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Abstract: Diet behaviour is influenced by the interplay of the physical and social environment as well
as macro-level and individual factors. In this study, we focus on diet behaviour at an individual level
and describe the design of a behaviour change artefact to support diet behaviour change in persons
with type 2 diabetes. This artefact was designed using a human-centred design methodology and
the Behaviour Change Wheel framework. The designed artefact sought to support diet behaviour
change through the addition of healthy foods and the reduction or removal of unhealthy foods over
a 12-week period. These targeted behaviours were supported by the enabling behaviours of water
consumption and mindfulness practice. The artefact created was a behaviour change planner in
calendar format, that incorporated behaviour change techniques and which focused on changing
diet behaviour gradually over the 12-week period. The behaviour change planner forms part of a
behaviour change intervention which also includes a preparatory workbook exercise and one-to-one
action planning sessions and can be customised for each participant.

Keywords: diet behaviour change; type 2 diabetes; diet intervention; COM-B model; behaviour
change theory; behaviour change techniques; human-centred design

1. Introduction

Type 2 diabetes is one of the fastest-growing diseases worldwide, affecting 9% of
the world’s population in 2019 [1]. Type 2 diabetes and obesity are closely linked and a
recent study from the U.S. reporting obesity prevalence rates highlighted that nearly one in
two adults will have obesity and one in four will have severe obesity by 2030 [2]. Type 2
diabetes is largely attributed to excess body weight resulting from sedentary lifestyles and
unhealthy dietary behaviours [3].
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Diet behaviour is extremely complex and is influenced by the interplay of individual
factors, social and physical environments and macro level environments [4] in addition
to neuroendocrine and genetic influences [5]. Changing diet behaviour is challenging
and requires a sophisticated approach to understanding and implementing appropriate
techniques to support behaviour change. A recent study by our research group used a
design probe methodology to identify barriers and facilitators associated with adopting
and maintaining healthy diet and physical activity behaviours in persons with type 2
diabetes [6]. That study identified the food environment, mental health, work schedule,
planning, social support, diet cravings, economic circumstances and energy as barriers to
diet behaviour change, with planning, food environment, social support and economic
circumstances also identified as facilitators [6]. Overcoming these barriers and taking
advantage of these facilitators to changing diet behaviour can be supported through the
application of appropriate behaviour change techniques (BCTs) [7].

In addition to basing interventions on a theoretical framework and the inclusion of
relevant BCTs, a congruent approach is required to understand how best to apply these
models and techniques to specific intervention contexts and individuals in the most effective
way [8]. One way to achieve this is through a human-centred design (HCD) approach,
which places the person using the design outcome at the centre of the design process [9].
Key elements of the HCD process include (i) having an explicit understanding of users,
tasks and environments; (ii) users are involved throughout the design process; (iii) the
design is refined by and progressed through user evaluation; (iv) the design is carried out
in an iterative manner; (v) the design addresses the entire user experience and (vi) the
design is facilitated by a multi-disciplinary design team [10] (Figure 1).

Figure 1. Human-centred design process based on ISO 9241-210 Ergonomics of human–system
interaction—Part 210: Human-centred design for interactive systems. The solid lines represent
transitions that must occur and the dotted lines are transitions that may occur depending on how the
processes evolve.

Our objective was to design an artefact, using an HCD process, to support partici-
pants with type 2 diabetes to reduce their consumption of unhealthy food and increase
their consumption of healthy food. The Behaviour Change Wheel framework of Michie
et al. provided a well-established framework for the design of behaviour change interven-
tions [11] and has been applied to the design of a wide range of interventions, including
diet interventions [12,13]. The aim of this study was to design a customised “artefact” to
enhance diet behaviour in type 2 diabetes using a human-centred design methodology.
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The specific aims of this paper are to describe the rationale for and the design of an artefact
designed to support diet behaviour change in persons with type 2 diabetes.

2. Materials and Methods
2.1. User Research

In designing an artefact to support diet behaviour change in type 2 diabetes, we adopted
a human-centred design (HCD) methodology [9]. In human-centred design, the start of
the design process is user research, where we seek to better understand the needs of the
user and to better understand the context in which the proposed artefact will be used.
User research was the first step in the artefact design process and was carried out using a
design probe exercise, a focus group exercise and a generative exercise. The process adopted
is summarised in Figure 2. The second step in the artefact design process was to apply the
Behavioural Change Wheel framework using the data collected through user research to
establish the key features of the required behaviour change intervention. The third step
in the design process was to implement the design of the intervention to incorporate the
features of the behaviour change intervention. The fourth step was to design the artefact to
deliver the proposed intervention.

Figure 2. Summary of the artefact design process.
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2.1.1. Design Probe Exercise

The first user research process used was the design probe exercise [6], where a de-
sign probe was completed by eighteen type 2 diabetes (T2D) participants over 31 days.
The design and implementation of this probe was described in detail in Cradock et al. [6].

2.1.2. Focus Group Exercise

The second user research process used was a focus group exercise, carried out with
a subset of the participants who had completed the design probe exercise, centred on
a discussion on the barriers and facilitators to diet behaviour change. The focus group
sessions were carried out at NUI Galway in small groups of 3–4 participants for ~2 h,
with two members of the research team combining roles of moderator, audio recorder and
time-keeper. The focus groups began with a short period of reflection, where participants
read through their completed design probe, followed by an interactive, informal presenta-
tion and group discussion of summarised data of the identified barriers and facilitators,
relating to the adoption and maintenance of healthy diet behaviours.

2.1.3. Generative Exercise

The third user research process used was a generative exercise, which centred on the
participants’ ideas for changing diet behaviours. Conventional user research techniques,
such as interviews, observations and focus groups, uncover explicit and observable knowl-
edge about contexts [14]. According to Sleeswijk Visser et al. [14], the main limitation of
these conventional techniques for designers of future products is that they offer a view on
people’s current and past experiences, but provide little data about the future. To learn
about potential future experiences, we need to explore people’s hopes, dreams, fears,
aspirations and ideas [14]. Sanders describes how these generative techniques provide a
mechanism to reveal future states of people and can reveal tacit knowledge and expose
latent needs (Figure 3). What people experience is often determined by tacit knowledge
or latent needs and is often difficult to articulate. With generative techniques, participants
are guided in small steps to construct and express deeper levels of knowledge about their
experiences. Sleeswijk Visser et al. describe how the use of generative techniques makes
it “possible to get access to a hidden world of user experience, and thereby build a better
understanding of it, which can then be used for design purposes” (p. 5) [14].

Figure 3. Levels of knowledge achieved with different user research techniques [14].

Sanders describes experience as ephemeral, i.e., lasting only a moment [15]. Sanders
refers to experiences that have already been lived as memories and experiences not yet
lived or felt but imagined as dreams. Sanders describes experiencing as the point “where
memory and imagination meet” (Figure 4) [15] and that the present moment is “inextricably
woven into past memories” [15]. Sanders continues that “we interpret what is happening
around us with reference to our past experiences” and the present moment “is also tightly
coupled to the dreams of our imagination” [15]. Sanders postulated that during a generative
exercise, the present experience is interwoven with memories of the past and dreams of
the future and that this evoking of people’s dreams will show us how their future could
change for the better, in other words, it will reveal latent needs [15].
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Figure 4. During a generative exercise a ‘hidden world of user experience’ is briefly accessed by the
participant in ‘the moment’ where memories and imagination meet [15].

The generative session process was carried out immediately after the focus group
session for an additional ~2 h. Participants were asked to draw, write or create using
two-dimensional (2D) or three-dimensional (3D) material, some ‘thing’ that might help
them to overcome the barriers and take advantage of the facilitators relating to their diet
and physical activity behaviours. The research team worked on their own ideas alongside
participants (while not sharing those ideas during the process to avoid bias), which created a
positive co-working atmosphere. Participants then individually presented their completed
designs and explained in their own words what they had created, these presentations were
video recorded.

2.2. Behaviour Change Implementation Framework

In designing the artefact to support diet behaviour change in type 2 diabetes, we adopted
the Behaviour Change Wheel (BCW) framework for the design of the behaviour change
intervention [11]. The BCW framework (Figure 5) of Michie et al. [11] was selected as
the framework to design the behaviour change intervention. Embedded in the Behaviour
Change Wheel framework is the COM-B model, which proposes that for a behaviour to
occur, you must have the physical and psychological capability, the physical and social
opportunity and the automatic and reflective motivation to carry out that behaviour [11].
The Behaviour Change Wheel provides a step-by-step framework (Figure 6) for designing a
behaviour change intervention and this step-by-step approach was adopted in this study.

Figure 5. The behaviour change wheel framework [11].
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Figure 6. The steps in the Behaviour Change Wheel framework [11].

The first step in the Behaviour Change Wheel (BCW) framework is to understand the
behaviour. This requires that (i) the problem be defined in behavioural terms, (ii) select the
target behaviour, (iii) specify the target behaviour and (iv) identify what needs to change.

The second step in the Behaviour Change Wheel framework is to identify intervention
options and this involves identifying intervention functions and policy categories (which is
not relevant in this case). The third step in the Behaviour Change Wheel framework is to
identify content and implementation options and this involves identifying the behaviour
change techniques (BCTs) to be used and the mode of delivery of those BCTs.

2.3. Intervention Design

The intervention design was informed by the user research process and the outcomes
of the Behaviour Change Wheel framework. The BCW intervention functions and user
research identified diet barriers and facilitators which informed the actions to be taken in
the intervention to address the identified barriers and leverage the identified facilitators.

2.4. Artefact Design

The artefact design was informed by the user research process, the outcomes of the
BCW framework and the intervention design process, where the required actions were
translated into design artefact content. It was proposed at the outset of the design process
that the artefact would be paper-based either as an ultimate paper-based artefact or as a
paper prototype of a digital artefact in the form of an App.

3. Results
3.1. User Research
3.1.1. Design Probe Exercise

This process identified eight themes as barriers (food environment, mental health,
work schedule, planning, social support, cravings, economic circumstances, energy) and
four themes as facilitators (planning, food environment, social support, economic cir-
cumstances) to adopting and maintaining healthy diet behaviours in persons with type 2
diabetes. The process of identifying themes used the thematic analysis process of Braun
and Clarke [16] and is described in detail in Cradock et al. [6]. The diet related themes
identified in the design probe exercise provided the foundation upon which to build the
diet behaviour change intervention. The design probe exercise also served to develop the
research team’s empathy towards persons with type 2 diabetes, (Figure 7) as reading the
daily content from the participants gave the team real insights into the lived experiences of
the participants.
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Figure 7. Summary of outcomes of the user research processes. The + denotes which barrier and
facilitator themes were further reinforced in the focus group exercises. The ++ denotes which barrier
and facilitator themes were again further reinforced in the generative exercises.

3.1.2. Focus Group Exercise

The focus group exercise helped to reinforce some of the themes from the design probe
exercise as barriers (food environment, mental health, work schedule, planning, social
support, cravings) and facilitators (planning, food environment, social support). The focus
group exercise also served to further develop the research team’s empathy towards persons
with type 2 diabetes (Figure 7) as meeting the individuals in person and hearing from them
in person, the background to their identified barriers and facilitators, provided the team
with greater insight into their lived experiences.
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3.1.3. Generative Exercise

The research team found this to be a particularly powerful exercise in that the par-
ticipants told their ‘story’ visually and then narrated that story in their own words using
their imagery to guide the narrative. The participants described their different journeys
and struggle with weight loss in the process, highlighting the emotional and psychological
complexity that is associated with type 2 diabetes and obesity. This experience assisted in
further enhancing the team’s empathy towards the intended end-users.

Figure 7 summarises the outcomes of the user research processes which were, that the
primary barriers and facilitators to diet behaviour change were:

• Planning

◦ Planning and sustaining a plan around diet
◦ Planning to cope with cravings

• Mental health

◦ Low diet self-efficacy
◦ Low self-esteem
◦ Low resilience
◦ Difficulty coping with emotions that might trigger unhealthy eating

• Social support

◦ Influence of family and friends on diet behaviour

During the generative sessions, there was a discussion with the participants on the
nature of the proposed design artefact. It was proposed by the research team that a physical
paper-based planner be developed with some supporting activities. This was broadly
agreed by the participants as being something that they would support as being useful in
supporting diet behaviour change.

3.2. Human-Centred Design

The human-centred design methodology was adopted throughout the development
of the proposed diet intervention, with several iterations of the intervention developed
and evaluated with the intended users of the intervention. There were frequent meetings
and interactions with the intended users throughout the design process and feedback was
sought from them throughout this period to inform the incremental development of the
intervention and the artefact.

One aspect of the HCD process was the decision that the ultimate artefact would be
customisable by the user to some extent to meet the unique needs of each user to give the
user some sense of ownership of the artefact.

3.3. Behaviour Change Wheel Framework
Understand the Behaviour
Select the Target Behaviour(s)

While the overall goal in T2D is to reduce weight and achieve glycaemic control,
the focus for our intervention was diet behaviour, defined as all behaviours relating to
increased consumption of healthy food and decreased consumption of unhealthy food.

It was proposed (Figure 8) that diet behaviour change was to be achieved by:

• Adding healthy foods on an incremental basis
• Reducing or removing unhealthy foods on an incremental basis
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Figure 8. Selecting and specifying the targeted behaviours using the COM-B model.

Specify the Target Behaviours

The next step in the behavioural diagnosis involved specifying the targeted behaviours
by expressing the barriers and facilitators to perform the targeted behaviour using the
COM-B model of capability, opportunity and motivation (Figure 7).

Intervention Functions

The next step in the process involved identifying the intervention functions to be used
to overcome the barriers and facilitators (Figure 9). The intervention functions of ‘coercion’,
‘restriction’ and ‘incentivisation’ were not used as they were considered inappropriate in
this setting. The policy categories of the Behaviour Change Wheel were not used as they
were not appropriate or feasible for this application.
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Figure 9. Mapping barriers to intervention functions.

3.4. Intervention Design
3.4.1. Identifying Behaviour Change Techniques (BCTs) to Be Adopted

Having identified the different BCW intervention functions to be used for the different
barrier/facilitator themes, the action to be taken to achieve that intervention was proposed.
We described where that action would occur in the diet intervention and what BCTs support
these actions, using the numbering scheme from Michie et al.’s taxonomy [17].

Table 1 presents the actions to be taken to address the barriers/facilitators of planning
using the intervention functions evolving from the Behaviour Change Wheel framework.
Table S1 in the Supplementary Files presents the actions to be taken to address the bar-
riers/facilitators of mental health using the intervention functions evolving from the
Behaviour Change wheel framework. Table S2 in the Supplementary Files presents the ac-
tions to be taken to address the barriers/facilitators of social support using the intervention
functions evolving from the Behaviour Change wheel framework. Table 2 summarises the
combined actions for planning, mental health and social support, indicating where in the
diet intervention the actions will occur and what BCTs are represented by these actions,
using the taxonomy of Michie et al. [17].
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Table 1. Action to be taken to support the relevant intervention functions associated with the three
dimensions of the COM-B model for the barrier/facilitator theme planning.

Planning

COM-B Intervention Description of Action Taken—Direct Mode of Action

Ps
yc

ho
lo

gi
ca

l
C

ap
ab

ili
ty

Education

Teaching on barriers and facilitators to engage in the behaviours.
Teaching on action planning for behaviours.

Teaching on how to plan through example with the physical planner.
Provide feedback on the execution of the plan through the physical planner.

Teaching on the different components of self-efficacy.

Training Train the participants on planning using the physical planner as an example.
Training in self-reflection on the components of self-efficacy.

Enablement

Programme of mindfulness incorporated into the intervention to support the
execution of the behaviours by enhancing psychological capability.

Programme of water consumption to provide a means to build self-efficacy in a
non-food task.

Ph
ys

ic
al

O
pp

or
tu

ni
ty

Environmental Restructuring Placement of the planner in the home where it is regularly visible to the
participant, helps them to view their progress with the intervention.

R
efl

ec
ti

ve
M

ot
iv

at
io

n

Education

Teaching on barriers and facilitators to engage in the behaviours.
Teaching on action planning for behaviours.

Teaching on how to plan through example with the physical planner.
Provide feedback on the execution of the plan through the physical planner.

Teaching on the different components of self-efficacy.
Teaching on the social consequences of behaviour.

Persuasion

Use inspirational quotes, inspirational images and other
celebratory/congratulatory imagery and text throughout the planner to help the
participants to reinforce their intensions relating to the intervention as they work

through the planner

A
ut

om
at

ic
M

ot
iv

at
io

n

Training
Repeated use of the planner each day helping to make the behaviours habitual

and reducing the likelihood of going off-track.
Training on how to avoid going ‘off-track’ or recover if gone ‘off-track’.

Persuasion

Use inspirational quotes, inspirational images and other
celebratory/congratulatory imagery and text to help the participants experience

positive emotions about engaging in the behaviour and adhering to the
behaviours and help make the behaviours habitual.

Environmental Restructuring Placement of the planner in the home where it is regularly visible to the
participant as a prompt or a cue to engage in the behaviours.

Enablement Programme of mindfulness incorporated into the intervention to support
emotional regulation and mental resilience.

Table 2. Combined actions to be taken to support the barrier/facilitator themes of planning, mental
health and social support, where in the intervention those actions will be taken and the BCT numbers
(Table 3) that the action represents are based on Michie et al.’s taxonomy [17]. BCT ** is ‘increase
positive emotions’, which is a new BCT scheduled for inclusion in future iterations of the taxonomy.

Combined for Planning|Mental Health|Social Support

Action Taken Where BCT

Teaching on barriers and facilitators to engage in the behaviours. Preparatory Workbook 1.1, 1.2

Training on how to avoid going ‘off-track’ or recover if gone
‘off-track’. Preparatory Workbook 1.2, 4.1

Teaching on action planning for behaviours. Action Planning 1.1, 1.2, 1.4, 1.8, 1.9
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Table 2. Cont.

Combined for Planning|Mental Health|Social Support

Action Taken Where BCT

Teaching on how to plan through example with the
physical planner. Planner 2.2, 2.3, 7.1

Provide feedback on the execution of the plan through the
physical planner. Planner 2.2, 2.3, 7.1

Teaching on the different components of self-efficacy. Planner 15.1, 15.3, 16.1

Train the participants on planning using the physical planner as
an example. Planner 2.2, 2.3, 7.1

Training in self-reflection on the components of self-efficacy. Planner 15.1, 15.3, 16.1

Programme of mindfulness incorporated into the intervention. Planner
App 1.1, 1.4, 2.2, 2.3, 4.1, 8.7, 11.2

Programme of water consumption to provide a means to build
self-efficacy in a non-food task. Planner 1.1, 1.4, 2.2, 2.3, 4.1, 8.7

Placement of the planner in the home where it is regularly visible to
the participant. Planner 7.1, 12.5

Teaching on the social consequences of behaviour. Planner 5.3, 10.4, 10.5

Repeated use of the planner each day helping to make the
behaviours habitual and reducing the likelihood of going off-track. Planner 2.2, 2.3, 4.1, 7.1, 8.2, 8.3

Use inspirational quotes, inspirational images and other
celebratory/congratulatory imagery and text. Planner 7.1, 10.4, 10.5, 10.9, 13.1, **

Training using repeated exposure to positive emotions elicited
using imagery and text in the planner. Planner 2.2, 2.3, 4.1, 7.1, 8.2, 8.3

Text to prompt participants seek support of family or friends. Planner
Preparatory Workbook 3.1

Table 3. BCTs used from Michie’s v1 Taxonomy (BCT ** is ‘increase positive emotions’, which is a
new BCT scheduled for inclusion in future iterations of the taxonomy [17]).

BCT No. BCT

1.1 Goal setting (behaviour)

1.2 Problem solving

1.4 Action planning

1.8 Behavioural contract

1.9 Commitment

2.2 Feedback on behaviour

2.3 Self-monitoring of behaviour

3.1 Social support (unspecified)

4.1 Instruction on how to perform a behaviour

5.3 Information about social and environmental consequences

7.1 Prompts/cues

8.2 Behaviour substitution

8.3 Habit formation
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Table 3. Cont.

BCT No. BCT

8.7 Graded tasks

10.4 Social reward

10.5 Social incentive

10.9 Self-reward

11.2 Reduce negative emotions

12.5 Adding objects to the environment

13.1 Identification of self as role model

15.1 Verbal persuasion about capability

15.3 Focus on past success

16.3 Vicarious consequences

** Increase positive emotions

Following feedback from participants in the generative sessions, it was proposed
that the artefact would be a physical, paper-based planner. To facilitate customisation
of this planner for each intervention participant, a preparatory workbook would also be
developed for completion by each participant in the proposed intervention, prior to the
start of the intervention. Additionally, a preparatory session would take place, where brief
action planning and customisation of the planner would be carried out, with the support of
the completed preparatory workbook.

We see in Table 2 these three components to the proposed diet intervention:

(i) A preparatory workbook where participants do some preparation work prior to
engaging in the core part of the intervention.

(ii) Diet behaviour action plans developed by the participants.
(iii) A planner to support diet behaviour change.

3.4.2. Enablement Intervention Functions

It was proposed that the intervention function of ‘enablement’ which emerged from
the BCW framework and which would be used to support diet behaviour change, would
be achieved using two enablement functions (i) incorporating a programme of water
consumption into the diet intervention and (ii) incorporating daily practice of mindfulness
into the diet intervention.

The daily consumption of water was chosen as an enablement function to facilitate
the participants, in a relatively non-challenging way, to increase self-efficacy in a non-
diet behaviour. It was also postulated that water practice would act as an enablement
function to diet behaviour change as increased water intake has been reported to reduce
caloric intake [18] through appetite suppression and reduced intake of/substitution for
sugar-based drinks [19]. Additionally, there are significant health benefits associated with
increased water intake, as even mild dehydration over a prolonged period is linked to
increased risk of hypertension, stroke, coronary heart disease, constipation and urinary
tract infections [20].

Mindfulness was chosen as an enablement function as it was postulated that mind-
fulness would help participants to (i) increase their mental resilience, (ii) reduce stress,
(iii) reduce anxiety, (iv) help manage depression and (v) help manage low self-esteem
and thus indirectly support diet behaviour. Mindfulness has been defined by Kabat-Zinn
as “paying attention on purpose, in the present moment, and non-judgementally to the
unfolding of experience moment by moment” [21]. Mindfulness has been reported to
ameliorate stress [22–24], anxiety and depression [23,25,26]. A meta-analytic review of the
effects of mindfulness-based therapy (MBT) concluded that MBT improved symptoms
of anxiety and depression in multiple disorders and the authors of this study suggested
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that MBT helped people to respond to stressful situations more reflectively than reflex-
ively [25]. A systematic review of how mindfulness programmes improve mental health
and well-being, identified reduced cognitive and emotional reactivity, reduced repeated
negative thinking, increased self-compassion and psychological flexibility, as underlying
mechanisms of mindfulness-based interventions [27].

In addition to its positive effects on mental health [22–26], practising mindfulness has
been demonstrated to have a positive effect on what and how persons eat and drink [28–30]
and in the management of type 2 diabetes [31]. It has been suggested that mindfulness
plays a positive role in different types of problematic eating behaviour, such as restrained
eating, emotional eating and external eating [28].

Figure 10 shows how some elements of the architecture of the diet intervention have
the potential to work very effectively together with the presence of self-reinforcing loops.
It is postulated that (i) mindfulness practice enhances mental health, water practice and
diet behaviour; (ii) mental health enhances mindfulness practice, water practice and diet
behaviour; and diet behaviour enhances mental health.

Figure 10. Relationship between the targeted diet behaviour, the barrier/facilitator of mental health
and the enablement functions of mindfulness and water practice, showing the presence of multiple
self-reinforcing loops.

3.4.3. Structure of the Diet Intervention

The proposed overall diet behaviour change programme has a preparatory component
and a daily diet practice planning component. The preparatory component involves
teaching on barriers, facilitators and action planning exercises to prepare participants for
engaging in the daily diet practice. It was proposed by the research team to design the
diet intervention as a 12-week programme, which provided sufficient time to gradually
introduce diet behaviours on an incremental basis and would not be excessively demanding
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on the participants. Feedback from participants was that a 12-week programme would
be acceptable.

3.4.4. Adding Healthy Food Practices

To support eating more healthy food, a programme of the addition of six incremental
healthy food practices over 12 weeks was proposed. These food practices were consistent
with the dietary guidance used in routine clinical practice for patients with type 2 diabetes
in Ireland [32]. A central part of this guidance is the food pyramid with vegetables and
fruit at the bottom of the pyramid suggesting 5–7 servings of each of these per day [33].
The healthy food practice strategy proposed six categories of food (fruit, vegetables I,
grains/pulses/beans, nuts/seeds, protein, vegetables II). The vegetable and fruit choices
are based on low-GI vegetables and fruits. These categories of food were to be incrementally
added. A recent systematic review and meta-analysis highlighted that greater adherence to
plant-based diet patterns was linked to a reduced risk of type 2 diabetes and this association
was “strengthened when healthy plant-based foods such as fruits, vegetables, whole grains,
legumes and nuts, were included in the pattern” [34].

3.4.5. Eliminating or Reducing Un-Healthy Food Practices

To support eating less unhealthy foods, the participants would identify (in the prepara-
tory workbook) unhealthy food practices in their current diet and select five of these
practices, that they repeatedly engaged in on a daily basis, that they wanted to reduce
or eliminate. The diet practices targeted for reduction or removal were: (i) foods high in
sugar [35], fat [36], saturated fats [37] and salt [36]; (ii) foods low in fibre [3]; (iii) highly
processed foods [38]; (iv) high glycaemic index foods [3]; and (v) foods containing artificial
preservatives or unhealthy additives [39]. These foods have been associated with negative
health outcomes in type 2 diabetes prevention or treatment.

It was proposed that participants would reduce or remove intake of these five foods
in their diets on an incremental basis over the 12-week of the programme.

3.4.6. Customisation of the Planner

In line with the HCD approach, while the overall design of the artefact would involve
a consistent framework for all participants, it was proposed that the design artefact could be
customised to some degree to meet the unique needs of each user. This was to be achieved
in the following manner:

• Personalised action plans for diet, mindfulness and water would be developed by each
person using brief action planning [40] and incorporated into the customised artefact.

• Inspirational imagery and text would be selected by each person and incorporated
into the customised artefact.

• Healthy food practices would be selected by each person from a range provided.
• Unhealthy food removed would be selected by each person based on their diet behaviour.
• Contingency plans were developed by each person in the event of them ‘going off

track’ or tempted to ‘go off track’ or ‘have gone off track’ and written up.

The proposed artefact design addressed the identified barriers/facilitators to diet
behaviour change in the following manner:

3.4.7. Addressing Planning Challenges

Planning challenges are addressed through (i) the creation of a customised planner
which provided daily guidance on actions to be carried out in the diet intervention (Figure 1)
and (ii) customised action plans for each food and drink behaviour each week.

3.4.8. Addressing Mental Health Challenges

Mental health challenges are addressed through (i) a comprehensive programme of
mindfulness, built up gradually over the 12-week programme; (ii) building self-efficacy
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through weekly self-belief activities; and (iii) customised weekly motivational quotes
and images.

3.4.9. Addressing Social Support Challenges

Social support challenges are addressed by asking the participants to engage in a
weekly exercise of identifying themselves as positive role models for family or friends
because of the manner in which they are engaging in positive diet behaviour.

3.5. Artefact Design
3.5.1. Planner

It was proposed that the artefact would be a physical paper-based planner supported
by a preparatory workbook and a preparatory session where brief action planning and
customisation of the planner would be carried out. It was also proposed that the planner
would be designed according to the following principles:

• The planner programme evolves gradually, adding new behaviours each week.
• Have a highly visually stimulating layout that would inspire the participants to engage

with the planner and would evoke positive emotions in the users.
• Would provide the participant with immediate feedback on their weekly progress.
• Would be customised by and for the participant to provide them with a sense of own-

ership of their planner: (i) weekly inspiration photograph—chosen by the participant,
(ii) weekly inspirational quote chosen by the participant and (iii) personalised action
plans for proposed changes to behaviours created by the participants themselves with
the support of the research team.

• Designed using a human centred design methodology with the design based on
comprehensive user research and feedback from users on the design concept.

• The planner would be a physical planner, constructed in the form of a weekly calen-
dar, as a mechanism to explore the feasibility of the approach, prior to its possible
implementation in the future as a digital planner.

Food Practice

The food practice element of the planner has two components:

• Addition and maintenance of six healthy food practices.
• Reduction in or removal of five unhealthy food practices.

Adding Healthy Food Practices:
Starting in week 2, each participant was required to adopt a food practice from

one of these six categories (fruit, vegetables I, grains/pulses/beans, nuts/seeds, protein,
vegetables II). Each alternate week (2, 4, 6, 8, 10, 12) the participant added a new food
practice and maintained that food practice from that category over the remainder of the
12 weeks (See Figure S1, Supplementary Files).

Eliminating or reducing Unhealthy Food Practices:
This process aimed to identify (using the ‘Preparatory Workbook’) unhealthy food

practices in participants’ diets, and to select five of these practices, that they repeatedly
engaged in on a daily basis, that they want to reduce or eliminate.

Mindfulness

The mindfulness component of the planner used the free ‘Smiling Mind’ mindfulness
App (https://www.smilingmind.com.au/, accessed on 3 February 2022) which works
through two programmes: “An Introduction to Mindfulness” (1 week) and “Mindfulness
Foundations’ (6 weeks) followed by a maintenance mindfulness session each day (extended
meditation: 20 min) for the remaining five weeks.

https://www.smilingmind.com.au/
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Water

The water practice goals were set by the research team and gradually increased from
drinking 250 mL of water each day for the first week to 1000 mL of water each day by week
four, which then continued for the remainder of the 12 weeks.

3.5.2. Preparatory Workbook

In the ‘Preparatory Workbook’, participants were asked to complete a range of tasks
in their own time.

• Record in detail the food they consumed over the last seven days and select five of
these food practices which were unhealthy, that they engaged in at least once each day
that they would like to remove or reduce over the course of the 12-week programme.

• For the six healthy food behaviours, five unhealthy food behaviours, the mindfulness
practice and the water practice participants were asked to:

• Identify barriers to completing their tasks each day
• Outline how they were going to overcome these barriers
• Identify facilitators to completing their tasks each day
• IIdentify how they could take advantage of these facilitators
• Identify triggers for going off-track on healthy diet behaviour, coping strategies

for previous and future excursions off track

3.5.3. Detailed Diet Intervention Plan

The plan starts with water and mindfulness practice only for week 1 and these prac-
tices are added gradually over the 12 weeks of the programme (the diet intervention plan
over the 12 weeks is outlined in Figure S1, Supplementary Files). Then on week 2, the first
healthy food practice is added where a small quantity of self-selected fruit (from a pre-
scribed selection) is added to the diet with the intention that this food practice will be
maintained for the remainder of the 12 weeks of the programme. On week 3, the first
reduction/removal of a self-selected unhealthy food is made with the intention that this
food practice will be maintained for the remainder of the 12 weeks of the programme.
On week 4 the second healthy food practice is added where a small quantity of self-selected
vegetables (from a prescribed selection) is added to the diet with the intention that this
food practice will be maintained for the remainder of the 12 weeks of the programme.
On week 5, the second reduction/removal of a self-selected unhealthy food is made with
the intention that this food practice will be maintained for the remainder of the 12 weeks
of the programme. On week 6, the third healthy food practice is added where a small
quantity of self-selected grains/pulses/beans (from a prescribed selection) is added to the
diet with the intention that this food practice will be maintained for the remainder of the
12 weeks of the programme. On week 7, the third reduction/removal of a self-selected
unhealthy food is made with the intention that this food practice will be maintained for
the remainder of the 12 weeks of the programme. On week 8, the fourth healthy food
practice is added where a small quantity of self-selected nuts/seeds (from a prescribed
selection) is added to the diet with the intention that this food practice will be maintained
for the remaining weeks of the programme. On week 9, the fourth reduction/removal of
a self-selected unhealthy food is made with the intention that this food practice will be
maintained for the remainder of the 12 weeks of the programme. On week 10, the fifth
healthy food practice is added where a small quantity of self-selected meat/fish (from a
prescribed selection) is added to the diet with the intention that this food practice will be
maintained for the remainder of the 12 weeks of the programme. On week 11, the fifth and
last reduction/removal of a self-selected unhealthy food is made with the intention that
this food practice will be maintained for the remainder of the 12 weeks of the programme.
On week 10, the fifth healthy food practice is added where a small quantity of self-selected
vegetables (from a prescribed selection) is added to the diet with the intention that this
food practice will be maintained for the remainder of the 12 weeks of the programme.
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3.5.4. How the Artefact Design Supports the Diet Intervention

Each week participants are supported by the planner in changing their diet behaviours
while engaging in the enablement functions of a daily programme of drinking water
and practising mindfulness. The core philosophy of the intervention was to build diet
behaviour self-efficacy through self-monitoring, self-reflection and self-praise. A key feature
of the lifestyle planner intervention is where participants self-monitor their completion
of the planned behavioural tasks each day on their weekly monitoring page, by ticking
off tasks once they are completed and at the end of the week, taking a photo of their
completed monitoring page for that week and forwarding it to the research team (Figure 11).
Participants would be telephoned each week by the research team to monitor their progress
and to provide support.

Figure 11. Week 7 monitoring page is part of one A4 page in the planner. The text in the blue boxes is
explanatory text and not part of the planner. BCTs used refer to Michie et al. taxonomy [17].

Individualised action plans for adding healthy foods, removing unhealthy foods
mindfulness and water drinking, (developed in the brief action planning sessions) are
embedded in the customised planner and presented back to the participant in the relevant
part of the planner. The action plan for the new behaviours to be adopted each week are
displayed at the start of that week’s section in the lifestyle planner (Figure 12).
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A series of statements and associated tasks were embedded in the lifestyle planner
each week with a view to developing self-efficacy [41], with one element of self-efficacy
targeted each week in the ‘Building Self-Belief’ sections of the planner (Figure 13).

A progress bar at the end of each week illustrates the participant’s progress with the
12-week programme and thus provides feedback on progress (Figure 14).

Each week a customised inspirational quote and motivational image, selected by the
user, are displayed on the weekly feedback page (Figure 15).

The positive role of self-identity in changing behaviour was highlighted each week [17]
through the application of the BCT 13.1 ‘Identification of self as role model’ [17], in helping
participants identify themselves as a positive role model for family or friends. (Figure 16).
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Figure 13. Week 1: On weeks 1, 5 and 9, participants are asked to reflect on past success through
a self-reflection process. The text in the blue boxes is explanatory text and not part of the planner.
The BCTs used, refer to the Michie et al. taxonomy [17].

Figure 14. Week 1: The participant is given feedback/encouragement on their progress. The text in
the blue boxes is explanatory text and not part of the planner. The BCTs used, refer to the Michie et al.
taxonomy [17].
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Figure 15. Week 7 inspirational quote and inspirational image selected by the participant. The text in
the blue boxes is explanatory text and not part of the planner. BCTs used, refer to the Michie et al.
taxonomy [17]. (BCT ** is ‘increase positive emotions’, which is a new BCT scheduled for inclusion in
future iterations of the taxonomy.

Figure 16. Week 1: A different image and statement depicting the positive role of identity in changing
behaviour are shown each week. The text in the blue boxes is explanatory text and not part of the
planner. The BCTs used, refer to the Michie et al. taxonomy [17].
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The planner was developed as a self-standing A4 portrait-oriented planner and was
designed so that the weekly monitoring grid (Figure 11) and inspirational image and quote
(Figure 15) are on the same page with the inspirational image on top. During use of the
planner, the participants would be encouraged to keep the planner (placed at a location of
their choosing) open so that the feedback on weekly progress and inspirational imagery
and text are visible simultaneously regularly throughout the day.

4. Discussion

The aim of this study was to design an ‘artefact’-based intervention to support diet
behaviour change in people with type 2 diabetes. Following a human centred design
process, incorporating a design probe, focus group and generative exercises and using the
Behaviour Change Wheel framework, a diet behaviour change intervention supported by
this artefact was designed. The ‘artefact’ was a physical paper-based planner to support
diet behaviour change and the proposed intervention also incorporated a preparatory
workbook, a brief action planning session to facilitate customisation of the planner for each
intervention participant.

A human-centred design (HCD) methodology supported by a multi-disciplinary team
was used to design the artefact [9]. The HCD process was a highly immersive process for
both the participants and the research team, involving deep engagement with the intended
users and requiring considerable time commitment from both parties.

This deep engagement with the intended users yielded many benefits for the research:
(i) supported the research team in better understanding the lives and lived experiences
of the proposed ‘artefact’ end-users, (ii) facilitated the development of empathy with the
proposed end-users, (iii) helped to create a design based on a deep understanding of the
needs of the users and (iv) helped to create an ‘artefact’ customised to meet the unique
needs of each end-user.

The team’s experience with using HCD for this application was very positive and the
team would advocate this approach to other researchers designing diet interventions.

The use of HCD for enhancing chronic disease prevention was reviewed by Matheson et al.
(2015) and they reported on the positive effect of using the HCD approach in this do-
main [42]. The HCD process was used by other researchers to enhance mobile nutrition
intervention content, by tailoring the intervention content to reflect the context of use and
the needs of the full spectrum of users [43]. Another study reported on the use of a HCD
approach in a diet app design and the authors recommended its use in the development of
future diet-related apps [44].

The behaviour change framework adopted was the Behaviour Change Wheel of
Michie et al. [11], which is a well-established framework for designing behaviour change
interventions and had been previously used in the design of diet interventions [45,46].

The BCW framework facilitated a systematic approach to the design of the behaviour
change intervention that is grounded in rigorous scientific research. The team’s experience
with using the BCW framework for this application was very positive and the team would
advocate this approach to other researchers designing diet interventions.

The BCW is cited by several authors as providing a comprehensive and systematic
guide to app-based diet behaviour change intervention design, underpinned by relevant
evidence and theory [47,48]. The BCW was also successfully adopted in the design of a
diet and physical activity intervention in type 2 diabetes [49]. The alignment of the BCW
alignment to the COM-B model has also been highlighted as a strength of this approach in
intervention design, as the COM-B model encapsulates decades of research on the science
of behaviour change [47].

The diet intervention aimed to gradually change behaviours by gradually building self-
efficacy through the daily enactment of food and drink behaviours and to enhance resilience
and emotional regulation through daily mindfulness practice. The process of gradually
changing behaviours sought to build potential intervention participants’ diet behaviour
self-efficacy, as it has been shown that interventions that focus on strengthening individuals’
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beliefs in their ability to control their diet behaviours (self-efficacy) are more successful in
both losing weight and maintaining weight loss in the longer term [50]. Bandura concluded
that people “integrate diverse sources of information concerning their capability” to carry
out a choice behaviour and that they “regulate their choice behaviour and effort expenditure
accordingly” [41]. He also suggested that “efficacy expectations” around a choice behaviour
“are presumed to influence the level of performance by enhancing intensity and persistence
of effort” [41]. Self-efficacy determines if attempts will be made at changing behaviour,
in addition to the degree of effort expended when difficulties arise [51].

Developing self-efficacy is enabled in the intervention design through starting the
process of behaviour change with gradual increases in drinking water, perceived as a less
challenging behaviour [52] to begin with, in week one followed by the gradual introduction
of a new diet behaviour in week two. Starting the intervention with a less challenging
behaviour allows potential intervention participants to experience success early and to
gradually build self-efficacy, through the daily enactment of behaviours. The process of
the gradual addition of one new healthy diet behaviour on even weeks and the reduction
or removal of unhealthy behaviours on odd weeks seeks to further increase self-efficacy,
by building success slowly through the gradual adoption of new and maintenance of
existing behaviours each week.

The structure of the action plans, monitoring pages and progress bar in the planner
are designed to facilitate the daily enactment of behaviours to gradually build self-efficacy.
The building self-belief section also seeks to build self-efficacy through encouraging par-
ticipants to reflect on previous successful performances, identify role models to emulate,
engage social support and remind participants of their capabilities.

The rationale for the inclusion of mindfulness, as a supporting behaviour in the
intervention, stemmed from the identified need to enhance participant mental health to
support diet behaviour change. Multiple studies have shown that mindfulness enhances
mental health by enhancing mental resilience and emotional regulation [22–24,53,54] and
the role of mindfulness specifically in enhancing diet behaviour has been reported in
several studies [28–31].

Different durations of mindfulness-based interventions supporting diet behaviour
change have been used in other studies with 11 weeks [55], eight weeks [56] and six
weeks [57] reported compared to the 12 weeks in this study. A variety of different meth-
ods of delivering the mindfulness interventions have been used, with studies using an
app linked to YouTube mindfulness videos [57], workshop presentations and homework
tasks [30], an app incorporating audio, video and mindfulness education [55] and text,
audio and introductory videos [56]. The focus of mindfulness interventions also varied with
certain interventions using an ACT (acceptance commitment therapy) approach [30,56],
others using mindfulness education and mindfulness-based stress reduction techniques [55]
and other studies focusing on increasing awareness of satiety/hunger cues, self-observation,
sensory aspects of eating and mindful movement [57].

An important feature of the intervention design was that the planner to support diet
behaviour change is customised to meet some of the unique needs of each intended partici-
pant. The research team considered this feature of the artefact’s design to be important in
providing the intended participant with a sense of ownership of the artefact, which they
would use on a daily basis to support their diet behaviour.

Each individual’s action plan for each diet and supporting behaviour is individually
developed by that individual. The other features of the planner that are customised by each
participant are weekly motivational quotes and images.

Converting the proposed paper artefact to a smartphone app could potentially facili-
tate easier peer-support than the paper-based approach, by allowing intervention partici-
pants (subject to agreement) to communicate with one another (potentially anonymously)
and to offer support and encouragement to one another. An app-based approach would
offer additional capabilities, such as structured monitoring of compliance and health
outcomes, the opportunity to provide feedback [58], enhanced portability and would poten-
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tially facilitate more extensive customisation of the planner. The use of digital approaches
to diet behaviour change, such as the use of a digital planning and purchasing platform [59]
and digital weight management interventions, with one-to-one health coaching [12], have
resulted in sustainable weight loss in obese populations. A systematic review in 2019
concluded that “app-based mobile interventions are effective and highly promising for
changing nutrition behaviours and nutrition-related health outcomes” [13].

4.1. Implications for the Design of Wearable Devices

In this paper, we described in detail, from first principles, the steps to be carried out to
design a diet behaviour change intervention using the Behaviour Change Wheel.

Wearable devices for the management of health and wellness, inevitably require
the end-user to change some aspect of their behaviour when engaging with and using
the device [60,61]. For example, a fitness tracker requires the user to use the feedback
from the tracker to try to increase, for example, the number of steps they complete each
day. Thus, a key part of this type of intervention is that the user wears the tracker each
day, throughout the day, so that an accurate record of steps is recorded and that the
user responds appropriately to reminders and notifications. A digital health-based blood
pressure or blood glucose monitoring system requires the user to adhere to a programme
of regularly measuring their arterial blood pressure/blood glucose using the system and to
use these data in the management of their health. This may seem like an obvious point,
but wearable health devices in general, no matter how worthwhile the concept of the
wearable health device, are only of benefit to the intended user if they use the device as
intended. In other words a wearable device is only of benefit if the intended user engages
in the behaviours expected by the designer [62]. However, adherence to wearable health
devices can in fact be very poor and the issue of poor compliance to wearable health
technology is of particular concern to payers, like insurance companies, who sometimes
pay for the wearable technology on the basis of the promised health benefits these devices
should provide. However, compliance can be very poor, with the wearable technology
unused or used infrequently or its use dropping off over time with no health benefits or
reduced health benefits achieved [63]. This is a real challenge for digital healthcare [64].

So how do designers of wearable health devices go about solving this problem?
They can start to solve the problem by designing the devices in a manner that will elicit the
required behaviour change by the intended user/users, so that the device will be used as
intended by its designers. This can be achieved by following the steps we have outlined in
this paper:

• Define the problem to be addressed by the wearable device in behavioural terms
• Select the behaviours of the intended user/users of the wearable device that must

change for the device to be used as intended
• Specify the behaviours of the intended user/users of the wearable device that must

change for the device to be used as intended
• Identify what aspect of these behaviours must change using the COM-B model
• Identify the intervention functions to be used to bring about the required behaviour

change using the Behaviour Change Wheel
• Identify the behaviour change techniques (BCTs) to be incorporated into the design of

the wearable device to implement these intervention functions
• Identify the mode of delivery of the BCTs in the wearable device

We hope that this paper will provide future designers of wearable health systems with
a roadmap to implementing an end-user behaviour change strategy into the design of their
digital health system.

The next step in the research described in this paper is to evaluate the proposed diet
behaviour change intervention in a pilot study.
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4.1.1. Strengths

One of the strengths of this study was the extensive use of the HCD approach, which in-
corporated a design probe study by this research team on the same population [6]. The rigorous
application of the BCW framework and associated COM-B model to behaviour change
intervention design is another strength of this study. A large number of BCTs are systemati-
cally delivered in the design artefact which supports the proposed intervention. Another
strength was the strong multidisciplinary design team that created the intervention design,
with psychologists, clinicians, engineers, designers and biological scientists. The feature of
the artefact design, where it is customised to some degree to reflect the unique needs and
circumstances of each participant, is also a strength of the approach.

4.1.2. Limitations

One of the limitations of this study is the extensive time commitment required by
participants. The structure of the paper prototype approach may limit its use to a home or
work setting as it does not have the same portability as a smartphone app. Social support
was addressed in this planner but not to the same degree as ‘planning’ or ‘mental health’
and should be addressed more comprehensively in future iterations of the intervention,
as the importance of the involvement of family members in type 2 diabetes self-management
was highlighted in Bennich et al. [65].

5. Conclusions

A diet behaviour change intervention incorporating a preparatory workbook, one-on-one
action planning and a planner was designed by a multidisciplinary team. An HCD ap-
proach was used to help design an ‘artefact’ that met the specific needs of its end users.
The HCD approach identified barriers/facilitators of ‘planning’, ‘mental health’ and ‘social
support’ which provided a platform for the intervention design. The BCW framework
provided a behaviour change framework to create a design intervention, which was comple-
mented by the HCD approach. The design philosophy adopted, used a gradual approach
to changing diet behaviour. The aim of changing the target behaviours of adding healthy
foods and reducing/removing unhealthy foods was supported by the addition of two
enabling behaviours: mindfulness practice and water consumption. The planner-based
intervention is a novel approach and may provide the framework for a mobile app de-
signed to support diet behaviour change in persons with type 2 diabetes. The next step
would be carrying out feasibility testing of the planner-based intervention with type 2
diabetes participants.
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10.3390/s22072795/s1, Table S1: Action to be taken to support the relevant intervention functions
associated with the three dimensions of the COM-B model for the barrier/facilitator theme Mental
Health; Table S2: Action to be taken to support the relevant intervention functions associated with
the three dimensions of the COM-B model for the barrier/facilitator theme Social Support; Figure S1:
Proposed Planner Content over the 12 weeks.

Author Contributions: Conceptualization, K.A.C., G.Ó., F.M.F. and L.R.Q.; methodology, K.A.C.,
L.R.Q., F.M.F., H.L.G., K.A.M.G., E.B.-N.S. and G.Ó.; investigation, K.A.C., G.Ó., F.M.F. and L.R.Q.;
resources, G.Ó., F.M.F. and L.R.Q.; writing—original draft, review and editing, K.A.C., L.R.Q., F.M.F.,
H.L.G., K.A.M.G., E.B.-N.S. and G.Ó.; supervision G.Ó. and L.R.Q.; project administration, K.A.C.,
G.Ó. and L.R.Q.; funding acquisition G.Ó. and L.R.Q. All authors have read and agreed to the
published version of the manuscript.

Funding: The research was funded by the Irish Research Council for Science, Engineering and
Technology Project ID GOIPG/2013/873.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Galway University Hospitals Clinical Research Ethics
Committee (ref: C.A. 1809, 11 October 2017).

https://www.mdpi.com/article/10.3390/s22072795/s1
https://www.mdpi.com/article/10.3390/s22072795/s1


Sensors 2022, 22, 2795 26 of 28

Informed Consent Statement: Informed written consent was obtained from all participants involved
in the study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would particularly like to thank the study participants for being
so generous with their time. The authors would also like to thank Richard Harte and Evismar
Andrade for their assistance with pilot testing, training sessions and action planning sessions. Finally,
we would like to thank the staff at Croí, the West of Ireland Cardiac Foundation, particularly Annie
Hearn, Patricia Hall and Irene Gibson and Helena Griffin from the Bariatric Medicine Service at
Galway University Hospital Diabetes Clinic for their assistance with recruitment.

Conflicts of Interest: The authors declare no conflict of interest, except that F.M.F. is funded by a
Saolta Group Clinical Research Career Development Award and has in the past (until 2017) received
honoraria and travel grants and has served on advisory boards for Novo Nordisk, Eli Lilly, Ethicon,
Pfizer Inc., Sanofi-Aventis, Astra Zeneca, Merck-Serono, Boehringer Ingelheim, Janssen and Novartis.

References
1. International Diabetes Federation. IDF Diabetes Atlas, 9th ed.; International Diabetes Federation: Brussels, Belgium, 2019; Available

online: https://www.diabetesatlas.org (accessed on 28 March 2022).
2. Ward, Z.J.; Bleich, S.N.; Cradock, A.L.; Barrett, J.L.; Giles, C.M.; Flax, C.; Long, M.W.; Gortmaker, S.L. Projected U.S. State-Level

Prevalence of Adult Obesity and Severe Obesity. N. Engl. J. Med. 2019, 381, 2440–2450. [CrossRef] [PubMed]
3. Zheng, Y.; Ley, S.H.; Hu, F.B. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat. Rev.

Endocrinol. 2018, 14, 88–98. [CrossRef] [PubMed]
4. Story, M.; Kaphingst, K.M.; Robinson-O′Brien, R.; Glanz, K. Creating healthy food and eating environments: Policy and

environmental approaches. Annu. Rev. Public Health 2008, 29, 253–272. [CrossRef] [PubMed]
5. Lustig, R.H. The neuroendocrinology of childhood obesity. Pediatr. Clin. N. Am. 2001, 48, 909–930. [CrossRef]
6. Cradock, K.A.; Quinlan, L.R.; Finucane, F.M.; Gainforth, H.L.; Martin Ginis, K.A.; Barros, A.C.d.; Sanders, E.B.N.; ÓLaighin, G.

Identifying Barriers and Facilitators to Diet and Physical Activity Behaviour Change in Type 2 Diabetes Using a Design Probe
Methodology. J. Pers. Med. 2021, 11, 72. [CrossRef]

7. Porcheret, M.; Main, C.; Croft, P.; McKinley, R.; Hassell, A.; Dziedzic, K. Development of a behaviour change intervention: A case
study on the practical application of theory. Implement. Sci. 2014, 9, 42. [CrossRef]

8. Yardley, L.; Morrison, L.; Bradbury, K.; Muller, I. The person-based approach to intervention development: Application to digital
health-related behavior change interventions. J. Med. Internet Res. 2015, 17, e30. [CrossRef]

9. DIS, I. DIS, I. 9241-210; Ergonomics of Human System Interaction—Part 210: Human-Centred Design for Interactive Systems
(Formerly Known as 13407). International Standardization Organization (ISO): Geneva, Switzerland, 2010.

10. Norman, D.A.; Draper, S.W. User Centered System Design: New Perspectives on Human–Computer Interaction; Lawrence Erlbaum
Associates Inc.: Mahwah, NJ, USA, 1986.

11. Michie, S.; van Stralen, M.M.; West, R. The behaviour change wheel: A new method for characterising and designing behaviour
change interventions. Implement. Sci. IS 2011, 6, 42. [CrossRef]

12. Silberman, J.M.; Kaur, M.; Sletteland, J.; Venkatesan, A. Outcomes in a digital weight management intervention with one-on-one
health coaching. PLoS ONE 2020, 15, e0232221. [CrossRef]

13. Villinger, K.; Wahl, D.R.; Boeing, H.; Schupp, H.T.; Renner, B. The effectiveness of app-based mobile interventions on nutrition
behaviours and nutrition-related health outcomes: A systematic review and meta-analysis. Obes. Rev. 2019, 20, 1465–1484.
[CrossRef]

14. Visser, F.S.; Stappers, P.J.; van der Lugt, R.; Sanders, E.B.N. Contextmapping: Experiences from practice. CoDesign 2005, 1, 119–149.
[CrossRef]

15. Sanders, E.B. Virtuosos of the Experience Domain. In Proceedings of the 2001 IDSA Education Conference, Boston, MA, USA,
12–14 August 2001.

16. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
17. Michie, S.; Richardson, M.; Johnston, M.; Abraham, C.; Francis, J.; Hardeman, W.; Eccles, M.P.; Cane, J.; Wood, C.E. The behavior

change technique taxonomy (v1) of 93 hierarchically clustered techniques: Building an international consensus for the reporting
of behavior change interventions. Ann. Behav. Med. 2013, 46, 81–95. [CrossRef]

18. Armstrong, L.E. Challenges of linking chronic dehydration and fluid consumption to health outcomes. Nutr. Rev. 2012, 70, S121–S127.
[CrossRef] [PubMed]

19. Wang, Y.C.; Ludwig, D.S.; Sonneville, K.; Gortmaker, S.L. Impact of change in sweetened caloric beverage consumption on energy
intake among children and adolescents. Arch. Pediatr. Adolesc. Med. 2009, 163, 336–343. [CrossRef] [PubMed]

20. Manz, F.; Wentz, A.; Armstrong, L. The importance of good hydration for the prevention of chronic diseases. Nutr. Rev. 2005, 63, S2–S5.
[CrossRef]

https://www.diabetesatlas.org
http://doi.org/10.1056/NEJMsa1909301
http://www.ncbi.nlm.nih.gov/pubmed/31851800
http://doi.org/10.1038/nrendo.2017.151
http://www.ncbi.nlm.nih.gov/pubmed/29219149
http://doi.org/10.1146/annurev.publhealth.29.020907.090926
http://www.ncbi.nlm.nih.gov/pubmed/18031223
http://doi.org/10.1016/S0031-3955(05)70348-5
http://doi.org/10.3390/jpm11020072
http://doi.org/10.1186/1748-5908-9-42
http://doi.org/10.2196/jmir.4055
http://doi.org/10.1186/1748-5908-6-42
http://doi.org/10.1371/journal.pone.0232221
http://doi.org/10.1111/obr.12903
http://doi.org/10.1080/15710880500135987
http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.1007/s12160-013-9486-6
http://doi.org/10.1111/j.1753-4887.2012.00539.x
http://www.ncbi.nlm.nih.gov/pubmed/23121346
http://doi.org/10.1001/archpediatrics.2009.23
http://www.ncbi.nlm.nih.gov/pubmed/19349562
http://doi.org/10.1111/j.1753-4887.2005.tb00150.x


Sensors 2022, 22, 2795 27 of 28

21. Kabat-Zinn, J. Mindfulness-based interventions in context: Past, present, and future. Clin. Psychol. Sci. Pract. 2003, 10, 144–156.
[CrossRef]

22. Brown, K.W.; Ryan, R.M. The Benefits of Being Present: Mindfulness and Its Role in Psychological Well-Being. J. Personal. Soc.
Psychol. 2003, 84, 822–848. [CrossRef]

23. Grossman, P.; Niemann, L.; Schmidt, S.; Walach, H. Mindfulness-based stress reduction and health benefits: A meta-analysis. J.
Psychosom. Res. 2004, 57, 35–43. [CrossRef]

24. Khoury, B.; Lecomte, T.; Fortin, G.; Masse, M.; Therien, P.; Bouchard, V.; Chapleau, M.A.; Paquin, K.; Hofmann, S.G. Mindfulness-
based therapy: A comprehensive meta-analysis. Clin. Psychol. Rev. 2013, 33, 763–771. [CrossRef]

25. Hofmann, S.G.; Sawyer, A.T.; Witt, A.A.; Oh, D. The Effect of Mindfulness-Based Therapy on Anxiety and Depression: A Meta-
Analytic Review. J. Consult. Clin. Psychol. 2010, 78, 169–183. [CrossRef]

26. Teasdale, J.D.; Segal, Z.V.; Williams, J.M.G.; Ridgewaya, V.A.; Soulsby, J.M.; Lau, M.A. Prevention of relapse/recurrence in major
depression by mindfulness-based cognitive therapy. J. Consult. Clin. Psychol. 2000, 68, 615–623. [CrossRef] [PubMed]

27. Gu, J.; Strauss, C.; Bond, R.; Cavanagh, K. How do mindfulness-based cognitive therapy and mindfulness-based stress reduction
improve mental health and wellbeing? A systematic review and meta-analysis of mediation studies. Clin. Psychol. Rev.
2015, 37, 1–12. [CrossRef] [PubMed]

28. Alberts, H.J.E.M.; Thewissen, R.; Raes, L. Dealing with problematic eating behaviour. The effects of a mindfulness-based
intervention on eating behaviour, food cravings, dichotomous thinking and body image concern. Appetite 2012, 58, 847–851.
[CrossRef] [PubMed]

29. Saxe, G.A.; Hébert, J.R.; Carmody, J.F.; Kabat-Zinn, J.; Rosenzweig, P.H.; Jarzobski, D.; Reed, G.W.; Blute, R.D. Can diet in
conjunction with stress reduction affect the rate of increase in prostate specific antigen after biochemical recurrence of prostate
cancer? J. Urol. 2001, 166, 2202–2207. [CrossRef]

30. Tapper, K.; Shaw, C.; Ilsley, J.; Hill, A.J.; Bond, F.W.; Moore, L. Exploratory randomised controlled trial of a mindfulness-based
weight loss intervention for women. Appetite 2009, 52, 396–404. [CrossRef]

31. Gregg, J.A.; Callaghan, G.M.; Hayes, S.C.; Glenn-Lawson, J.L. Improving Diabetes Self-Management Through Acceptance,
Mindfulness, and Values: A Randomized Controlled Trial. J. Consult. Clin. Psychol. 2007, 75, 336–343. [CrossRef]

32. Crowe, C.; Gibson, I.; Cunningham, K.; Kerins, C.; Costello, C.; Windle, J.; O′Shea, P.M.; Hynes, M.; McGuire, B.; Kilkelly, K.; et al.
Effects of an eight-week supervised, structured lifestyle modification programme on anthropometric, metabolic and cardiovascular
risk factors in severely obese adults. BMC Endocr. Disord. 2015, 15, 37. [CrossRef]

33. Ireland, H. The Food Pyramid. 2016. Available online: https://www.hse.ie/eng/about/who/healthwellbeing/our-priority-
programmes/heal/heal-docs/food%20pyramid%20professional%20version.pdf (accessed on 28 March 2022).

34. Qian, F.; Liu, G.; Hu, F.B.; Bhupathiraju, S.N.; Sun, Q. Association between plant-based dietary patterns and risk of type 2 diabetes:
A systematic review and meta-analysis. JAMA Intern. Med. 2019, 179, 1335–1344. [CrossRef]

35. Magkos, F.; Hjorth, M.F.; Astrup, A. Diet and exercise in the prevention and treatment of type 2 diabetes mellitus. Nat. Rev.
Endocrinol. 2020, 16, 545–555. [CrossRef]

36. Blüher, M. Obesity: Global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 2019, 15, 288–298. [CrossRef] [PubMed]
37. Araki, E.; Goto, A.; Kondo, T.; Noda, M.; Noto, H.; Origasa, H.; Osawa, H.; Taguchi, A.; Tanizawa, Y.; Tobe, K. Japanese clinical

practice guideline for diabetes 2019. J. Diabetes Investig. 2020, 11, 1020–1076. [CrossRef] [PubMed]
38. Hall, K.D.; Ayuketah, A.; Brychta, R.; Cai, H.; Cassimatis, T.; Chen, K.Y.; Chung, S.T.; Costa, E.; Courville, A.; Darcey, V.

Ultra-processed diets cause excess calorie intake and weight gain: An inpatient randomized controlled trial of ad libitum food
intake. Cell Metab. 2019, 30, 67–77. [CrossRef] [PubMed]

39. Monteiro, C.A.; Cannon, G.; Moubarac, J.-C.; Levy, R.B.; Louzada, M.L.C.; Jaime, P.C. The UN Decade of Nutrition, the NOVA
food classification and the trouble with ultra-processing. Public Health Nutr. 2018, 21, 5–17. [CrossRef]

40. Gutnick, D.; Reims, K.; Davis, C.; Gainforth, H.; Jay, M.; Cole, S. Brief action planning to facilitate behavior change and support
patient self-management. J. Clin. Outcomes Manag. 2014, 21, 17–29.

41. Bandura, A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol. Rev. 1977, 84, 191–215. [CrossRef]
42. Matheson, G.O.; Pacione, C.; Shultz, R.K.; Klügl, M. Leveraging human-centered design in chronic disease prevention. Am. J.

Prev. Med. 2015, 48, 472–479. [CrossRef]
43. Isler, J.; Sawadogo, N.H.; Harling, G.; Bärnighausen, T.; Adam, M.; Kagoné, M.; Sié, A.; Greuel, M.; McMahon, S.A. Iterative

Adaptation of a Mobile Nutrition Video-Based Intervention Across Countries Using Human-Centered Design: Qualitative Study.
JMIR Mhealth Uhealth 2019, 7, e13604. [CrossRef]

44. Joshi, A.; Amadi, C.; Schumer, H.; Galitzdorfer, L.; Gaba, A. A human centered approach to design a diet app for patients with
metabolic syndrome. Mhealth 2019, 5, 43. [CrossRef]

45. Atkins, L.; Michie, S. Designing interventions to change eating behaviours. Proc. Nutr. Soc. 2015, 74, 164–170. [CrossRef]
46. Robinson, E.; Higgs, S.; Daley, A.J.; Jolly, K.; Lycett, D.; Lewis, A.; Aveyard, P. Development and feasibility testing of a smart

phone based attentive eating intervention. BMC Public Health 2013, 13, 639. [CrossRef] [PubMed]
47. Curtis, K.E.; Lahiri, S.; Brown, K.E. Targeting Parents for Childhood Weight Management: Development of a Theory-Driven and

User-Centered Healthy Eating App. JMIR Mhealth Uhealth 2015, 3, e3857. [CrossRef] [PubMed]

http://doi.org/10.1093/clipsy.bpg016
http://doi.org/10.1037/0022-3514.84.4.822
http://doi.org/10.1016/S0022-3999(03)00573-7
http://doi.org/10.1016/j.cpr.2013.05.005
http://doi.org/10.1037/a0018555
http://doi.org/10.1037/0022-006X.68.4.615
http://www.ncbi.nlm.nih.gov/pubmed/10965637
http://doi.org/10.1016/j.cpr.2015.01.006
http://www.ncbi.nlm.nih.gov/pubmed/25689576
http://doi.org/10.1016/j.appet.2012.01.009
http://www.ncbi.nlm.nih.gov/pubmed/22265753
http://doi.org/10.1016/S0022-5347(05)65535-8
http://doi.org/10.1016/j.appet.2008.11.012
http://doi.org/10.1037/0022-006X.75.2.336
http://doi.org/10.1186/s12902-015-0038-x
https://www.hse.ie/eng/about/who/healthwellbeing/our-priority-programmes/heal/heal-docs/food%20pyramid%20professional%20version.pdf
https://www.hse.ie/eng/about/who/healthwellbeing/our-priority-programmes/heal/heal-docs/food%20pyramid%20professional%20version.pdf
http://doi.org/10.1001/jamainternmed.2019.2195
http://doi.org/10.1038/s41574-020-0381-5
http://doi.org/10.1038/s41574-019-0176-8
http://www.ncbi.nlm.nih.gov/pubmed/30814686
http://doi.org/10.1111/jdi.13306
http://www.ncbi.nlm.nih.gov/pubmed/33021749
http://doi.org/10.1016/j.cmet.2019.05.008
http://www.ncbi.nlm.nih.gov/pubmed/31105044
http://doi.org/10.1017/S1368980017000234
http://doi.org/10.1037/0033-295X.84.2.191
http://doi.org/10.1016/j.amepre.2014.10.014
http://doi.org/10.2196/13604
http://doi.org/10.21037/mhealth.2019.08.13
http://doi.org/10.1017/S0029665115000075
http://doi.org/10.1186/1471-2458-13-639
http://www.ncbi.nlm.nih.gov/pubmed/23837771
http://doi.org/10.2196/mhealth.3857
http://www.ncbi.nlm.nih.gov/pubmed/26088692


Sensors 2022, 22, 2795 28 of 28

48. Rohde, A.; Duensing, A.; Dawczynski, C.; Godemann, J.; Lorkowski, S.; Brombach, C. An app to improve eating habits of
adolescents and young adults (Challenge to go): Systematic development of a theory-based and target group–adapted mobile
app intervention. JMIR Mhealth Uhealth 2019, 7, e11575. [CrossRef] [PubMed]

49. Moore, A.P.; Rivas, C.A.; Stanton-Fay, S.; Harding, S.; Goff, L.M. Designing the Healthy Eating and Active Lifestyles for Diabetes
(HEAL-D) self-management and support programme for UK African and Caribbean communities: A culturally tailored, complex
intervention under-pinned by behaviour change theory. BMC Public Health 2019, 19, 1146. [CrossRef]

50. Jeffery, R.W.; Bjornson-Benson, W.M.; Rosenthal, B.S.; Lindquist, R.A.; Kurth, C.L.; Johnson, S.L. Correlates of weight loss and its
maintenance over two years of follow-up among middle-aged men. Prev. Med. 1984, 13, 155–168. [CrossRef]

51. Michie, S.; West, R.; Campbell, R.; Brown, J.; Gainforth, H. ABC of Behaviour Change Theories; Silverback Publishing: Sutton, UK, 2014.
52. Gardner, B. A review and analysis of the use of ‘habit’ in understanding, predicting and influencing health-related behaviour.

Health Psychol. Rev. 2015, 9, 277–295. [CrossRef]
53. Southwick, S.M.; Charney, D.S. The science of resilience: Implications for the prevention and treatment of depression. Science

2012, 338, 79–82. [CrossRef]
54. Sapolsky, R.M. Stress, Stress-Related Disease, and Emotional Regulation; The Guilford Press: New York, NY, USA, 2007.
55. Lyzwinski, L.N.; Caffery, L.; Bambling, M.; Edirippulige, S. The mindfulness app trial for weight, weight-related behaviors, and

stress in university students: Randomized controlled trial. JMIR Mhealth Uhealth 2019, 7, e12210. [CrossRef]
56. Järvelä-Reijonen, E.; Karhunen, L.; Sairanen, E.; Muotka, J.; Lindroos, S.; Laitinen, J.; Puttonen, S.; Peuhkuri, K.; Hallikainen, M.;

Pihlajamäki, J.; et al. The effects of acceptance and commitment therapy on eating behavior and diet delivered through face-to-face
contact and a mobile app: A randomized controlled trial. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 22. [CrossRef]

57. Turner, T.; Hingle, M. Evaluation of a mindfulness-based mobile app aimed at promoting awareness of weight-related behaviors
in adolescents: A pilot study. JMIR Res. Protoc. 2017, 6, e6695. [CrossRef]

58. Lunde, P.; Nilsson, B.B.; Bergland, A.; Kværner, K.J.; Bye, A. The effectiveness of smartphone apps for lifestyle improvement in
noncommunicable diseases: Systematic review and meta-analyses. J. Med. Internet Res. 2018, 20, e9751. [CrossRef] [PubMed]

59. Hu, E.A.; Pasupuleti, M.; Nguyen, V.; Langheier, J.; Shurney, D. Sustaining weight loss among adults with obesity using a digital
meal planning and food purchasing platform for 12, 24, and 36 months: A longitudinal study. Nutr. J. 2021, 20, 8. [CrossRef]
[PubMed]

60. Davies, A.; Mueller, J. Developing Medical Apps and mHealth Interventions; Springer: Cham, Switzerland, 2020.
61. Kazgan, M. Real Challenge in Digital Health Entrepreneurship: Changing the Human Behavior. In Digital Health Entrepreneurship;

Springer: Berlin/Heidelberg, Germany, 2020; pp. 7–15.
62. Ferguson, C.; Hickman, L.D.; Turkmani, S.; Breen, P.; Gargiulo, G.; Inglis, S.C. “Wearables only work on patients that wear them”:

Barriers and facilitators to the adoption of wearable cardiac monitoring technologies. Cardiovasc. Digit. Health J. 2021, 2, 137–147.
[CrossRef] [PubMed]

63. Zhang, Y.; Fang, Y.; Xu, Y.; Xiong, P.; Zhang, J.; Yang, J.; Ran, L.; Tan, X. Adherence with blood pressure monitoring wearable
device among the elderly with hypertension: The case of rural China. Brain Behav. 2020, 10, e01599. [CrossRef] [PubMed]

64. Wachter, R. The digital doctor. In Hope, Hype and at the Dawn of Medicines Computer Age; Robert Wachter: San Francisco, CA, USA, 2015.
65. Bennich, B.B.; Røder, M.E.; Overgaard, D.; Egerod, I.; Munch, L.; Knop, F.K.; Vilsbøll, T.; Konradsen, H. Supportive and non-

supportive interactions in families with a type 2 diabetes patient: An integrative review. Diabetol. Metab. Syndr. 2017, 9, 57.
[CrossRef]

http://doi.org/10.2196/11575
http://www.ncbi.nlm.nih.gov/pubmed/30903746
http://doi.org/10.1186/s12889-019-7411-z
http://doi.org/10.1016/0091-7435(84)90048-3
http://doi.org/10.1080/17437199.2013.876238
http://doi.org/10.1126/science.1222942
http://doi.org/10.2196/12210
http://doi.org/10.1186/s12966-018-0654-8
http://doi.org/10.2196/resprot.6695
http://doi.org/10.2196/jmir.9751
http://www.ncbi.nlm.nih.gov/pubmed/29728346
http://doi.org/10.1186/s12937-021-00666-9
http://www.ncbi.nlm.nih.gov/pubmed/33478516
http://doi.org/10.1016/j.cvdhj.2021.02.001
http://www.ncbi.nlm.nih.gov/pubmed/35265900
http://doi.org/10.1002/brb3.1599
http://www.ncbi.nlm.nih.gov/pubmed/32385965
http://doi.org/10.1186/s13098-017-0256-7

	Introduction 
	Materials and Methods 
	User Research 
	Design Probe Exercise 
	Focus Group Exercise 
	Generative Exercise 

	Behaviour Change Implementation Framework 
	Intervention Design 
	Artefact Design 

	Results 
	User Research 
	Design Probe Exercise 
	Focus Group Exercise 
	Generative Exercise 

	Human-Centred Design 
	Behaviour Change Wheel Framework 
	Intervention Design 
	Identifying Behaviour Change Techniques (BCTs) to Be Adopted 
	Enablement Intervention Functions 
	Structure of the Diet Intervention 
	Adding Healthy Food Practices 
	Eliminating or Reducing Un-Healthy Food Practices 
	Customisation of the Planner 
	Addressing Planning Challenges 
	Addressing Mental Health Challenges 
	Addressing Social Support Challenges 

	Artefact Design 
	Planner 
	Preparatory Workbook 
	Detailed Diet Intervention Plan 
	How the Artefact Design Supports the Diet Intervention 


	Discussion 
	Implications for the Design of Wearable Devices 
	Strengths 
	Limitations 


	Conclusions 
	References

