relevant BCTs that could help 
change behaviours, helping users with SCI to meet 
recommended physical activity guidelines and to overcome 
barriers [e.g., increased costs to participate, limited time/
transportation (6,7,89)]. However, there is also a need to 
ensure that the app can reach disadvantaged groups and 
communities, including those with disabilities. Due to 
Accessercise being a novel mHealth app, many users may 
miss the chance to be signposted or even recognise what 
Accessercise can offer. For example, people with SCI may 
find using a smartphone challenging to use if they lack 
sufficient digital competence and/or access to a smartphone 
or the internet (90). Indeed, in the UK, 45% of people with 
disabilities regularly use a smartphone compared to 75% of 
people without disabilities (91). People with disabilities in 
the UK are also less likely than those without a disability to 
own computers, including a PC, laptop, and tablet (64% vs. 
85%, respectively) (91). Future researchers could identify 
strategies to improve access to mHealth technologies. One 
way is by reducing social exclusion, marginalisation, and 
disability stigma through mainstreaming disability (92). 
When using mHealth and other assistive technologies, 
society often stigmatises users,  making them feel 
vulnerable, self-conscious, and embarrassed. Knowledge 
about such issues could even support designers, developers, 
and people with disabilities, including those with SCI, 
in designing effective interventions with low product 
abandonment.

Limitations

We acknowledge several limitations concerning the 
current research. First, the development, evaluation, and 
implementation of mHealth apps can be time-consuming. 
As a result, technology and target group interests can 
quickly change and become outdated. In addition, the 
functionality, and features of Accessercise continue to 
expand, making it difficult to decide when best to evaluate 
the app’s behaviour change potential, as this may change 
over time. Second, even though the BCW can assist 
with designing interventions, it lacks a formal guide in 
translating BCTs. Consequently, translating BCTs into app 
features relies heavily on the expertise and creativity of the 
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Table 2 Behaviour change potential of Accessercise using the app behaviour change scale with a total score of 21 (86)

Scales: item number and question Definition
Included 
in app?

Example from Accessercise app

Knowledge and information

Does the app have the ability to 
customise and personalise some 
features? 

Elements of the app can be personalised 
through specific tools or functions that are 
specific to the individual using the app

Yes Users select their impairment type 
and can create a workout plan based 
on their impairment and exercise 
needs

Was the app created with expertise 
and/or does the app provide 
information that is consistent with 
national guidelines?

This would be found in the about section or 
generally in the app

Yes Two sporting world champions 
founded Accessercise; an advisory 
group with physical disabilities 
helped throughout the development 
phase

Does the app ask for baseline 
information? 

This includes BMI, weight, smoking rate, 
exercise, or drinking behaviours 

Yes When signing up for Accessercise, 
users are asked about their 
impairment, current exercise habits 
and whether they require assistance

Does the app provide instruction on 
how to perform the behaviour 

This app is clear in telling the person how to 
perform a behaviour or preparatory behaviours, 
either verbally, through video, or in written form

Yes Videos and written instructions are 
provided to lead users through each 
exercise

Does the app provide information 
about the consequences of 
continuing and/or discontinuing 
behaviour?

The app gives the user information about the 
consequences of behaviours in general, this 
includes information about the relationship 
between the behaviour and its possible or 
likely consequences in the general case. This 
information can be general or personalised

No N/A

Goals and planning 

Does the app ask for willingness for 
behaviour change?

Is there a feature during setup where you describe 
how ready you are for behaviour change? 

No N/A 

Does the app allow for the setting of 
goals? 

The person is encouraged to make a behavioural 
resolution. The person is encouraged to set a 
general goal that can be achieved by behavioural 
means

Yes Users can set their own goals when 
designing their workouts

Does the app have the ability to 
review goals, update and change 
when necessary? 

Involves a review or analysis of the extent 
to which previously set behavioural goals 
(regardless of short or long) were achieved

Yes Users can revise or adjust their goals 
by editing the selected workout on 
the app

Feedback and monitoring 

Does the app give the user 
the ability to quickly and easily 
understand the difference between 
current action and future goals? 

Allows user to see how they are tracking against 
a goal and to see the difference between what 
they want to do and what they are currently 
doing

Yes There is a calendar function where 
users can see what their goal is and 
update as necessary

Does the app have the ability to 
allow the user to easily self-monitor 
behaviour?

The app allows for a regular monitoring of the 
activity

Yes Users can set their own goals (i.e., 
build muscle, get toned) when 
designing their workouts

Does the app have the ability 
to share behaviours with others 
(including social media or forums) 
and/or allow for social comparison?

The app allows the person to share his or 
her behaviours on social media or in forums. 
This could also include a buddy system or 
leaderboard

Yes Users can share their progress with 
other users on the social hub by 
commenting on their workout and 
adding an emoji based on their mood

Table 2 (continued)
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research team and/or app developers. Third, coding the 
BCTs from the app and completing the specified worksheets 
was time-consuming and labour-intensive. The time-and-
resource-intensive nature of the BCW procedure could 
make it unfeasible for specific problems, organisations, and/
or circumstances.

Conclusions

The current study reveals the value of using the BCW 

to systematically identify the potential mechanisms of 
action for improving physical activity levels in adults with 
SCI, as well as the potential of a novel smartphone fitness 
app, Accessercise, to change behaviour. Consequently, 
the effectiveness of Accessercise to facilitate the desired 
behaviour change should be assessed, such as via a 
randomised control trial. Such high-quality evidence 
would provide the foundation that could guide decisions 
concerning how to improve physical activity, as well as 
health more generally, in adults with SCI.

Table 2 (continued)

Scales: item number and question Definition
Included 
in app?

Example from Accessercise app

Does the app have the ability to give 
the user feedback—either from a 
person or automatically? 

The app is able to provide the person with 
feedback, comments, or data about their own 
recorded behaviour. This might be automatic or 
could be personal

Yes Users can review feedback after 
each workout, which can be viewed 
on the calendar

Does the app have the ability to 
export data from app? 

The app allows for the export of information and 
progress to an external user

No N/A

Does the app provide a material or 
social reward or incentive? 

App provides rewards for attempts at achieving 
a behavioural goal

Yes The app allows users to purchase 
discounted sportswear and 
accessories from the online store

Does the app provide general 
encouragement? 

The app provides general encouragement and 
positive reinforcement on actions leading to the 
goal

Yes Users are praised with positive 
feedback such as ‘good job!’ on 
completion of workouts

Actions 

Does the app have reminders and/or 
prompts or cues for activity? 

The app prompts the user to engage in 
the activity. The app has the ability to give 
notifications or reminders to cue the behaviour

No N/A

Does the app encourage positive 
habit formation? 

The app prompts explicit rehearsal and repetition 
of the behaviour—not just tracking or logging

No N/A

Does the app allow or encourage for 
practice or rehearsal, in addition to 
daily activities?

App does not have a lock on activities or a 
number that you cannot exceed daily

Yes Users can undertake as many 
exercises/workouts as they deem 
necessary daily

Does the app provide opportunity to 
plan for barriers? 

The app encourages the person to think 
about potential barriers and identify ways of 
overcoming them

Yes Users can check the accessibility 
of local gyms using the ‘explore’ 
function

Does the app assist with or suggest 
restructuring the physical or social 
environment?

The app prompts the person to alter the 
environment in ways that it is more supportive of 
the target behaviour

Yes The app encourages the personal 
to alter the environment through 
various environmental barriers (cost, 
transport, time) 

Does the app assist with distraction 
or avoidance?

The app gives suggestions and advice on how 
the person can avoid situations or distract 
themselves when trying to reach their goal

Yes Users are provided with the forum 
(social) function where they can 
communicate with other users

Total score (out of 21): 16. BMI, body mass index; N/A, not applicable. 
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Table S1 Define the spinal cord injury in behavioural terms

Question Definition 

What is the maladaptive behaviour? Physical activity avoidance due to experiencing a SCI 

What is the desired behaviour? Improving physical activity to meet SCI recommended guidelines and reducing time spent 
being sedentary 

Where does the behaviour occur? Any context (e.g., home- or gym-based) 

Who is involved in performing the behaviour? Individuals experiencing SCI 

SCI, spinal cord injury.

Table S2 Candidate behaviours related to the problem behaviour identified in step 1

Intervention aim

Improve physical activity for adults with SCI to meet recommended guidelines

Intervention designer response 

Goal setting and monitor progress over time 

Enhanced problem-solving abilities for relapse prevention

Increased self-confidence, interest and motivation to undertake a lifestyle change and to participate in physical activity

Changing beliefs about capabilities regarding what physical activities are suitable for individuals with SCI 

Increasing understanding of the amount and type of activity needed to achieve health benefits

Reducing the stigma and negative attitudes associated with undertaking physical activity

Improving the knowledge/awareness of the physical activity opportunities and resources (both local and far-reaching) available 

Enhancing the knowledge of people delivering physical activity (e.g., coaches, personal trainers, etc.) with regards to how sessions can 
be adapted to meet the needs of people with SCI 

Improved access to disability-related experts and accessible rehabilitation infrastructures

Provide community support networks (i.e., family, friends, caregivers)

Planning strategies to overcome any adverse effects (e.g., pain/fatigue) as a result of participating in physical activity 

Improving the accessibility to and affordability of facilities/equipment and resources 

Overcoming negative past experiences of physical activity through positive reinforcement/reflection opportunities

SCI, spinal cord injury.

Supplementary
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Table S3 Criteria for prioritising the identified candidate behaviours

Potential target behaviours
Impact of 
behaviour 
changea

Likelihood of 
changing behavioura

Spillover scorea (i.e., impact 
on other behaviours, such as 

stress or anxiety)

Measurement scorea (i.e., 
monitoring)

Goal setting and monitor progress over 
time through weekly diary keeping 

Promising Promising Very promising Promising

Enhanced problem-solving abilities for 
relapse prevention

Promising Promising Very promising Unpromising but worth 
considering

Increased self-confidence, interest and 
motivation to undertake a lifestyle change 
and to participate in physical activity

Promising Promising Very promising Promising

Changing beliefs about capabilities 
regarding what physical activities are 
suitable for individuals with SCI 

Promising Promising Very promising Promising

Increasing understanding of the amount 
and type of activity needed to achieve 
health benefits

Promising Promising Very promising Promising

Reducing the stigma and negative attitudes 
associated with undertaking physical 
activity

Promising Unpromising but 
worth considering

Very promising Unpromising but worth 
considering

Improving the knowledge/awareness of 
the physical activity opportunities and 
resources available (both local and far-
reaching) available

Promising Promising Very promising Promising

Enhancing the knowledge of people 
delivering physical activity (e.g., coaches, 
personal trainers, etc.) with regards to how 
sessions can be adapted to meet the needs 
of people with SCI 

Promising Promising Very promising Promising

Improved access to disability-related 
experts and accessible rehabilitation 
infrastructures

Promising Promising Very promising Unpromising but worth 
considering

Provide community support networks (i.e., 
family, friends, caregivers)

Promising Promising Very promising Promising

Planning strategies to overcome any 
adverse effects (e.g., pain/fatigue) as a 
result of participating in physical activity 

Promising Promising Very promising Promising

Improving the accessibility to and 
affordability of facilities/equipment and 
resources 

Promising Unpromising but 
worth considering

Very promising Unpromising but worth 
considering

Overcoming negative past experiences 
of physical activity through positive 
reinforcement/reflection opportunities

Promising Promising Very promising Promising

a, rate as: unacceptable, unpromising but worth considering, promising, very promising. SCI, spinal cord injury.
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Table S4 Describe the target behaviour according to who, needs to do what, when, where, how often and with whom?

Target behaviour Improving physical activity for adults with SCI 

Who needs to perform the behaviour? Individual experiencing SCI by adhering to the intervention resources 

What do they need to do differently to 
achieve the desired change?

React adaptively to SCI by applying the strategies suggested by the intervention

When do they need to do it? On a regular basis, preferably daily at a time that suits the individuals, to achieve SCI-specific 
recommended physical activity guidelines (i.e., 20 minutes of moderate to vigorous intensity 
aerobic exercise 2 times per week) (3)

Where do they need to do it? Any given situation

How often do they need to do it? On a regular basis to achieve SCI-specific recommended physical activity guidelines (i.e.,  
20 minutes of moderate to vigorous intensity aerobic exercise 2 times per week) (Martin Ginis 
et al., 2018)

With whom do they need to do it? Individually or as part of a group alongside family/friends

SCI, spinal cord injury.
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Table S5 Behavioural analysis of what needs to change for the target behaviour to occur

COM-B 
components

Theoretical domains linking to COM-B 
component

What needs to happen for target behaviour to occur?

Physical 
capability

Physical skills—Do you know how to 
undertake physical activity? 

Have better physical ability to undertake physical activity; having the 
physical capability and skills to undertake physical activity 

Psychological 
capability

Knowledge—Do you know about how and 
where to do physical activity? 

Develop knowledge of the amount and type of activities needed for health 
benefits; better understanding of the physical activity opportunities and 
resources available; enhanced awareness of people delivering physical 
activity 

Memory, decision, and attention 
processes—Is undertaking physical activity 
something you usually do?

Ability to problem solve and make decisions related to physical activity 

Behavioural regulation—Do you have 
systems in place for monitoring whether or 
not you have carried out physical activity? 

Improve abilities of goal setting (i.e., SMART targets) and self-monitoring 
strategies; provide a weekly/monthly diary to monitor progression; increase 
confidence in ability to undertake physical activity; increase ability to deal 
with emotions related to physical activity (e.g., anxiety about capacity) 

Physical 
opportunity 

Environmental context and resources—
To what extent do physical or resource 
factors facilitate or hinder the opportunity 
to undertake physical activity? 

Have access to facilities, equipment, and resources to undertake physical 
activity; provide more sessions to undertake physical activity that are not 
too far-reaching  

Social 
opportunity

Social influences—To what extent do 
social influences facilitate or hinder the 
opportunity to undertake physical activity? 

Social support networks (i.e., family, friends, community) to encourage 
involvement with the Accessercise application and to practice the tactics; 
encouragement from health care professionals (e.g., doctors, nurses, 
physiotherapists); observe role models with SCI undertaking physical 
activity

Reflective 
motivation 

Beliefs about capabilities—How difficult 
or easy is it for you to undertake physical 
activity?

Hold beliefs that undertaking physical activity is achievable; hold beliefs 
that undertaking physical activity will reduce any negative consequences; 
being optimistic that regularly engaging in physical activity will lead to 
positive health outcomes; goal setting and monitoring to encourage and 
support progression

Optimism—How confident are you that 
undertaking physical activity will lead to 
positive health outcomes? 

Beliefs about consequences—What do 
you think will happen if undertake physical 
activity? 

Goals—How much do they want to 
undertake physical activity? 

Automatic 
motivation

Reinforcement—Are there incentives to 
regularly undertake physical activity? 

Undertake weekly/monthly diaries; receive professional support/advice 
throughout the intervention; produce well-known habits and practices for 
adaptively reacting to physical activity to alleviate negative outcomes

Behavioural 
diagnosis of the 
relevant COM-B 
components

Physical/psychological capability, physical/social opportunity and reflective/automatic motivation need to be altered for 
the target behaviour to occur



Table S6 Consideration of the candidate intervention functions using the APEASE criteria

Candidate 
intervention 
function

Definition COM-B component
Meet the APEASE 
criteria?

Education Increasing knowledge or understanding (e.g., providing 
information on strategies to undertake physical activity)

Psychological capability—provide the correct strategies of undertaking physical activity/preventing sedentary behaviours through educational 
materials (e.g., videos, booklets, leaflets); improve the knowledge and understanding of why undertaking physical activity is beneficial 

Yes

Reflective motivation—facilitate positive attitudes about undertaking physical activity; encourage to celebrate small wins and turn ‘near misses’ 
into success

Persuasion Using communication to induce positive or negative feelings or 
stimulate action (e.g., using imagery to motivate am increase in 
physical activity) 

Reflective motivation—facilitate to generate more positive feelings about undertaking physical activity; encourage to read exercise/health 
related articles to increase their self-confidence in making changes to their physical activity habits 

Yes

Incentivisation Creating an expectation of reward (e.g., emphasising the 
advantages of undertaking physical activity) 

Reflective motivation—incentivise to feel more positive about engaging in physical activity; incentivise an expectation of reward for increasing 
involvement of family, friends, community in undertaking physical activity

Yes

Coercion Creating an expectation of punishment or cost (e.g., emphasising 
that by not changing will not improve physical activity levels)

Automatic motivation—coerce to motivate users to habitually participate in physical activity, and reward users with entries in draws for prizes Yes

Reflective motivation—coerce to feel more positively about improving physical activity

Training Imparting skills (e.g., training to support an effective response to 
physical activity) 

Physical capability—train the physical skills needed to undertake physical activity through educational material (e.g., written/spoken instruction 
and demonstration videos)

Yes

Psychological capability—train sustained resistance to undesired behaviour(s); train the psychological skills needed to perform physical 
activity; train psychological strength skills needed to perform physical activity 

Physical opportunity—train to provide ques, prompts, notifications to undertake physical activity; train to reduce travelling demands physical 
activity facilities (e.g., gyms, leisure centres). 

Automatic motivation—train to boost habitual engagement in undertaking physical activity 

Restriction Using rules to reduce the opportunity to engage in the target 
behaviour (or to increase the target behaviour by reducing the 
opportunity to engage in competing behaviours (e.g., disallowing 
a non-adaptive response to physical activity)

Physical/social opportunity—restriction to remove unfavourable behaviour(s) encompassing habits that have a damaging impact (e.g., eating 
unhealthy food)

No

Environmental 
restructuring

Changing the physical or social context (e.g., offering prompts 
such as reminders or notifications to foster an effective response 
to physical activity)

Physical opportunity—restructure the physical environment to improve accessibility demands (e.g., more lifts, raised curbs); restructure the 
physical environment to provide prompts/cues/notifications to undertake physical activity; restructure the physical environment to reduce 
challenges involving pain and fatigue difficulties

No 

Social opportunity—restructure the environment to increase social support (e.g., family, friends, community); restructure the environment to 
provide suggestions on how to be active with family, friends or significant other, which can be shared via social media

Modelling Offering a role model for individuals to follow or to imitate (e.g., 
motivational videos, success stories and patient testimonials of 
how they have effectively responded to physical activity)

Social opportunity—modelling to restructure individuals’ mentality/views about undertaking physical activity Yes 

Automatic motivation—modelling undertaking physical activity to induce automatic imitation; modelling positive attitudes of other role models 
undertaking physical activity

Reflective motivation—modelling to feel confident and positive about undertaking physical activity 

Enablement Increasing means/reducing barriers to increase capability or 
opportunity (e.g., behavioural support to effectively respond to 
physical activity) 

Psychological capability—enable the knowledge on the ways of undertaking physical; enable the development of mental strength to undertake 
physical activity

Yes

Automatic motivation—enable to improve habitual engagement in undertaking physical activity 

Reflective motivation—enable to feel more positively about undertaking physical activity 
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Table S7 Policy categories that might support the identified intervention functions

Intervention 
function

COM-B component Potential policy categories 
Does the policy meet the APEASE criteria in the 
context of facilitating an adaptive response to 
physical activity?

Education Psychological capability, reflective 
motivation 

Communication/marketing Yes 

Guidelines Not practical in this context 

Regulation Not practical in this context 

Legislation Not practical in this context 

Service provision Yes

Persuasion Reflective motivation Communication/marketing Yes 

Guidelines Not practical in this context 

Regulation Not practical in this context

Legislation Not practical in this context

Service provision Yes 

Incentivisation Reflective motivation Communication/marketing Yes 

Guidelines Not practical in this context

Fiscal measures Not relevant in this context 

Regulation Not practical in this context

Legislation Not practical in this context

Service provision Yes 

Coercion Automatic motivation, reflective 
motivation 

Communication/marketing Yes 

Guidelines Not practical in this context 

Fiscal measures Not practical in this context

Regulation Not practical in this context

Legislation Not practical in this context

Service provision Yes

Training Physical capability, psychological 
capability, physical opportunity, 
automatic motivation 

Guidelines Not practical in this context 

Fiscal measures Not practical in this context 

Regulation Not practical in this context

Legislation Not practical in this context 

Service provision Yes

Modelling Social opportunity, automatic 
motivation, reflective motivation 

Communication/marketing Yes 

Service provision Yes

Enablement Psychological capability, automatic 
motivation, reflective motivation 

Guidelines Not practical in this context 

Fiscal measures Not practical in this context 

Regulation Not practical in this context 

Legislation Not practical in this context 

Environmental/social planning Not practical in this context  

Service provision Yes

Policy categories selected: communication/marketing and service provision.



Table S8 Behaviour change techniques (BCTs) identified based in intervention functions selected in step 5

Intervention 
function

COM-B component Most frequently used BCTs Does the policy meet the APEASE criteria?

Education Psychological capability, 
reflective motivation 

Feedback on behaviour Yes

Feedback on outcomes of 
behaviour

Yes

Self-monitoring of behaviour Yes

Self-monitoring of outcomes of 
behaviour

Yes

Persuasion Reflective motivation Feedback on behaviour Yes

Feedback on outcomes of 
behaviour

Yes

Self-monitoring of behaviour Yes

Credible source Yes, demonstrations completed by like-minded 
individuals

Incentivisation Reflective motivation Feedback on behaviour As above

Feedback on outcomes of 
behaviour

As above

Self-monitoring of behaviour As above

Self-monitoring of outcomes of 
behaviour

As above

Material incentive (behaviour) Yes, a shop feature is provided offering users 
discounts after accomplishing their goals

Material reward (behaviour) Yes, a shop feature is provided offering users 
discounts after accomplishing their goals

Social reward Yes, users are congratulated after successfully 
finishing a workout

Coercion Automatic motivation, 
reflective motivation

Feedback on behaviour As above

Feedback on outcomes of 
behaviour

As above

Self-monitoring of behaviour As above

Self-monitoring of outcomes of 
behaviour

As above

Training Physical capability, 
psychological capability, 
physical opportunity, 
automatic motivation

Feedback on behaviour As above

Feedback on outcomes of 
behaviour

As above

Self-monitoring of behaviour As above

Self-monitoring of outcomes of 
behaviour

As above

Instruction on how to perform 
the behaviour

Yes, through step-by-step instructions on how to 
perform an exercise

Demonstration of the behaviour Yes, using videos demonstrating how to perform an 
exercise

Behavioural practice rehearsal Yes, encouraged to exercise in various locations (e.g., 
home, gym, outside)

Modelling Social opportunity, automatic 
motivation, reflective 
motivation 

Demonstration of the behaviour As above

Enablement Psychological capability, 
automatic motivation, 
reflective motivation 

Goal setting (behaviour) Yes, goals set before undertaking the workouts on 
the application

Goal setting (outcome) Yes, monitored throughout the workout on the 
application

Action planning Yes, action plans prior to undertaking any workout

Review behaviour goal(s) Yes, after completing each workout on the application

Review outcome goal(s) Yes, reviewed (monitored) during and after each 
workout on the application

Feedback on behaviour As above

Self-monitoring of behaviour As above

Self-monitoring of outcomes of 
behaviour

As above

Social support (unspecified) Yes, social support encouraged through the social 
hub feature

Social support (practical) Yes, social support encouraged through the map 
of local facilities ranked by users according to 
accessibility

Generalisation of a target 
behaviour

Yes, users were encouraged to perform the exercises 
in different settings (e.g., home, gym, outside)

Graded tasks Yes, exercises can be made increasingly difficult but 
achievable

Restructuring the physical 
environment

As above

Body changes Yes, the number of repetitions and sets can be 
increased/decreased on the application

Most frequently 
used BCTs 
selected

Goal setting (behaviour), goal setting (outcome), action planning, review behaviour goal(s), review outcome goals, 
feedback on behaviour, self-monitoring of behaviour, self-monitoring of outcomes of behaviour, feedback on outcomes 
of behaviour, social support (unspecified), social support (practical), instruction on how to perform the behaviour, 
demonstration of the behaviour, behavioural practice rehearsal, generalisation of a target behaviour, graded tasks, 
credible source, material incentive (behavioural), social reward, body changes, material reward (behaviour)
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Table S9 Identification of the mode(s) through which the 
intervention could be delivered

Mode of delivery
Does the policy meet the  

APEASE criteria?

Face-to-face (in-person)

Individual No

Group No

Distance

Population-level

Broadcast media

TV No

Radio No

Outdoor media

Billboard No

Poster No

Print media

Newspaper No

Leaflet No

Digital media

Internet Yes

Mobile phone app Yes

Individual-level

Phone

Phone helpline No

Mobile phone text No

Individually accessed 
computer programme

Possible


