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Abstract

Background

Health and wellbeing smartphone apps are promising tools in behaviour change,
however, the uptake with these is low and the engagement with them is suboptimal.
Objectives

The research objectives were to 1) better understand factors influencing the uptake of
and the engagement with health and wellbeing apps, 2) explore the factors influencing
how and why individuals choose health and wellbeing apps online, including curated
health app portals, and 3) investigate the attributes of smoking cessation apps that are

likely to affect their uptake.

Methods

Three integrated research studies using qualitative and quantitative methods were
conducted. Firstly, a systematic literature review was undertaken to investigate factors
influencing the uptake of, and engagement with, health and wellbeing apps. Secondly,
a think-aloud and interview study was undertaken to gain a deeper understanding of
previously identified factors from the systematic review and to explore participants’
views on curated health app portals. The final study involved the development and
delivery of a discrete choice experiment to elicit smokers’ preferences for the uptake of

a hypothetical smoking cessation smartphone app.

Findings

The systematic review identified twenty-six factors that influence the uptake and
engagement with health and wellbeing apps, with one of the most important factors
being health practitioner support. The qualitative study found that social influences and
the perceived utility of an app may be core factors influencing their uptake.
Engagement appeared to be influenced by the need for apps to contain clear user
guidance, create low cognitive demands and support self-monitoring, have tailored
technology, include peer and professional support, and goal setting features with action
planning. Findings from the discrete choice experiment suggest that uptake of a
smoking cessation app is most likely if the app has a high star rating, followed by if it is
developed by a trusted organisation, the image of the app includes screenshots of how

the app appears, and if the app is low cost.

Conclusion
Easy to use health and wellbeing apps which convey their social approval and practical

benefits of use have the greatest potential to be adopted.
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Chapter 1. General Introduction

The Global Burden of Disease Study (GBD) reported that 73.4% of total deaths
worldwide in 2017 were caused by non-communicable diseases (1). In terms of the
UK, the leading cause of age-adjusted years-of-life-lost, were ischaemic heart
disease, lung cancers, cerebrovascular disease and chronic pulmonary disease (2).
In the same report several behavioural, environmental and occupational, and
metabolic risk factors were further identified. However, some metabolic risk factors,
such as high blood pressure and high body-mass index, are consequences of
unhealthy behaviours (3, 4). It is therefore the case that, smoking, alcohol and other
substance misuse, physical inactivity, unhealthy diet are the major behavioural
factors that contributes to all-cause death. Moreover, poor mental health represents
an additional risk factor for disease (1).

Unhealthy behaviours are associated with a range of adverse health outcomes and
also have financial consequences and societal costs, including, but not limited to,
National Health Service (NHS) costs, productivity loss (sickness absence), and in
case of behaviours such as alcohol consumption on the consumption of banned
substances, the cost of related crimes (5). The quantification of these costs suggests
the substantial impact of unhealthy behaviours on society. For example, according to
Action on Smoking and Health (ASH), smoking related diseases cost the NHS around
£2.5 billion a year (6), while treating alcohol related illnesses costs £3.5 billion a year
with further £7 billion to lost productivity, such as unemployment or sickness (7).
However, these are modifiable behaviours. Therefore, it is clear that necessary
measures must be taken to reduce the burden of the non-communicable disease by
promoting and implementing behaviour change interventions. Indeed, investing in

these in the short term could provide cost improvements for NHS in the long term.

1.1. Behaviour change interventions

Behaviour change interventions include a set of active components or techniques,
known as behaviour change techniques, used together to change the health-related
behaviour of people, groups or entire populations (8). The Behaviour Change
Guidance produced by the National Institute for Health and Care Excellence (NICE)
outlines that interventions designed to change behaviour offer a part solution to alter
present patterns of disease (9). Interventions, ideally based on behaviour change
theories and models, such as the COM-B model, could therefore reduce the risk of
illness (10).



Primary care interventions targeting health behaviours, such as those targeting
physical inactivity (11), alcohol consumption (12) and smoking cessation (13), have
been shown to be effective in changing the behaviour. For example, the NHS Health
Check programme is a multiple health behaviour change intervention that aims to
reduce cardiovascular disease risk factors by addressing four behavioural areas:
diet and weight management, promoting physical activity, providing smoking
cessation and reducing excessive alcohol consumption (14). Indeed, individuals
attending the health check programme show a decrease in CVD risk factors scores
(15). Nevertheless, although participation increased between 2011 and 2015, the
rate of uptake remains below those expected by the Department of Health (15).
Reported barriers in delivering primary care interventions include high workload and
lack of time, as well as insufficient knowledge to deliver behaviour change
interventions (14). Therefore, funding cuts in staff and financial pressure (16), and
barriers to implementing brief interventions in primary care, such as lack of time (17)
or lack of support and training offered to health care professionals responsible for
the delivery of these interventions (18), suggest that more flexible and cost effective
solutions are needed. Digital technology, such as mobile phones and relevant health
and wellbeing smartphone apps, could be an important key component to address
these issues by offering a flexible, cost effective and cost reducing way to decrease
unhealthy behaviours. However, the potential reach and impact of these

interventions is not well understood.

1.2. Digital behaviour change interventions

Digital behaviour change interventions (DBCI) focused on health behaviours have
been described as “an intervention that employs digital technology to promote and
maintain health, through primary or secondary prevention and management of
health problems” (19). At present, DBCls are mainly based on mobile phone
applications and websites, nonetheless they can also be found in other technologies

like text messaging, email, social media or online patient portals (20).

Behaviour change based on digital technology appears promising. Smartphone
ownership is continuously growing globally. According to the Global Mobile
Consumer Survey 2017 (UK), 85% of the respondents across all countries own or
had access to smartphones in 2017 (21). In 2018 95% of those under 35 owned a
smartphone, with this dropping to 51% among those aged 55-64 and to 18% among
those over 65 (22). Nevertheless, statistics on the smartphone user penetration in

the UK suggest that smartphone ownership is continuing to grow, and is expected to

13



reach around 80% by 2022, an increase of 16% from 62% in 2014 (23). Therefore,
the increasing number and use of smartphones and the rapid development in
technology represents a noteworthy opportunity for a global impact on health
behaviours (10, 24). The continued growth in smartphone ownership therefore
provides a clear opportunity to positively influence health behaviours (10).

There are two aspects that highlight the importance of DBCIs: the results from the
efficacy testing of behaviour change interventions and the reported acceptability of
DBCls among users. Testing interventions, specifically those conducted in
healthcare, involves the consideration of three concepts that were first defined by
Archie Cochrane, the British pioneer clinical epidemiologist: efficacy, effectiveness

and efficiency (25).

Efficacy considers whether an intervention can work in ideal conditions (26).
Evidence supports the efficacy of DBCIs using mobile phones, such as in the case
of smoking cessation (27), in reducing hazardous drinking (28) and to promote
healthy diet and address physical inactivity (29). There is evidence that efficacy
studies maximise the probability of an intervention effect if one exists yet often
overestimate the effect of a trial when implemented in practice (30). This is because
the participants in an efficacy study are typically more homogenous than the
population being sampled from, they are selected based on several inclusion and
exclusion criteria, the intervention is delivered in a highly standardised way, and
participation in the study is heavily maintained.

The second concept, effectiveness, refers to the extent to which the intervention
could work in ‘real world’ practice, that is under usual conditions as opposed to the
ideal ones (26). As opposed to efficacy studies, the population is typically less
homogenous, and participants are selected based on fewer inclusion and exclusion
criteria in effectiveness research. Whilst effectiveness studies standardise the
availability of interventions in the sample, they do not typically reinforce
implementation or participation at the same level as an efficacy study often would.
DBCls have been shown to be effective in improving healthy eating (31, 32),
addressing sedentary behaviour (32), enhancing physical activity (20, 33). It was
found that to maintain weight loss, DBCIs are better than usual care and as effective
as face-to-face interventions (24, 34, 35). Although, a literature review on apps for
behavioural interventions for risky alcohol consumption argues that there is a lack of
convincing evidence of effective apps (36), in the case of non-dependent drinkers,

DBCls are as effective as brief interventions (37, 38).
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Finally, the third concept of testing interventions, efficiency, represents the cost-
effectiveness of an intervention in relation to the resources expended (26). Reviews
have highlighted the low-cost nature of DBCls. For instance, they are cost-effective
in improving diet and nutrition and to tackle obesity (39). The recent National
Institute for Care and Excellence (NICE) guideline on digital behaviour change
interventions reviewed the cost effectiveness of DBCls addressing health
behaviours, such as smoking, alcohol consumption, diet, physical activity and
sedentary behaviour. It found limited evidence on the cost-effective nature of the
smoking cessation tools (40). However, it is noteworthy, that the number of studies
considered for cost-effectiveness was low, ranging from one for reducing alcohol

consumption, to six for all other behaviours, limiting the certainty of evidence.

There is good evidence that all three constructs (efficacy, effectiveness and
efficiency), are important for public health impact. Intervention evaluation is
considered as a ‘continuum’, progressing from efficacy study to effectiveness and
efficiency trials (30). So, while the literature suggests that DBCIs could be an
effective way to change behaviour, there is lack of evidence on their cost-effective

nature.

Another important aspect is the acceptability of DBCIs among users, that is how
receptive the population is towards DBCIs as opposed to other interventions, e.g.
face-to-face ones. A systematic review targeting the behavioural functionality of the
mobile apps in health interventions found that the acceptability of apps among users
was high, and therefore the potential for delivering behavioural interventions is

encouraging (41).

This thesis focuses particularly on digital interventions delivered by smartphone
apps. Smartphone apps are usually inexpensive, can offer anonymity for the user,
and can be accessed at any time from practically anywhere (37, 42). Overall, they
appear to be an ideal platform to deliver behavioural interventions (10) because of
their easy access (42), the potential for constant connectivity to the internet and their
capacity to store and run different smartphone apps. For example, health app
downloads increased by 16% between 2016 and 2017, representing around 3.7
billion downloads, with the growth rate of health apps being higher than the number
of downloads (43).

Despite their promise, the overall uptake of digital interventions delivered by
smartphone apps are low and the engagement with these remain suboptimal to

promote behaviour change. Therefore, this thesis focuses on these two key
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behaviours that might limit the potential public health impact of the health and
wellbeing smartphone apps, the uptake of and the engagement with these, while
exploring views on curated health app portals.

1.3. The problem

1.3.1. The uptake of health and wellbeing apps

Uptake of a health app refers to the act of downloading and installing it (44). The
majority of health and wellbeing apps are selected from a commercial platform,
predominantly from ‘Google Play’ developed for mobile phones operating on
Android operational system users, and the ‘App Store’ for those operating on iOS

operating system (29, 45).

The list of apps yielded through commercial app store search are dominated by the
search algorithm applied by these platforms. The search algorithm can be shaped
by developers by applying search engine optimisation strategies, for example by
using specific keywords, whereas the app store’s search ranking is based on the
text relevance (such as app’s title, keywords, category) and user behaviour (number
and intensity of downloads, the popularity factors represented by quality ratings and
reviews left) (46, 47). Existing evidence suggests that ratings and rankings are
influential during app selection (45), and individuals typically choose a top positioned
and popular app (48-51). Individuals also tend to select an app based on their look
and feel, rather than a cognitive elaboration by considering at a deeper level the
utility of the selected apps (52). Further, engagement tends to be low (53), and
users tend to disengage with health apps within a week (54, 55). Understanding
engagement is important, as it represents the next stage in the process of producing

behaviour change through a digital intervention, following the uptake of such tools.

1.3.2. Poor engagement

Engagement with DBCIs has been recently conceptualised in a systematic-review
conducted by Perski et al. (56), and is defined as ‘(1) the extent (e.g. amount,
frequency, duration, depth) of usage and (2) a subjective experience characterised
by attention, interest and affect’ (56). Engagement with DBCIs is necessary for their
effectiveness (57). Only 20% of health and fithess apps users use the app one day
after installation, and only 8% after seven days after installation (54). The median

app retention rate of mental health apps at 15 days after installation was 3.9% (55).
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In the past few years, there have been several studies carried out to investigate the
reasons for poor engagement. For example, in a survey conducted in the US a few
key explanations for poor engagement have been previously identified, such as
prolonged time to enter user data, loss of interest, poor usability, exchanging to a
better app and a lack of social media connections within the app (45). A systematic
review and content analysis of remote measurement technology has found that poor
health status or change in health status, technical malfunction, poor data reliability,
concerns regarding privacy, costs, forgetfulness of the users, excessive notifications
and lack of intrinsic motivation are the main barriers to engagement (58). A think-
aloud study has shown that people have different preferences for features such as
self-monitoring, goal-settings and rewards, and lack of flexibility of these features

are off putting (59).

Furthermore, the level of engagement often depends on the quality of the app
represented by the features based on behaviour change techniques relevant for the
target behaviour. High quality apps may more likely encourage behaviour change
than others, and therefore improve the effectiveness of the app (60). For example,
apps that have used behaviour change techniques associated with effectiveness
provided better quality of information for the users (61).

Therefore, the poor matching between users’ needs and the app they select might
be one of the causes of poor engagement and may lead to disengagement. This
might be triggered by the selection of apps, described previously. Therefore,
improving engagement is crucial, and this could also improve health and wellbeing
smartphone apps’ effectiveness (57). However, the uptake on the commercial app

marketplace could further hinder the engagement with health and wellbeing apps.

1.3.3. The commercial marketplace

Most health and wellbeing apps listed on commercial app stores are not evidence
based. Indeed, several content analyses have found that the majority of health and
wellbeing smartphone apps listed in commercial platforms are lacking well-
researched and appropriate evidence-based content represented by behaviour
change techniques (60, 62-68). It is of particular concern that it has been shown that
there is an inverse association between popularity and effectiveness in apps listed
on commercial app stores developed for weight management (62). A study
analysing anti-tobacco videogames found that even though these contain effective
features, behaviour change techniques are absent (65). Less than one percent

(0.39%) of the available stress-management apps had included all three widely used
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and recommended precede- proceed framework theoretical constructs (i.e.
predisposing, enabling and reinforcing factors) for self-management of stress (66).
Overall, the majority of health apps do not have theoretical constructs, or behaviour
change techniques, explicitly incorporated (63, 67) and lack evidence-based content
(64, 68). A review and content analysis of apps targeting depression found that only
a third were in fact addressing depression and 61.7% failed to mention their
organisational affiliation and content source (69). Furthermore, content analyses
found that out of 40 apps targeting alcohol consumption only one app demonstrated
application of evidence-based approach (68), while the most popular cannabis

smartphone apps fail to address the issue of addiction (70).

It is therefore the case that there are thousands of health and wellbeing apps on the
marketplace targeting different behaviours, but only a small percent of these are of
sufficient quality that would potentially promote behaviour change (71). Furthermore,
due lack of guidance or recommendation of which apps are of sufficient quality,
these apps are likely to be hard to find when the selection relies on app-store search
only and, usually, the most popular apps are showcased rather than the highest
guality ones. This suggests that these commercial platforms may be unsuitable to
search for effective health and wellbeing smartphone apps as DBCIs, without prior
professional recommendation. Unsurprisingly, health apps are often deleted as they
fail to meet users’ expectations (72). This leads to poor engagement with apps and
rapid disengagement after uptake.

One potential solution to these problems is represented by curated health app
portals. These websites pool health and wellbeing apps curated by either
governmental bodies (e.g. NHS Apps Library) or private companies (e.g. ORCHA).
These portals aim to list evidence-based, quality assured, safe and tested health

apps. However, the use and the popularity of these is under researched.

1.3.4. Smoking

Smoking is one of the leading risk factors of noncommunicable diseases worldwide
(1). The UK government has committed to creating a smoke-free generation and
improving smoking cessation services. Supporting people to quit smoking is a public
health priority (5). Digital behaviour change interventions, such as smartphone apps,

have shown promise for smoking cessation (27).
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1.4. Theoretical frameworks

The structure that can hold or endorse a theory of a research study is the theoretical
context, or framework. The theoretical framework is a collection of interrelated
concepts that connects the researcher to existing knowledge. The COM-B model of
behaviour, together with the Theoretical Domains Framework (TDF), were identified
as the appropriate theoretical frameworks for the thesis. The benefit of employing
the COM-B model with the TDF, over other types of behaviour change theories and
models, is that TDF offers several explanatory components to help understand the
behaviour, while the COM-B model helps to synthesize these (73). These are
presented below.

1.4.1. The COM-B model of behaviour

The COM-B (Capability, Opportunity, Motivation — Behaviour) model is a behaviour
change model, and its purpose is to guide understanding of human behaviour in the
context in which it occurs (74). It relies on the interaction of three components:
capability (C), opportunity (O) and motivation (M) that shapes the behaviour (B) (74).
It is believed that these components together are the necessary conditions for the
behaviour to happen (74). In this “behaviour system” (74) the first component,
capability, is represented by the individuals’ physical and psychological capacity to
engage with the behaviour. This includes knowledge, as well as skills. The second
component is opportunity, which includes all the physical and social determinants
that could influence and prompt the behaviour. The last component, motivation, is
defined as brain processes that fuel and guide the behaviour. This can be reflective
motivation, such as conscious and analytical decision-making, or automatic

motivation, for example habits or emotional responses.

These components do not just directly influence behaviour, but also interact with
each other, as is represented in Figure 1. The COM-B model can be expanded by

using the Theoretical Domains Framework.
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Figure 1. The COM-B model of behaviour (reproduced with permission from (74)).

1.4.2. Theoretical Domains Framework (TDF)

The TDF is a framework that offers a ‘theoretical lens’ (75) through which to view
cognitive, social, emotional and environmental influences on behaviour (75). It was
developed as a synthesis of 33 behaviour change theories and pooled together into
14 domains with one or more constructs in each domain (75) (see Appendix 1).
There is a strong connection between the COM-B model and the TDF. The TDF is a
variant of the COM-B model where the domains of the TDF were mapped onto the

components of the COM-B model (see Figure 2).
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Reflective Beliefs about cosngequences
Intentions
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Figure 2. Mapping constructs of the theoretical domains framework onto the COM-B
model of behaviour change (44).

Even though the main role of the COM-B model is to guide intervention design (73),
its associated theoretical framework, the TDF, has been applied in numerous
synthesis frameworks for systematic reviews (76-78) and as a coding guide for
qualitative studies (79, 80). When a more comprehensive understanding of the
behaviour is needed the TDF can expand the COM-B and, therefore, can help
identify a specific construct of the TDF under a component of the COM-B model
(81). The more precise the analysis of the behaviour is, the more likely that the

intervention will change the behaviour (74).
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1.4.3. The Behaviour Change Wheel (BCW)

The COM-B model and the TDF together can be considered as complementary
tools to more fully understand the problem of the uptake of and the engagement with
health and wellbeing apps in behavioural terms. In particular, when taken together
they allow researchers to select intervention functions by using the Behaviour
Change Wheel (BCW) approach to design behaviour change interventions in
practice (74). The core of the BCW is represented by the COM-B model (i.e.
sources of behaviour), followed by the constructs of the TDF in the next layer,
intervention functions representing the third layer, and with policy categories in the

outer layer of the wheel (Figure 3).

. Sources of behaviour

TOF Domains

. Intervention functions

Policy categories

Soc - Soclal Influences

Env - Environmental Context and Resources
Id - Soctal/Professional Role and identity
Bel Cap - Beliefs about Capabilities

Opt - Optimism

Int - Intentions

Goals - Goals

Bel Cons - Bellefs about Consequences
Reinf - Reinforcement

Em - Emotion

Know - Knowledge

Cog - Cognitive and interpersonal skills
Mem - Memory, Attention and Decision Processes
Beh Reg - 8chavioural Regulation
Phys - Physical shills

Service provision

Figure 3. Behaviour Change Wheel (reproduced with permission from (81)).

There are several steps to follow when applying the BCW. Firstly, the identification
of the target behaviour is needed: that is what behaviour needs to be changed, in
whom and in what way? This thesis focusses on two target behaviours: the uptake
of and the engagement with health and wellbeing apps. This led to the recognition of
which components could be changed, in other words the identification of
psychological variables that shape the behaviour (capability, opportunity, motivation)
(74), by identifying potential factors that may influence the uptake and engagement
with health apps. The next step would be to select one or more intervention
functions (e.g. education) followed by the selection of a policy category to address

long-term implementation (e.g. regulation). Additionally, specific behaviour change

22



techniques can be applied for the chosen intervention function(s) and policy
categories. The Behaviour Change Technique Taxonomy v1 (BCTTv1) was
developed, featuring 93 hierarchically clustered techniques (82) due to a need for
standardised definitions and labels for the active components of behaviour change
interventions. The development of the BCTTv1 has simplified the process of
selecting specific behaviour change techniques to bring about changes in the
targets of the intervention. Once the behaviour change techniques are chosen, the
final step is to develop an intervention plan with a specification covering aspects

related to content and delivery of the intervention (81).

The COM-B model, together with the TDF, have assimilated the most important
constructs of the most commonly used behaviour change models and theories (83),
including those relating to societal factors, beliefs, attitudes, habits, self-control,
norms and intentions. All these concepts were suggested to be relevant in the
uptake and engagement with health and wellbeing apps. Therefore, unlike the other
behaviour change models and theories, the COM-B with the TDF, the core of the
BCW, provides a comprehensive way of exploring how these constructs interact with
each other, hence, proves to be the most suitable theoretical framework to apply in
this thesis.

1.5. Stakeholder engagement

Stakeholders are groups of individuals interested in, or affected by, a project.
Stakeholder engagement is a method of shaping a range of outcomes through
collaboration, consultation and consensus. Stakeholder engagement ensures the
acceptability of research, that is to what extent will it be accepted by developers and
users, and how meaningful and useful research findings would be for them. The
stakeholders of this project are represented by those who have an interest in
improving public health and those who are affected by policy decision makers, end-
users represented by the general public. Therefore, stakeholder engagement was
achieved by continuous stakeholder dialogue with the representatives of the Public
Health England (PHE) and the Patient and Public Involvement group (PPI). This
allowed the project to be compatible with, or inform, ongoing digital tool
development within PHE and NHS Digital, both organisations that aim to provide the
public with effective evidence-based digital tools to help the general public manage
their physical and mental health. It also involved end-user participation through PPI
to ensure that the relevance of the research was fulfilled from a lay person’s

perspective.
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1.5.1. Public Health England

The project fits closely with the digital public health agenda and the NHS’s long-term
plan (84), ‘digital first’ (85). It is expected that from 2024, individuals in England will
have the opportunity to access digital primary care services (84). Furthermore, the
expectation is that digital care using wearables, electronic services and digital tools
will become standard care by the end of the ten year period (86). The research
findings within this thesis are, therefore, compatible with and inform ongoing digital
tool activities within PHE and NHS Digital. The development of the qualitative
research, as well as the experimental development phase, was based on continuous
stakeholder dialogues with Dr Tim Chadborn, Behaviour Insight Team Lead at PHE,
who has been involved in the development of this thesis as a tertiary supervisor, and
with endorsement from the Deputy Director of PHE Digital, the PHE Strategy and
Innovation Lead, and the PHE Strategy and Planning lead.

Towards the end of this project part of PHE was replaced with a UK-wide health
protection institute the UK Health Security Agency, while another part joined the
Department of Health and Social Care. The team led by Dr Tim Chadborn was
absorbed by the Department of Health and Social Care. However, to reflect the
chronological order of the conducted studies, this thesis will continue to use PHE as

reference for the work undertaken.
1.5.2. Patient and Public Involvement (PPI)

The aim of PPI was to involve end-users in planning, conducting and evaluating
research (87). The importance of this lays in the fact that PPI has a potential benefit
for researchers to ensure that the research itself is designed in a participant-friendly
manner and that all relevant aspects of the research is relevant to the public (88).
Therefore, undertaking effective and meaningful PPI is crucial and this project aims

to consider these aspects.

Whilst conducting a secondary data synthesis, a systematic review, is less relevant
for PPI input, involvement of members of the public was crucial for the rest of the
project. Following the advice of Gray-Burrows and colleagues (87) PPI
representatives were involved in: 1) planning the research by informing the content
of the research materials (e.g. they helped refine the topic guide for the interview
study); 2) interpreting findings by reviewing how the research is progressing; 3)
providing knowledge by sharing personal experiences, which was especially useful

in the development of the DCE.
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Advice from PPI representatives, who have used behaviour change apps before,
had already been sought prior to the start of the PhD by reviewing and commenting
on the application for research funding.

1.6. Aim and objectives

The thesis aimed to understand factors influencing the uptake of, and engagement
with, health and wellbeing smartphone apps and to serve as a starting point of the
development of interventions that aim to increase the uptake and engagement of
such apps. The ultimate aim of the project is to inform the optimisation of digital
service tools, such as the Public Health England (PHE) ‘One You’ portal and the
NHS apps library, that promote uptake and engagement with evidence-based health
and wellbeing apps. While part of the thesis focuses on a wide range of physical and
mental health apps, focusing on a single behaviour to test key principles was
considered most practical. Smoking is a highly appropriate single behaviour to focus
on as it is one of the leading risk factors of noncommunicable diseases worldwide
(89) and the UK government have committed to creating a smoke-free generation
and improving smoking cessation. Furthermore, it would allow the translation of
findings to other types of health apps as the way individuals assess the utility of

apps during uptake tends to be similar (52).
The key objectives of the thesis were:

1. To gain a better understanding of the factors influencing uptake of, and
engagement with, health and wellbeing apps

2. To explore how and why individuals select a health and wellbeing app,
including routes for identifying apps other than commercial smartphone app
stores, as well as reasons for engagement and non-engagement with apps

3. To determine the factors likely to influence the uptake of smoking cessation
apps and to identify factors which may potentially influence adults’

engagement with health and wellbeing apps.
1.7. The structure of the thesis

This thesis reports three original research studies that used qualitative and
quantitative methodologies. These three studies yielded five research papers
described in the ‘Statement of jointly authored publications*that are either published

or submitted and under review at the time of completion of this thesis.
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This thesis involved three stages of work. The first stage of work is focused on the
identification of factors influencing the uptake of, and engagement with, health and
wellbeing apps and included two studies:

e A theory informed comprehensive systematic review of the digital health
literature, including all types of study design that aimed to identify factors
influencing the uptake of, and engagement with, a wide range of health and
wellbeing smartphone apps (Chapter 2).

e A think aloud and interview study to explore what potential app users
consider to be important for the uptake of health and wellbeing apps and to
investigate the potential of curated health app portals as a way of choosing
health and wellbeing apps (Chapter 3) and perceptions of factors influencing

engagement with health and wellbeing apps (Chapter 4).

The second stage of this thesis focuses on the development of a discrete choice
experiment based on the findings reported in Chapters 2 to 4:

e A methodological description of how the discrete choice experiment was
developed and serves as a guide to those with limited knowledge of this
method (Chapter 5).

The final stage of this thesis describes the findings of an experimental study that

investigated the uptake of smoking cessation apps:

e A discrete choice experiment to determine the attributes that may influence
the uptake of a smoking cessation app and their relative importance. The
study also assessed factors influencing the uptake of, and engagement with,
smoking cessation apps to better understand to what extent are these

facilitators or barriers (Chapter 6).
Note on the final two stages of the thesis.

The second stage of this thesis initially was planned as a development of a web-
based intervention that aimed to investigate the most preferred features of a
prototype health app portal, and the third stage being a feasibility study to test the
intervention. The development stage was ongoing when the COVID-19 pandemic
started and should have been based on a close collaboration with PHE. However,
because of COVID, PHE’s priorities have changed, and this collaboration was no
longer feasible. The decision to find a different methodology was made and a DCE

was developed instead.
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Chapter 2. Influences on the uptake
of, and engagement with, health
and wellbeing smartphone apps

2.1. Dissemination

This chapter was presented at the Behavioural Science and Public Health Network
Annual Conference (2019), at the University College London Centre for Behaviour
Change Digital Health Conference (2019), at the Norwich Science Festival (2019),
at the Public Health England Annual Conference (2019), accepted at the European
Health Psychology Society’s Annual Conference (2020 — cancelled due to the
COVID-19 pandemic) and at the International Society of Physical Activity and Health
Virtual Congress (2021).

A version of this chapter has been published in the Journal of Medical Internet

Research (44). See Appendix 2 for the published peer reviewed journal article.
2.2. Abstract

Background. The public health impact of health and wellbeing digital interventions
is dependent upon sufficient real-world uptake and engagement. Uptake is currently
dependent largely on popularity indicators (e.g. ranking and user ratings on app
stores), which may not correspond with effectiveness, and rapid disengagement is
common. Therefore, there is an urgent need to identify factors that influence uptake
and engagement with health and wellbeing apps to inform new approaches that

promote the effective use of such tools.

Objective. To synthesise what is known about influences on the uptake of, and

engagement with, health and wellbeing smartphone apps amongst adults.

Methods. A systematic review of quantitative, qualitative and mixed-methods
studies. Studies conducted on adults were included if they focused on health and
wellbeing smartphone apps reporting on uptake and engagement behaviour.
Studies identified through a systematic search in MEDLINE, EMBASE, CINAHL,
PsychINFO, Scopus, Cochrane library databases, DBLP and ACM Digital library
were screened, with a proportion screened independently by two authors. Data
synthesis and interpretation was undertaken using a deductive iterative process.

External validity checking was undertaken by an independent researcher. A
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narrative synthesis of the findings was structured around the components of the

COM-B behaviour change model and the Theoretical Domains Framework.

Results. Out of 7640 identified studies, 41 were included in the review. Identified
factors related to uptake (U), engagement (E) or both (B). Under ‘Capability’, the
main factors identified were app literacy skills (B), user knowledge, including app
awareness (U), available user guidance (B), health information (E), statistical
information on progress (E), well-designed reminders (E), features to reduce
cognitive load (E), and self-monitoring features (E). Availability at low cost (U),
positive tone and personalisation (E) were identified as physical ‘Opportunity’
factors, while recommendations for health and wellbeing apps (U), embedded health
professional support (E) together with social networking (E) possibilities were social
‘Opportunity’ factors. Finally, ‘Motivation’ factors included positive feedback (E),

available rewards (E), goal setting (E) and the perceived utility of the app (E).

Conclusions. Across a wide range of populations and behaviours, twenty-six
factors relating to capability, opportunity and motivation appear to influence the
uptake of, and engagement with, health and wellbeing smartphone apps.
Recommendations at the end of this chapter may help app developers, health app
portal developers and policy makers in the optimisation of health and wellbeing

apps.

2.3. Introduction

2.3.1. Background

Digital behaviour change interventions, such as smartphone apps, can be effective
and cost-effective tools to change a range of health-related behaviours (90, 91),
described in detail in Chapter 1. For example, there have been promising studies of
apps to deliver health prevention messages for men who have sex with men (92), to
help self-manage diabetes (93) and cardiovascular diseases (94), in weight
management (61, 95, 96), alcohol reduction (37, 97, 98), mental health interventions
(99), and in the management of long-term conditions (100). For certain behaviours
such as alcohol reduction, they could also address the barriers experienced by
health professionals when delivering brief interventions in person, such as lack of
necessary training (37) and to reduce the stigma associated with the behaviour (91).
The public health implications are substantial because of their potential to have a

low incremental cost and broad reach.
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Despite their promise, effect sizes reported in evaluations of app-based
interventions are often small. One potential explanation is the level of uptake and
engagement. Uptake refers to the act of downloading and installing a smartphone
app. Engagement has been defined as ‘(1) the extent (e.g. amount, frequency,
duration, depth) of usage and (2) a subjective experience characterised by attention,
interest and affect’ (56). To date, low uptake and poor engagement are commonly
observed with digital interventions which is often insufficient to sustain behaviour
change (101, 102). However, there is a lack of evidence as to the main factors in

contributing to problem.

Systematic reviews that focussed on one specific behaviour or a certain type of
health or wellbeing app suggest that the effectiveness of evidence-based
smartphone apps can be improved by targeting the design and engagement
features, such as user-friendly design, individualised and culturally tailored content
or health professional support (39, 103, 104). A review based on experiential and
behavioural perspectives conceptualised key factors that might affect engagement
with digital behaviour change interventions: the content (e.g. behaviour change
techniques, social support, reminders), and how the content is delivered (e.g.
professional support, personalisation, aesthetic features) (56).

To date, no systematic review that primarily seeks to identify factors that influence
the uptake of, and engagement with, a wide range of health and wellbeing
smartphone apps has yet been conducted. To narrow the focus of this review, the
four public health priority behaviours related to prevention (smoking, alcohol
consumption, physical activity and diet) along with mental health and wellbeing were
targeted.

2.3.2. Theoretical framework

The COM-B model (74) and the Theoretical Domains Framework (TDF) (75)
described in Chapter 1 were used as a coding framework, where the constructs of

the TDF were applied as subthemes under the components of the COM-B model.
2.3.3. Objectives

This systematic review aimed to synthesise factors identified in studies that
influence the uptake of, and engagement with, health and wellbeing smartphone
apps among adults targeting public health priority behaviours (smoking, alcohol
consumption, physical activity and diet) and mental health and wellbeing and
mapped these factors under the components of the COM-B model and constructs of

the TDF. This could help inform stakeholders in public health and policymakers,
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digital behaviour change intervention developers, and providers of health and

wellbeing smartphone app portals to better target uptake and engagement.

2.4. Methods

The review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (105) (see Appendix 3), and the

protocol was registered on the International Prospective Register of Systematic
Reviews (PROSPERO: CRD42019120312). The review used a mixed-methods

approach to generate different, but complementary knowledge about users’ views

from qualitative findings, and predictors and patterns of behaviour from quantitative

findings.

2.4.1. Eligibility criteria

Eligible studies had to explore factors that influence uptake or engagement with

health and wellbeing smartphone apps among adults. Table 1 summarises the

inclusion/exclusion criteria.

Table 1. List of inclusion/exclusion criteria.

Inclusion criteria

Exclusion criteria

Participants

Adults aged 18 and over. Studies including
individuals aged 16 and over were included if at
least 70% of the participants were 18 or over.

Apps targeting health
professionals.

Intervention/ Studies investigating digital interventions using Studies where the
context smartphone health and wellbeing apps on the smartphone was not the
following behaviours and outcome: smoking, alcohol  primary intervention
consumption, physical activity, diet and mental component.
health and wellbeing.
Outcomes Qualitative: Findings described as facilitators, Usability and user-testing
barriers, determinants of uptake or engagement with  studies, where
health or wellbeing apps (either already existing or functionality and app
planned to be developed), including perceptions, design were exclusively
beliefs, experiences, interest, etc. of the investigated for specific
participants. apps.
Quantitative: Uptake, measured as number of
downloads; engagement measured as number of
logins, frequency of use or any other relevant
measure that tracks user engagement.
Study design All study designs were included. Not applicable.
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2.4.2. Search strategy

2.4.2.1. Electronic search

A systematic literature search was developed in consultation with a specialist
librarian from the University of East Anglia and a senior information scientist from
PHE. An iterative process helped to define the final search terms while ensuring a
balance between sensitivity and specificity. A systematic literature search was
performed in eight electronic databases: MEDLINE, Embase, CINAHL, PsycINFO,
Scopus, Cochrane Library database, DBLP and ACM Digital library. The databases
were searched with no data limit, no publication or geographical restriction, but
limited to English language. Synonyms of three concepts were searched: (mhealth)
AND (behaviour change) AND (uptake or engagement) (see Appendix 4 for
MEDLINE search strategy). The electronic search was performed in November 2018
initially and it was updated in August 2019.

2.4.2.2. Searching for other resources

Additionally, the search also included a manual search in key journals, such as
‘Journal of Medical Internet Research’ (JMIR) and ‘Computers in Human Behaviour’,
and in Google Scholar. Reference lists of all included studies were hand searched
for additional studies. The search for grey literature included dissertations and
theses, as well as unpublished research data and material sought from government
bodies and policy makers during stakeholder communication (PHE, NHS in
England).

2.4.3. Identification of studies

All records identified by the search strategy were exported to Endnote X9 and
deduplicated. To reduce the likelihood of reviewer selection bias and to assess how
reliably the study eligibility criteria were applied, a subsample (10%) of records were
additionally screened by FN during the title and abstract screening. Inter-rater
reliability based on the number of eligible and ineligible studies was tested using
Cohen’s Kappa statistics (106), with the following cut-offs being used: 0.41-0.60 to
indicate moderate agreement, 0.61-0.80 substantial agreement and 0.81-0.99
almost perfect agreement (106). The full texts of potentially eligible studies were
independently screened by the lead author with 20% randomly selected and double

screened by FN. The exclusions of the studies were justified and recorded.
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2.4.4. Data extraction

A data extraction proforma was developed by the lead author following the existing
Cochrane guidelines (107) and the subsequent data were extracted: study
characteristics (author, date of publication, sample size and type, location of the
study, type of the app investigated in the study, aim of the study, methodological
characteristics (design, data collection, participants), main findings related to the
research question of this systematic review (including participants’ quotations and
authors’ interpretations in the qualitative studies and reported results of the
guantitative studies) and conclusion of each study. The data extraction was

performed by the lead author and was checked for accuracy by FN.
2.4.5. Quality assessment

To assess the quality of the studies, critical appraisal was conducted using the latest
version of the Mixed Methods Appraisal Tool (MMAT) (108). MMAT is a unique tool
(108) that was developed by pooling together the core relevant methodological
criteria found in different well-known and widely used qualitative and quantitative
critical appraisal tools (109-111).

The quality of all studies was assessed by the lead author and checked for accuracy
by FN and AJ. The tool is not intended to score the studies or to exclude papers, but

to offer a guide of how to interpret findings (108).
2.4.6. Data synthesis and analysis

Integrative synthesis was applied to analyse the data (112, 113). The focus of the
synthesis was on interpreting the data using specific concepts of the TDF as a
deductive coding framework which, for ease of interpretation, is summarised under
the components of the COM-B model. Using the integrated approach, the data were
pooled together by findings viewed as answering the same research questions,

rather than by methods (e.g. quantitative vs qualitative) (112, 113).

Deductive thematic synthesis, a methodology designed to enhance the transparency
of synthesising qualitative data (114), was used to conduct the data synthesis of the
findings of the qualitative studies and the qualitative component of the mixed-
methods studies. Using line-by-line coding, the findings were coded deductively into
the domains of the TDF. The coding was conducted by the lead author, and a
randomly selected 10% of the coding was checked for accuracy by FN. Regular
coding meetings took place to maintain consistency. Expert opinion of an

independent researcher with extensive experience in systematic reviewing was

32



sought on data synthesis. The integrative approach includes interpretation of the
quantitative findings by ‘qualitizing’ (113), which refers to the textual interpretation of
the findings of the quantitative studies (regardless of the interpretation of the author)
so they can be combined narratively with the qualitative data (113).

2.5. Results

2.5.1. Included studies

A total of 7633 studies were initially retrieved, with a further six identified through
manual search and reference check. An additional unpublished research report was
received from stakeholders as part of grey literature searching process. No non-
English papers were identified. A total of 2138 duplicates were removed. Further
5429 studies were excluded based on the review of their titles and abstracts (Figure
4).
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Figure 4. PRISMA flowchart illustrating the inclusion and exclusion of the studies

(105).
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During title and abstract screening ‘substantial’ agreement was achieved between
the two independent reviewers (Kappa = 0.63) (106). There were two types of
disagreements identified (one reviewer included studies that targeted app use in
conjunction with a connected device, and purely user research studies) that limited
agreement between the reviewers during the selection process, which were
resolved through discussion and with the consultation with a co-author. After
disagreements were resolved and the eligibility criteria updated accordingly,
seventy-three studies were identified as potentially meeting the inclusion criteria. All
remaining titles and abstracts of records were assessed by the lead author. From
these, 41 studies were included in the review (52, 115-154), out of which thirteen
were quantitative (119, 120, 122, 127, 131, 133, 140, 142, 145, 153-156), seven
were mixed-methods (116, 125, 136, 139, 147, 151, 157) and twenty-one were
qualitative studies (52, 115, 117, 118, 123-125, 128-130, 132, 134, 135, 137, 138,
143, 144, 146, 148, 149, 152).

2.5.2. Description of included studies

The study characteristics are summarised in Appendix 5. The end users of the
studies were described as the general public (52, 115, 117, 120, 122, 124, 125, 128-
132, 134-136, 142, 148, 149, 152, 153), college students (126), existing app users
(116, 124, 127, 133, 140, 144, 147, 154, 155), male workers of male-dominated
industry (137), LBGTQ+ communities (118), rural communities (135), Asian ethnic
minorities (119), pregnant women (157), patients in primary care (123, 138, 151),
adult cancer survivors (139), adults with diabetes (135), those infected with HIV
(156), those with chronic disease (145) and bipolar disorder (146). The focus of
some studies was very specific and targeted a certain health behaviour or condition,
including alcohol reduction (52, 116, 124, 132, 136, 156), smoking cessation (52,
118, 144, 149, 154), increasing physical activity (117, 123, 126, 127, 131, 139, 142,
145), weight management (125, 126, 129, 131, 140, 142, 143, 147, 148),
depression (130, 138), mindfulness (128), diabetes management (135) and health
management in pregnancy (157). Other studies were less specific and targeted a
more general mental health app (137, 146, 155), and a more general health app
(115, 119, 120, 122, 133, 134, 151-153). Fifteen studies were investigating factors
influencing one particular app (116, 117, 123, 124, 127, 128, 132, 133, 140, 143,
144, 147, 149, 154, 155). The remaining twenty-seven studies examined users’
perceptions of a wide range of apps or of a hypothetical app not yet developed.
The studies were published between 2011 and 2019 and were carried out in
Australia (115, 127, 137, 138, 147), Belgium (146), Canada (118, 129, 133, 144),
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China (145, 153, 157), Czech Republic (142), Ireland (123), Italy (117), New
Zealand (125), Norway (152), Sweden (130), the United Kingdom (52, 116, 124,
128, 132, 136, 139, 143, 148, 149, 151), and the United States (119, 120, 122, 126,
131, 134, 135, 140, 154-156).

2.5.3. Quality assessment of the studies included

Based on the MMAT (108) the majority of the studies employing qualitative
methodology were deemed to be of high quality. Concerns related to the sample
were identified across many quantitative studies. This included issues around
sampling, lack of clarity as to whether the groups were comparable at baseline or
whether the sample was representative for the general population. In four non-
randomised studies confounders were not accounted for by the design and analysis.
Two out of seven mixed-methods studies were judged to be of low quality, out of
which one is an unpublished report (grey literature) and the other one is a published
short report. See Appendix 6 for details of quality assessment for each study.

2.5.4. Data analysis and thematic synthesis

While not all the studies presented data for all the aspects of this review, all studies
presented some data that could be included in the synthesis. Evidence that was
considered weakly explained, or was judged to be unclear, was not included in the
summary of findings. An overview of the identified factors, the level of influence
(uptake, engagement or both) along with a brief description of each factor can be
found in Table 2. Examples of supporting evidence are provided in the form of

quotes.
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Table 2. Factors identified in the systematic review.

COM-B component and Identified factor (source)* U E Short description of the factor
TDF construct or B*
Physical capability
TDF construct: Skills
App literacy (124 128,135, 138, B Technological competency
142)
Psychological capability
TDF construct: Knowledge
App awareness (132,134,135, Knowledge of the existence of
138, 152) health and wellbeing apps
User guidance (115 117,124, B Instructions on how to
128,136, 149) effectively use the app
Health Information (2. 125, E Educational information
129, 131, 182, 134, 135, 139, 146, 147, related to health and wellbeing
149, 152) aspects
Statistical information (115 E A visual or numerical summary

117, 124, 130, 132, 135, 143, 144, 148,
149, 152)

of progress

TDF construct: Memory, attention, and decision processes

Well-designed reminders
(52, 115-118, 124, 126, 129, 130, 132,

134, 135, 139, 143, 144, 146-148, 155)

Less cognitive load 52 115,
117, 124, 126, 128, 129, 132, 134, 135,

137, 143, 146, 148, 149, 152)

Coping games (118,137,144,
149)

TDF construct: Behavioural regulation

Self-monitoring (115118, 123,
126, 129, 130, 133, 135-137)

Established routines (116.
126, 128, 132, 143)

Safety netting (115 138143,
157)

E

E

E

The ability to customize
reminders

The app is not too time
consuming, easy to use, and
requires minimal input
Distraction activities within the
app

The ability of the app to help
self-regulation of the target
behaviour

Regularity in using the app

Retaining the app for a
potential precipitating event in
the future

Physical opportunity

TDF construct: Environmental context and resources

Availability accessibility 115
118, 123, 127, 130, 135, 147, 149)

LOW cost (115, 118, 125, 126, 134,
145, 149, 151)

Interactive and positive
tone (52, 124, 129, 135-137, 146, 148,
149)

Personalisation to needs
(115, 116, 118, 125, 128, 130, 134, 135,
137-139, 146-149, 152)

U

u

The ability to use a
smartphone anytime anywhere
The price of the app

Encouraging communication
style

The possibility to use an app
that is tailored to a user’s
needs

*Studies where the factors were identified; **U, E or B: uptake, engagement, or both.
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Table 2. (Continued) Factors identified in the systematic review.

COM-B component and Identified factor (source)* U E Short description of the factor
TDF construct or B**
Social opportunity
TDF construct: Social influences
Recommendations (2 134 U Suggestions received from
135, 138, 151) other users
Health practitioner support  E Possibility to get in touch with
(115, 118, 129, 130, 135, 136, 139, 144, health professionals and
146, 149, 157) practitioners within the app
Community networking 15 E Social interaction with users
117,118, 125,134, 136, 139, 143, 144, with similar needs within the
146, 148, 149, 152, 157) app or within their community
Social media (2 117,118,126, | A choice to connect to social
132, 134, 138, 143, 144, 147-149, 152) media platforms
Social competition (15 117, E Competitive nature of the app
126,134,136, 143, 144) with others or with themselves
Personification of the app E Applying human attributes to
(117, 123, 125, 126, 128, 134) the app
Automatic motivation
TDF construct: Reinforcement
Feedback (62 115,117,123-126, | Feedback regarding the user’s
129, 130, 132, 134, 139, 144, 149) performance
Rewards (52 115,118,123, 124, E Tangible and intangible reward
134-136, 143, 146, 148, 152) in response to the user’s effort
TDF construct: Emotions
Curiosity (116,130, 132, 138) u Desire to acquire knowledge
and skills to use a behaviour
change tool
Reflective motivation
TDF construct: Goals
Goal setting (52 116,117,123, E Establishing what the user
126, 129, 132, 134, 136, 143, 148, 151) WOUId |Ike to accomp“sh
TDF construct: Beliefs about consequences
Perceived utility of theapp E Discrepancy of what the users

(115, 124, 130, 136, 138, 151)

are looking for and what the
app offers

Note. *Studies where the factors were identified; **U, E or B: uptake, engagement, or both.
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2.5.5. Physical Capability

2.5.5.1. TDF domain: Skills

Skills refer to one’s ability to perform an action, and include constructs such as
competencies, interpersonal skills, skill development and practice. App literacy (124,
128, 135, 138, 142), defined as technological competency to use a smartphone app,
was reported by participants as being of high importance for both uptake and
engagement. A basic level of app literacy is required to be able to download and
initiate engagement with an app, whilst adequate app literacy skills would enhance

users’ intentions to engage with an app (124, 128).

17

‘I'd be happy to do it if | knew how to do it [but] | don’t know how to download
apps...I need help with technology. Like, I'm 58 and | didn’t grow up in a
technological age and so do find that | lack confidence with technology.” (138)

“I've never used it [these apps] because | never got it to work the way | wanted
it to.” (135)

In a cross-sectional study, advanced app literacy was associated with the increased
use of the social functions of an app, such as networking, but not with the functions
that target action planning and goal management (142). This suggests that app
literacy might be an important aspect for successful uptake, but this alone might not
be enough to maintain engagement. In contrast, users have reported that lack of
app literacy skills could trigger negative emotions towards themselves (e.g. self-
blame, disappointment of not being able to use an app) (124, 128, 138), and could

contribute to their perceived low self-confidence in using technology (138).
2.5.6. Psychological Capability

2.5.6.1. TDF domain: Knowledge

There were multiple factors identified under the TDF domain that covers rational,
procedural and other types of knowledge, information and awareness of the
existence of something. App awareness (132, 134, 135, 138, 152), such as
information on the existence of health and wellbeing apps, would positively influence

uptake of health and wellbeing smartphone apps.
“l didn’t realize that they had an app.” (135)

It was suggested that many participants were not aware of the availability of such
tools, and some found the disorganised nature of the commercial app stores

confusing, and represented a barrier for uptake (138).
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User guidance (115, 117, 124, 128, 136, 149), namely instructions on how to
effectively use an app, such as how to create achievable goals, influenced uptake
and initial engagement. It was proposed that by having a guide on how to use an
app could positively affect the users’ intention to be engaged with it, and hence

users might be able to better regulate their behaviour (124, 136).

“l want something to tell me ‘Do number 1 first, then number 2. When you’ve
done this go here” so | don’t have to think too much about it. Once I've got it

up and running, I'm fine.”” (124)

However, the presence of a guide was reported off-putting and unnecessary for
long-term engagement by producing negative emotions (e.g. annoyance) once the

knowledge regarding app functionality has been gathered (136).

"Just at the beginning of the app, when you’ve downloaded it and you’re using
it for the first time, it should tell you what to do. But not every time. You don't
need guidance how to use it and where things are, because | think it would

just be annoying." (136)

Available health information within the app was perceived by users as beneficial and
positively influenced their engagement in several studies (52, 125, 129, 131, 132,
134, 135, 139, 144, 146, 147, 149, 152).

It is] important and really helps me to learn about bipolar disorder and read
about stuff’. (144)

“l... enjoy learning something new. It’s quite informative and makes you think
about what you’re doing. [QG] helps you to understand a bit more about

what’s going on...what could go wrong by continuing [to smoke].” (149)

Depending on the target behaviour, end users wished to: 1) access advice on
exercise routines (117, 134, 139, 143); 2) seek nutritional education (117, 129, 134,
135, 143, 147); 3) widen their knowledge of health consequences (52, 144, 149); 4)
find out more about healthy living whilst living with a medical condition (139, 157); 5)
know more about the condition they are living with (146, 152, 157); 6) improve their
health literacy (152); 7) demystify myths (149); 8) receive health news updates, such
as on smoking taxes and bans (149); 9) better understand alcohol units (UK) (132).

However, the quality of information was identified as potentially affecting
engagement (149). Some users wanted a credible source, a trustworthy and
evidence-based guide with references to the information they receive (139, 147,
157).
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“Il personally am scared of getting lymphedema, and still don’t know
sometimes what exercises are good to prevent it, so | think that maybe
educating people about [...] consequences of not exercising from a really
good NHS source would be helpful.” (139)

Health information that focuses on negative aspects of the past behaviour that
cannot be modified (e.g. smoking or alcohol consumption) would trigger negative
emotions (e.g. regrets) (52). It was suggested that better quality of information would
increase the likelihood of maintaining users’ engagement with an app and
consequently they would better self-monitor their behaviour (134, 144). This could
be achieved by providing a wide range of information that everyone could relate to

rather than facts that are already known (149).

“I think everyone has heard that information many times. It’s actually quite
patronizing...shallow stuff, not hard-hitting useful facts. It obviously isn’t a
tailored app to each person, but it gives enough information that each person
can relate to it in a tailored way. I find it really engaging, | suppose that’s why |
stuck with it.” (149)

For example, one qualitative study suggested the use of health quizzes to promote
engagement (152). Health quizzes were also found promising by a large study that
evaluated the uptake of a loyalty points-based health app conducted in Canada
(133). One of the intermediate objectives of that study was to improve the Canadian
population’s health literacy by using health information related to quizzes. The app
usage data included quiz completion rates, and the results showed that 60% of the
users were highly engaged with the app by having more than 75% of health quizzes
completed. Furthermore, better health literacy might enhance beliefs about
consequences (e.g. health outcome expectancies) (144, 149) and the users’
intention to stay engaged with an app and subsequently with the behaviour they
target to change (149, 152). Mackert and colleagues also found that adequate
health literacy was associated with increased engagement with fithess and nutrition
apps (131).

Users valued available statistical information (115-117, 124, 130, 132, 135, 143,
144, 148, 149, 152) that was a visual or numerical summary of progress or a trend
in their behaviour. This included features like step counting (148, 152), the number
of calories consumed (132, 148), number of days spent abstinent from smoking
(144), the amount of money saved by quitting smoking (149) or by reducing drinking

(132), a trend in their alcohol consumption and how is it changing over time (116,
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124, 132), as well a way to allow analysis of user data (115, 152). Being able to
check their progress helped users better monitor their behaviour (115-117, 148,
149) and for some individuals, a positive trajectory acted as a behavioural
reinforcement (124, 144).

“I like the numbers. 1 like to track stuff and have some figures behind it rather
than just like, oh, I'll go for a run today. I'll be like, well, I'll go for a run today
but what’s my time from last time and how can | beat it? And | think that’s why
this kind of app appeals to me. If | just put the drinks in and it just said you’re
drinking too much but didn’t give any numbers behind it, I'd probably delete it
within a few days.” (116)

“It was like a visual of my day of smoking. And every day, you’'d look at it, it
went down and down and down, like it got better every day. So, it was like a

motivational thing to just look, like positive reinforcement.” (144)

In two studies, participants reported that a lack of visual representation of progress
led to disengagement with the alcohol reduction app (116, 124), and one study on
smoking cessation reported negative emotions associated with progress viewing

during ‘a few bad days’, suggesting discouragement (144).

“I couldn’t find any graph that’s reflected the mood so therefore | didn’t see the

point of having to fill that part out and / stopped filling it out.” (124)

“If you're having a bad day or a couple of bad days, seeing it on [the app] as a
reflection [of your bad days] just like kicks you in the face even more, you
know?” (144)

2.5.6.2. TDF domain: Memory, Attention and Decision Processes

This domain focuses on the ability to retain and select information, including aspects
of attention, memory, decision making and cognitive overload. Reminders (52, 115-
118, 124, 126, 129, 130, 132, 134, 135, 139, 143, 144, 146-148, 155) to engage
with an app were reported as being useful for people with busy schedules, and for
those who tend to forget engaging with the app and, therefore, with the target
behaviour (115, 117, 134, 144, 155). Individuals described being inclined to check
their phones when receiving a notification (115, 116, 118). Reminders positively
affected behavioural regulation by prompting engagement with self-monitoring and
the tracking features of the app (115, 117, 118, 129, 132, 139, 144, 146-148), as
well as reinforcing the users by reminding them about their positive progress (118,
126, 129).
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“I found it was almost like having my girlfriend there, in a good way. So you’re
like, oh I haven’t done this in two days, | didn’t even realize, but my phone just

reminded me. Better keep it going.” (144)

A micro-randomised trial found that a push notification that contained a tailored
health message resulted in a small increase in the engagement with a health app
(155). A large study conducted on engagement with a weight loss app found that
16% of the most engaged group used reminders, compared to 1% of the least
engaged group (140). However, not all users found reminders useful (52, 115, 117,
129, 134, 135, 143). In the case of behaviours that are associated with stigma (e.g.
alcohol consumption), reminders would threaten the users’ social identity when

these are received at an inappropriate time or wrong place (116, 124, 132).

“I think because they were just pinging... and | was just thinking, | don’t really
want to read this right now. Obviously, and | don’t know whether they do but |
guess most people check their phone when something pings in and you can
be with your friends and actually maybe you wouldn’t want to be saying to

your friends, I've just got a notification from Drinkaware”. (116)

Therefore, the timing of when the reminders were sent, as well as the language
used, appeared to be important conditions. If these conditions were not met, users
were more likely to turn the notifications off (115, 116, 144) or ignore them (134,
143, 144).

“I completely ignored them [notifications]. Actually, I'm pretty sure | had the
notifications that were from the app all turned off. It just felt like a pop up, like
another thing for me to click close on throughout the day. | completely paid no
attention to it.” (144)

Regarding attention and decision processes, the findings of the studies included in
the review proposed that cognitive overload should be avoided to maintain
engagement with an app. An app that is less time-consuming, requires minimal
input, is easy to use and log into was preferred (52, 115, 117, 124, 126, 128, 129,
132, 134, 135, 137, 143, 146, 148, 149, 152).

“I really loved it [Couch to 5K], there was no excessive login, it was really easy
you just downloaded and start you have to have your email, no password, no
nothing like that, they don’t send you a bunch emails that annoy the crap out
of me. Nothing.” (126)
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Additional functions that decrease the time spent on a task using an app were highly
appreciated (115, 117, 126, 128, 132, 134, 148, 149, 152). The automatization of
data collection, for example, by linking apps to wearables (115) or by using the
camera function for scanning the barcodes to input calories (148) was found
particularly useful for physical activity and weight management apps. An app that is
easy to use and does not require extra effort would increase the intention to engage
with it (117, 124, 126, 132, 134, 135, 151), and would improve users’ self-monitoring
and self-management strategies (126, 129, 143, 152). Conversely, using a difficult
and time-consuming app would affect the users' perceived competence in engaging
with it (128).

“What I'm thinking is, this better be easy, because otherwise I'm probably not
going to do it. If there are too many obstacles in the way | won’t. Even though |

know I need to do this, | probably won't.” (124)

Such an app often would be deleted or replaced with another one that is perceived
to be easier to use (124, 126, 134, 143, 148). Only one study found that users who
are highly committed to change behaviour (in this case to reduce alcohol
consumption) would be willing to overcome this barrier (132).

Including coping games (118, 137, 144, 149) as distraction activities was suggested
as a helpful way to cope with cravings (smoking) (118, 144, 149) or with distress
(137). Some users indicated that by using their hands and minds, they expected to
be preoccupied, instead of engaging with the undesirable behaviour, while keeping
them engaged with the app itself.

“If there was a bunch of games on the app that were there to distract you from
smoking, (you could) go play five minutes of a quick game instead of
smoking.” (118)

“Maybe if they had prior to like some type of like a mini game or something in
there that would keep the mind occupied rather than telling you, ‘Don't
smoke.”” (149)

2.5.6.3. TDF domain: Behavioural Regulation

Behavioural regulation refers to managing, monitoring or changing actions or
behaviour. Self-monitoring, the ability of an app to help monitor and regulate the
target behaviour (116-118, 123, 126, 129, 130, 133, 135-137), was found to be
important to support behaviour change. A self-monitoring feature was able to raise

awareness on the number of cigarettes smoked (52, 118), the amount of alcohol
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consumed (52), the number of steps they made (123), the mood they have (137), or
on users’ calorie intake (126, 134).

“You get a chance to see what you do on a daily basis, something you’re

probably not aware of.” (134)

It also enhanced users’ intention to engage with an app (52, 129, 130), provided
‘self-reinforcement’ (130), helped increase self-efficacy (134, 138, 148), and evoked

feelings of ‘control, security, health, empowerment and autonomy’ (132).

“Because | can see I'm getting better, | use the app now, but | can see myself

in the future not having to use it. Kind of like a stepping stone | guess.” (148)

An established routine or regularly using an app (116, 126, 128, 132, 143) positively

affected the intention to engage with an app (128) and to maintain the engagement.

“Because I've got a couple of other little apps that | look at on a daily, not all
apps, but a little regime of four or five, you know, | check the weather and |
look at my drink app, and various things like that, a little routine, so pretty
much daily.” (116)

Further, safety netting (115, 138, 143, 157) defined as the ability of an app to
provide ‘aftercare’ (143), and an option to retain an app for a potential precipitating
event in the future and for relapse prevention, was found useful to maintain the

behaviour, even when the target behaviour has been achieved.

“l think the migraine one's probably outlived its usefulness for me, but the back
pain one, | could still go back to that at any time. If | started to need to monitor
my pain again in a systematic way, I'd still go back to it.” (115)

2.5.7. Physical Opportunity

2.5.7.1. TDF domain: Environmental Context and Resources

This domain refers to the circumstances of an individual’s situation or environment
that positively or negatively affects the uptake of or engagement with health and
wellbeing smartphone apps. Availability and accessibility of a smartphone (115, 118,
123, 127, 130, 135, 147, 149) facilitates both uptake and engagement by having a

behaviour change device in close proximity.

“It was really easy you just put it in your pocket and off you go and... you

could do it at your own pace.” (123)
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Although a smartphone or tablet enhances portability and accessibility of health
apps, the development of an accompanied website was suggested to reduce the
inequality for those who might not have the opportunity to own a smartphone (118).

“I feel like there would need to be a website equivalent with it (for) people who
don’t have access to smartphones but do have access to public libraries. A lot
of smokers are LGBTQ, and a lot of LGBTQ are in poverty and homeless. The
people that you want to access might not be able to access the program.”
(118)

Furthermore, the results of a digital behaviour change intervention study examining
engagement and non-usage attrition with a physical activity programme suggested
that when the app was used together with the accompanying website, a higher
engagement rate was observed versus those who used the app only or the web only

versions (127).

The low cost of an app was found to be an influential factor for uptake (115, 118,
125, 126, 134, 145, 149, 151), so that low income individuals would be able to afford
them (125).

“I wouldn’t pay money for an app. | think that’s kinda stupid.“ (126)

In a questionnaire study in China, one of the top barriers of using a health app was
the extra cost, having a total of 83% of patients reporting that they would not be
willing to pay for a health app (145). Nevertheless, a few participants expressed
their willingness to pay a small extra fee (i.e. under $5) if this way they would unlock
unique features otherwise not available with the free version (115, 126, 134, 151).

“I'm prepared to pay for applications. As well as being in the software industry,
| understand that it's people's livelihoods are attached to this. | use some free
applications, but I often will pay for the upgraded or the purchased option.”
(115)

Numerous studies found that interactivity and positivity of tone may be efficacious
for engagement, especially when attempting to change behaviours associated with
self-blame (e.g. weight management) (52, 124, 129, 135-137, 146, 148, 149). Three
studies provided evidence that an encouraging rather than condescending tone was
important (52, 124, 146).

“l had a chocolate bar today and It would say, this chocolate bar contained this

much saturated fat and... | just feel really guilty now.” (148)
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Evidence from one study suggested shame should be avoided and praise
emphasised (129), and another study provided evidence that a relaxed tone may be
beneficial and may include jokes (124). Several studies suggested that demanding
or annoying language would be ignored (52, 135, 136), although a study of nutrition
apps reported the occasional need for a tougher attitude to achieve goals (129).

“I think I'm more likely to listen to practical advice rather than finger

wagging...” (52)

“l just see it as a way to help me monitor what I’'m doing and maybe give me a
little kick in the pants every now again to be like, ‘By the way, that donut had

five hundred calories in it. Maybe make a better choice at dinner.”” (129)

Nevertheless, careful selection of the terminology used to understand the app and
what it does, such as using simple and clear language, was suggested to make a
noteworthy difference in the effectiveness of the content (137, 149). Terminology
around certain behaviours might make a difference. For example, it was reported
that using ‘non-smoker’ label as opposed to an ‘ex-smoker’ label would increase
people’s self-confidence (149). It was suggested that unsupportive language would
evoke negative emotions (e.g. guilt, regret) and that would affect the intention to
engage with an app (124, 136, 148).

A personalised app was highly valued for engagement (115, 116, 118, 125, 128,
130, 134, 135, 137-139, 146-149, 152). Users would want to have control over the
app (136, 143, 146). They would like to switch off features they do not use (115),
use external incentives, such as uploaded photos or quotes (143, 144), to
personalise their goal and how to achieve it (118).

“The more | would be able to manipulate the app to be and do what | wanted

or needed, for my own circumstances, the more likely | am to use it.” (136)

Users would also like to choose a level at which to start using a particular app. For
example, a more experienced user would want to have the possibility to start a
mindfulness practice at the intermediate level rather than at the beginner level (128).
Users were seeking to receive more personalised information about their current
behavioural habits, demographic characteristics, long term effect of the current
behaviour (116, 134, 137, 147), and recommendations based on their tracked data

(135). Personalisation can be extended to their identity as well.

“It must be very personalized, it's easy to find things on the Internet, but it's

mostly for normal people.” (152)
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Participants were looking for an app that is tailored to their culture and social
identity, such as LGBTQ+ people or cancer survivors, or other patients, who are
predisposed to have other struggles and mental health issues (118).

“Assuming that it’s customised to LGBTQ (and) it incorporates the kinds of
struggles that we’ve lived through, it wouldn’t be any average quit-smoking
app. The fact that it’s specific to a community... the fact that it's LGBTQ-

specific, that would help us more than if it was just a general quit-smoking
app.” (118)

Personalisation to users’ needs and preferences suggested better engagement (52,
136, 138), while lack of flexibility in content was found to be a reason for stopping
engagement (130), and in some cases created frustration (148). Furthermore, a
large study found that 30% of the most frequently engaged group customised the

app more, for example, uploaded pictures, than the least engaged group (2%) (140).
2.5.8. Social Opportunity

2.5.8.1. TDF domain: Social Influences

Social influences are interpersonal influences (received from other individuals) that
could impact on the individual’s behaviours, decisions, thoughts and feelings. In five
studies, recommendations to use an app (52, 134, 135, 138, 151), received from
health care practitioners or trusted providers (135, 138, 151), friends and families
(134, 137, 151), or by reading user reviews (52, 134, 151), positively affected the
uptake of health and wellbeing apps.

“I'd rather ask a counsellor or a doctor what they would recommend.” (138)
“Most of mine [my apps] are friend recommendations, people with similar
activities.” (134)

“...if an app has a good rating, despite the one or two people who are not

satisfied, | think it would mean that it works for the majority of people.” (52)

Connections between an app and health practitioner support were highly valued
(115, 118, 129, 130, 135, 136, 139, 144, 146, 149, 157). Participants reported that
counselling services should be linked to an app (118, 144, 146), such as an
‘emergency button’ feature (146), while others have emphasised the importance to

link an app to their health care provider (115, 139).

“It would help in times of crisis to be able to be in touch with a professional, or

if | needed to ask health questions related to alcoholism.” (136)
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“l want to let others know when I’'m not well, the app would help me.” (146)

“The therapist helped me to find my motivation every now and then, and then |
was on top of it for about a week or so, and eventually the application sort of
became a part of my everyday life. Then it was pretty obvious that | would use
it and then | didn't even think about whether it was hard to use it, | just did it.”
(130)

Health practitioner support could i) help overcome potential barriers caused by lack
of skills, such as app literacy (130), ii) enhance self-monitoring (130, 139) and iii) act
as reinforcement (130), having the potential to enhance intentions to engage with
the app (130, 139, 149). In one study, health practitioner support was suggested as

being the most important factor for continuous engagement (158).

“The therapist helped me to find my motivation every now and then, and then |
was on top of it for about a week or so, and eventually the application sort of
became a part of my everyday life. Then it was pretty obvious that | would use
it and then | didn't even think about whether it was hard to use it, / just did it.”
(130)

The possibility for community networking within apps with other users or other
people with similar needs was identified in multiple studies (115, 117, 118, 125, 134,
136, 139, 143, 144, 146, 148, 149, 152, 157). It was considered important social
support by reinforcing behaviour change (125, 134, 136, 139, 146, 149, 157) and by
sharing knowledge and experiences (115, 146, 152, 157). This was found to
increase their intention to engage with the app and subsequently, the behaviour
(139).

“It is so important to get in touch with people who went through the same thing
as you have. [...] | think that if an app for cancer survivors had a forum on it as

a part of the application to motivate each other, that would be amazing.” (139)

“l don't think | would share on the social media, but within the app community |

think it is important to like inspire and be motivated by others.” (143)

A large study found that the most engaged group had a mean number of 24 friends
within the app, as opposed to the least engaged group (one friend) (140). The users’
potential social role or group identity, and personal preference should be taken into
consideration. For instance, individuals from the LGBTQ+ community (118) and
cancer survivors (139), would wish to interact with people who face similar

challenges.
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“It is so important to get in touch with people who went through the same thing
as you have. [...] | think that if an app for cancer survivors had a forum on it as

a part of the application to motivate each other, that would be amazing.” (139)

Also, some users would not want to share information with strangers due to fear of
social comparison (117, 136) or social stigma (132), while others were more open to

connecting with strangers rather than with friends or family (134).

“I don't think | would share on the social media, but within the app community |

think it is important to like inspire and be motivated by others.” (143)

“So, having some sort of platform where everyone can just say, This is how |
stopped’ or This is how I'm trying to stop’ and then other people giving

feedback saying, This is good’ or, This is not’.” (149)

“Being able to exchange feedback with strangers with the same goal could be
supportive but non-judgemental as you will probably not know the other
users.” (136)

Evidence for the importance of embedded social media for engagement was mixed
(52,117,118, 126, 132, 134, 138, 143, 144, 147-149, 152, 158). It largely depends
on the individual’s attitude towards these channels and as well as on the target
behaviour. Some users found this reinforcing (118, 138, 148, 152), while others did
not want to engage with such features due to social stigma (e.g. smoking, alcohol
consumption or weight management) (52, 117, 126, 132, 134, 144, 149).

“Integrating it with the social media is definitely a great thing to do because
they can always fall back to Facebook, Twitter, etc. And through this, people
can get to share their experiences and keep an update and tell whatever

experiences they may have to share. So, it’s like ongoing support.” (118)

“Yeah, you can share on Facebook and stuff, but | hate that. | hate when apps
sync to like every form of social media. I'm like really weird about social

media, so, no | don’t want to share it.” (126)
“Don't want to share progress on social media in case you fail.” (149)

Social competition (115, 117, 126, 134, 136, 143, 144) includes the possibility for
individuals to compete with themselves (i.e. their previous achievements or breaking

their own records), or with others app users.
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“Whenever we do a weekend challenge, you always have a look at what the
other person's doing and [their] competitive side. | just want to beat the other

people | see on there, so [using the app] is quite a good motivator.” (115)

“It made me want to exercise more just, as like, kinda like, a competition to
see how many calories because it takes your calories off whenever you

exercise so I'm like let’s see how many | can get off this time.” (126)

Five studies suggest that the reinforcing nature of social competitions might
increase the intention to engage with an app (115, 126, 134, 136, 143). The
increased engagement was anticipated when the competition is based on support
by receiving encouragement from others (117, 144), rather than on defeating each

other, which might prompt discouragement to use the app (144).

“Someone who’s successful and quit smoking isn’t any better than someone
that’s struggling with it. Like, no, | didn’t-1 don't like that aspect... it just makes
someone feel bad.” (144)

Several studies described that some participants felt apps can impersonate a little
person (117, 123, 125, 126, 128, 134) which increased the intention to use the app
(123, 126, 128).

“It’s like a fittle boss in my pocket’ ... that’s sort of saying “you know you need
to get out and do this”.” (123)

“It’s like your own little motivator, in a way. And it definitely, it’s like, okay it's
like a little person, but it doesn’t talk, but it’s like, you shouldn’t eat that, or it’s
like you should. So, I don’t know it’s, I like it—I mean, I think it’s cool. It’s like

my own little motivation.” (126)

It was also suggested that if the app is too impersonal, it would not offer the social
support the users need (125). In contrast, in two studies the participants were

concerned about having a machine telling them what to do (125, 134).
“I don’t want an electronic device telling me what to do.” (134)

Finally, personal experience related to noncommunicable diseases might increase
the chances of the uptake of apps. One study conducted on Latino and Asian
subgroups in the US found that the odds of downloading a health app was twice as
high for those who had a family history of heart attack (OR 2.02, 95% CI 1.16-3.51),

compared to those who have not (119).
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2.5.9. Automatic motivation

2.5.9.1. TDF domain: Reinforcement

Reinforcement is a process or action of encouragement of a pattern of behaviour.
Users reported better engagement when positive feedback was received (52, 115,
117, 123-126, 129, 130, 132, 134, 139, 144, 149).

“I liked how it gave notifications, like every day I've got a notification saying;
You're on day four of your smoking quitting history. You could do this, don’t

give up. Stay loyal and stuff like that. That was quite impressive.” (149)

Visual feedback of progress made users aware of their advancement of reaching
their goal (115, 123, 124), while auditory feedback was seen as encouraging during

physical activity (e.g. running) (115, 126).

“The big green ‘continue’ at the bottom and when it moves on to the next thing
| feel great, I've achieved something, I've filled something in correctly. I like

that. And a nice little noise which made me think, Oh, I'm not an idiot.” (124)

For some, instant feedback on their progress, even if it is of a positive nature, was
perceived to cause pressure and potential disappointment if they were not able to
reach their goal (123, 134).

“The progress | didn’t make—it shows [and thus is demotivating].” (134)

Offering rewards (52, 115, 118, 123, 124, 134-136, 143, 146, 148, 152) was found
to be a useful way to increase engagement. Participants suggested including
gamification elements in apps to enhance engagement (115, 134, 146, 148, 152).
Some users found intangible rewards (e.g. badges) motivating (52, 124, 134, 136,
143, 148)

“Earning badges [was] important when | was doing it...We learned as a kid, to

consider [it] as [an] accomplishment.” (134)

Others would want to receive tangible rewards instead (e.g. free t-shirt, gift cards,
cash, reduction in health insurance or vouchers provided by hospitals or doctor’'s
office) (52, 118, 134, 143).

“Each time you try, you get the points. And if these points can be converted to
something else. Because you know, you’re not really working for the badge
but if the virtual badge can turn into something tangible, | would want that.”
(135)
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“Well, both of them are a kind of ‘well done for doing this’, they’re both a
reward, they both make you feel a bit better. But a badge, it’s a cool fact, but
it’s not the same as having vouchers, where you can go and treat yourself to

something you want.” (136)

This has been partly supported by two quantitative studies. In one study having
health insurance was associated with uptake of, but not with the engagement with,
health apps (120). Another study found that when offering loyalty points,

engagement increased for at least three months (133).

2.5.9.2. TDF domain: Emotions

Emotions, based on previous experiences and behaviour, are a complex reaction by
which people tend to respond to a personally important event or matter. Curiosity
(116, 130, 132, 138) would positively influence uptake of health and wellbeing

smartphone apps.

“It was more like seeing an ad and just, okay | should try this — and then |
found it on the internet and signed up. It was more like a fun thing. We'll see if
it works. More like that.” (130)

However, in two studies, both targeting alcohol consumption reduction, this factor
was only relevant for a specific user type: for those who were characterised as ‘low
risk’ drinkers (116) and ‘noncommitters’ (i.e. users who did not commit to engage

with the app, hence did not gain any benefit from it) of the app (132).
2.5.10. Reflective motivation

2.5.10.1. TDF domain: Goals
Goals are outcomes that an individual would like to achieve in order to change a
certain behaviour. Goal setting (52, 116, 117, 123, 126, 129, 132, 134, 136, 143,

148, 151) was related to sustained engagement with health and wellbeing apps.

“I’'m not good at self-discipline and exercise, so maybe this [goal setting in the

app] can help me get to my goal.” (134)

Some users chose to set a goal and mostly this was only one goal at a time, so their
focus would remain on one single aspect of change of the behaviour, while others
were more reluctant to use this feature due to fears of not being able to achieve their

set goal and to avoid disappointing themselves (116).

“l only set one goal because | was very keen to kind of remain focused on one

thing. I didn’t want to come and get lost in the app using it like a game. You
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know, | wanted to use it for one very specific thing... | think | set it to drink

probably within guidelines.” (116)

“No, it didn’t appeal - probably because | thought if I put some goals in, I'm
probably not going to stick to it, which probably makes me sound a bit
naughty.” (116)

In general, the studies suggest that users were more determined to engage in
behaviour change when they had set goals (123) and believed they had successfully
achieved or could achieve their goals with the help of an app by increasing their
intention to use the app and by better monitoring the target behaviour (52, 126, 132,
134, 136).

“If you set those manageable goals, so you could achieve it, if you feel like
you’re actually progressing, getting something, then you’re more likely to go
back.” (52)

“It would encourage me to open the app on a daily basis.” (136)

2.5.10.2. TDF domain: Beliefs about consequences

This domain includes aspects related to outcome expectancies. Perceived utility of
the app (115, 124, 130, 136, 138, 151) refers to where there is a discrepancy
between what the users are looking for and what an app actually offers. It was
suggested that the unmet expectations of an app would lead to disengagement and

frustration with the app.

“I do have some apps | don't use often, mainly because they've kind of bored
me in a way. I'll just do an example: one fithess app shows you how to lose
weight, but the way it's describing it, it's not what I'm after. It's one of those
free apps | bought that—I thought [the fithess app] would be great, but when

you actually use it, it's not the same.” (115)

“I think that’s where it let itself down for me. Once I’d played with it, once | tried
the game, done the identity and whatnot, there wasn’'t much else there for
me.” (124)

“It [mindfulness app] didn’t add anything...I guess it didn’t detract, it didn’t
make anything worse, but it didn’t add anything to my armoury, | guess, my

tool kit, as keeping myself sane, | suppose, it didn't add.” (138)
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2.5.11. Other factors

There were a number of sociodemographic factors that did not fit clearly under the

components of the COM-B model.

2.5.11.1. Sociodemographic factors

Apps were more frequently downloaded by women than men, with the percentage
ranging from 59% to 74% (116, 119, 127, 131, 133, 140) though one study found
that being male was associated with using an app to manage alcohol consumption
(156). Being less than 44 years old was associated with a higher level of uptake and
engagement (116, 119, 120, 122, 127, 131, 133, 140, 156) than older adults. Living
in an urban area (120, 122, 133), with better education level, such as having high
school education or higher (119, 120, 122, 156) and college degree or higher (119,
131) and having a higher income (122) was also associated with better engagement
with health and wellbeing apps.

2.6. Discussion

2.6.1. Principal findings

This is the first systematic review to conduct a theoretical analysis using the COM-B
model of factors influencing the uptake of, and engagement with, health and
wellbeing apps. Findings from this review suggest that there are 26 key factors
across the constructs of capability, opportunity and motivation that influence the
uptake of, and engagement with, these types of apps, which were found to be
important for a wide range of populations and behaviours.

This review replicates previous findings in the wider literature on digital behaviour
change interventions. The core findings of this review suggest that attention should
be perhaps shifted mainly on the support and guidance offered to new and existing
users of health and wellbeing apps. Furthermore, support and guidance of uptake
can be targeted by increasing their awareness of health apps through, for example,
recommendations received from health practitioners. In line with findings of previous
reviews, help with initial engagement could be achieved by improving the users’ app
literacy skills and by providing knowledge (10, 56). This review presents knowledge
in a novel way by breaking it down to: i) instructions of how to use it (i.e. user
guidance), ii) advice related to the target behaviour or condition (i.e. health
information), and iii) information on their progress or data (i.e. statistical information).

This suggest that allowing user access to different information that serves different
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purposes (e.g. health benefits vs progress data) would enhance their engagement

through different channels, such as guidance, support and education.

Potentially, one of the most important factors for engagement identified in this
review is health practitioner support. In line with the emerging evidence from the
human-computer interaction literature, this study found that an app coupled with
human support (10, 56) was likely to be more effective by increasing the intervention
effectiveness and engagement (159, 160). Alternatively, human support can be
impersonated by embedded artificial intelligence (Al) features. A recent
experimental study found that a supportive artificial intelligence powered chatbot
doubled the engagement with a smoking cessation app and increased its
effectiveness (161). This suggests that embedded human support or features that
mimic human support might lead to greater engagement with digital behaviour

change tools.

Behaviour change techniques, widely reported by others previously (10, 39, 56,
104), were also identified as important factors to sustain engagement, including self-
monitoring, feedback, goal setting, reminders, rewards, social support. However, not
all of these have a positive effect. Reminders and social support factors (embedded
social media and social competition) are not universally useful and might cause
disengagement or even harm by triggering negative emotions. One plausible
explanation is that the participants of the studies included may or may not have real
life experience with health and wellbeing apps. Some of the included studies
examined the participants’ perceptions about a hypothetical app or an app that was
planned to be developed. These studies relied on the participants’ opinion of what
they thought it would be important for them in terms of uptake of, and engagement
with, health and wellbeing apps, rather than sharing their lived experiences with
such tools. For example, reminders were found useful in all the studies targeting a
hypothetical app, as opposed to those that were researching engagement with an
app that had been used by the participants, where opinions about reminders were
mixed, with some users finding them annoying. Another explanation is that the
importance of these factors might be dependent on the target behaviour. For
example, people using apps that target mental health might not want to engage with
a social competition feature or to share their progress or experiences on social
media. This suggests that some of the identified factors in this review might be

behaviour dependent.

Another interesting finding, not identified in previous literature, is the safety netting

characteristic of an app. This characteristic could promote long-term engagement,
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rather than short goal-oriented engagement. The user could disengage at any time
and re-engage at a later stage when needed. This feature might be particularly
useful for addiction research targeting relapse prevention strategies.

No factors were coded directly under four out of fourteen TDF domains (optimism,
social identity, beliefs about capabilities, intentions). However, two of these were
highlighted in this review. It was described how several factors coded under different
domains affect intentions (e.g. having adequate app literacy skills, user guidance
provided to the user, etc.), in the similar way of how emotions, other than curiosity,
affect engagement with an app (e.qg. lack of app literacy skills triggers negative
emotions, some found reminders annoying, or some fear of social comparison
related to sharing on social media, etc.). It was also found that aspects of the factor
‘personalisation to needs’ also included social identity aspects. Some communities
(LGBTQ+, cancer patients) prefer an app that is personalised to their social identity.
Although social identity, in this case, was judged to be too weak a factor to list it
independently. In terms of the other two absent domains, factors under beliefs in
their capabilities and optimism might be less relevant for uptake and engagement
with health apps, or the studies may have missed them out, or, potentially, this
review failed to identify them from the included studies.

The importance of promoting equality and embracing cultural diversity was partially
identified previously (39). Several studies in this review reported that apps should be
provided at low cost to users. It was suggested that multiculturalism should be
embraced, and regional languages added. The concern of inequality for those who
do not own a smartphone was also raised in this review (118). An accompanying
website was suggested as an alternative for homeless people who would not have
access to a smartphone but may have access to the internet through non-profit

organisations, charities or community libraries.
2.6.2. Strengths and Limitations

One major strength of this review is that it adhered to the best practice processes for
undertaking reviews by following the PRISMA guidance and Cochrane handbook
(105, 107). By including all study designs we were able to pool together and
triangulate evidence and provide a novel and powerful synthesis of different study

designs.

The use of theoretical frameworks is another strength. Other theoretical models
were considered for this review, including the technology acceptance model (162)

and the human-computer interaction models and theories (163). However, the
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COM-B and TDF present advantages by their dynamic nature and by explaining the
influences between components as they were developed from, and to represent, all
theoretical components in behaviour change-related models and theories. COM-B
was explicitly developed to inform behaviour change interventions through its
connection to the BCW (81), a tool that provides guidance on designing behaviour
change interventions as described in Chapter 1. Therefore, the factors identified
under the components of the COM-B model allow easy identification of the
intervention functions to target increased uptake of, and engagement with, health

and wellbeing smartphone apps.

The review has several limitations. The review focused on four major behaviours
related to prevention (smoking, alcohol consumption, physical activity, diet) and
mental health and wellbeing and could not capture other prevention type behaviours
(e.g. fall prevention). Factors relating to the uptake and engagement of apps
focusing on other behaviours or conditions may differ from those found in this review

and warrant further investigation.

Although this review captured a wide range of populations, most of the studies
included were carried out in high income countries. Therefore, the findings might not
be transferable to low- and middle-income countries or to other cultures. The quality
of the studies was mixed. In some qualitative studies, the authors provided
interpretations of their findings without an explicit quotation to support them. These
interpretations were handled with care and often ignored when no further
explanation was provided about a concept. This might have led to losing some

potentially important factors, not identified otherwise.
2.6.3. Policy and Practice: Recommendations and Implications

The findings of this review can inform app developers and researchers on how to
develop health and wellbeing smartphone apps to better support behaviour change

and manage and monitor different physical and mental health conditions in adults.

This review may also have implications for policies that target prevention using
digital technologies. Apps are an easy way to provide health-promoting behaviours
and may play an important role in prevention strategies. For example, the UK
government has recently published a Green Paper entitled ‘Advancing our health:
prevention in the 2020s’ which shifted their focus from ‘cure to prevention’
committing to encourage the population to live a healthier life (164). Additionally, the

‘Long Term Plan’ policy document of the NHS in the UK dedicates an entire chapter
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to prevention programmes and includes plans on digitally delivered methods to

improve access to information, education and intervention (84).

As part of prevention and health management strategies, the NHS and partners
have created a pool of health and wellbeing apps for the individuals to access (the
NHS Apps Library). This research could help people access effective apps that
people will remain engaged with, though to extent to which the population is open to
use these portals for uptake is yet unknown, and something worth investigating in

the future.

A number of important themes are described in the projects and policy documents
mentioned above. Some relate to digital health, for example with an aim to reduce
health inequalities (164) or to improve population health with personalised content
and tailored lifestyle advice (84). For example, this review suggests that app literacy
skills are important for uptake. Enhancing app literacy skills for the elderly (e.g.
drop-in sessions in community settings) might be a feasible way to reduce health
inequalities. Furthermore, some of the engagement-related factors might suggest
use of tailored lifestyle advice to address health behaviours. For example, by
receiving personalised content within the app, and online or offline help or advice
from health practitioners, as well as receiving recommendations for health apps from

their healthcare professionals and GP practices.

Therefore, the findings of this review could inform stakeholders in public health and
policymakers, and providers of health and wellbeing smartphone app portals to
provide additional support for the uptake of, and engagement with, these digital

interventions for adults.

Recommendations for stakeholders in public health and policy makers, and health
and wellbeing app developers derived from the findings of this review can be found
in Table 3.
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Table 3. Recommendations for stakeholders in public health, policy, industry, health

care, and health and wellbeing app development.

Policy makers/industry/health care
providers might want to consider:

App developers might want to consider:

Capability

e Improving app literacy skills

e Increasing awareness of effective health
and wellbeing apps, by advertising offline
(e.g. GP practices) and online (e.g. social
media)

Promoting less cognitive load by enabling
automatization of data collection

Including user guidance that can be
deactivated once the functionality of the
app has been achieved (e.g. help button)
Including content that targets education,
health prevention, and health
consequences related to the behaviour that
is targeted to change

Including statistical information (e.g.
graphs, percentages, numbers), about the
user’s progress

Including well-designed reminders where
the user can choose the time and
frequency of receiving it

Including self-monitoring feature that
enables users to create routines

To provide long term use of an app, a
‘safety netting’ feature that allows users to
fall back on, even though the target
behaviour has been achieved

Opportunity

e  Providing online or offline health .
practitioner support

e  Providing recommendations for health and e
wellbeing apps by health care
professionals .

e Offering apps for free or at low-cost

Allowing the provision of health professional
support within the app

Allowing community networking within the
app with other users

Organising competition and challenges for
users to optin to

Avoiding automatic synching with the
embedded social media (when applicable)
Personification of the app, by designing
human-type attributes

Offering apps for free or at low-cost

Offering personalisation of the app according
to their demographics, individual and cultural
needs

Motivation
e Offering tangible rewards, such as points e  Providing positive, non-judgemental,
that could be used as a discount in constructive and informative feedback
pharmacies or at other health and ¢ Include gamification elements and offering
wellbeing related domains, or health rewards
insurance providers e Including goal setting features (when

e Providing a meaningful title and clear
description of what the app does and what
can offer, and how can help the user
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2.6.4. Future research

While some of the factors identified and presented in the results section appear to
provide a positive influence on uptake and engagement, there are mixed findings
that might benefit from further investigation, such as reminders, embedded social
media, and social competition. In the studies included in the review, descriptions of
notification-type-messages, such as reminders, feedback, push-natifications and
other notifications, were used interchangeably and it was not always clear which
were being referred to. Consistent terminology would help eliminate doubt around
these concepts in the future. Issues around equality and diversity were highlighted in
a few studies as something future research should address. Further work is also
needed to aid our understanding as to how to avoid digital health widening
inequalities through the exclusion of individuals that face a financial barrier to
owning a smartphone or one with a relatively up to date operating system or to
purchasing an app, or who do not possess the skills to use one.

2.6.5. Conclusions

This is the first systematic review to investigate factors that influence uptake of, and
engagement with, health and wellbeing smartphone apps. Twenty-six factors that
are relevant to a wide range of populations and different behaviours were identified.
These have clear implications for improving population health and targeting health
inequalities. The list of recommendations provided are built on the identified factors
to guide app developers, health app portal developers and policy makers when
commissioning, developing and optimising health and wellbeing smartphone apps.
These can help with addressing the issues of suboptimal uptake and engagement

which currently constrain the public health benefit of apps.
2.7. Next steps

The next steps of the thesis were to provide an in depth understanding of factors
influencing the uptake and engagement with health and wellbeing apps. The next
chapter of the thesis presents the factors influencing the uptake of health and
wellbeing smartphone apps in general following an unguided search for a suitable
app, and the uptake of health and wellbeing apps on curated health app portals
(Chapter 3).
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Chapter 3. Influences on the uptake
of health and wellbeing apps and
curated app portals: a think aloud
and interview study.

3.1. Dissemination

Findings of this chapter were presented at the UK Society of Behavioural Medicine’s
Annual Meeting (2020), at the Society of Behavioural Medicine (2020 — cancelled
due to COVID, but disseminated virtually), at the UCL Centre for Behaviour Change
Digital Health Virtual Conference (2020), at the European Health Psychology
Society’s Annual Virtual Conference (2021) and at the International Society of
Physical Activity and Health Virtual Congress (2021).

A version of Chapter 3 has been published in the Journal of Medical Internet
Research mHealth and uHealth (165). See Appendix 7 for the published peer

reviewed journal article.
3.2. Abstract

Background. Health and wellbeing smartphone apps could provide a cost-effective
solution to addressing unhealthy behaviours. The selection of these apps tends to
occur in commercial app stores, where thousands of health apps are available. Their
uptake is often influenced by popularity indicators. However, these indicators are not
necessarily associated with app effectiveness and evidence-based content.
Alternative routes to app selection are increasingly available, such as via curated

app portals, but little is known about people’s experiences of them.

Objectives. To explore how people select health apps online and their views on

curated app portals.

Methods. Eighteen UK-based adults were recruited through social media and asked
during an in-person meeting to verbalise their thoughts whilst searching for a health
or wellbeing app online on a platform of their choice, then repeat the search on two
curated health app portals: the ‘NHS Apps Library’, and the PHE ‘One You’ App
portal. This was followed by a semi-structured interview. Data were analysed using
Framework Analysis, informed by the Capability, Opportunity, Motivation —

Behaviour (COM-B) model and the Theoretical Domains Framework.
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Results. Searching for health and wellbeing apps online was described as a
‘minefield’. App uptake appeared to be influenced by participants’ capabilities, such
as app literacy skills, health and app awareness, and opportunities, including the
availability of apps, app aesthetics, the price of an app and social influences.
Motivation factors that seemed to affect uptake were perceived competence, time
efficiency, the perceived utility and accuracy of the app, transparency about data
protection, commitment and social identity, and a wide range of emotions. Social
influences and the perceived utility of an app were highlighted as particularly
important. Participants were not previously aware of curated portals but found the
concept appealing. Curated health app portals appeared to engender trust and
alleviate data protection concerns. While apps listed on these were perceived as
more trustworthy, their presentation was considered disappointing. This
disappointment seemed to stem from the functionality of the portals, the lack of user

guidance and lack of tailored content to an individual’s needs.

Conclusions. The uptake of health and wellbeing apps appear to be primarily
affected by social influences and the perceived utility of an app. App uptake via
curated health app portals perceived as credible may mitigate concerns related to
data protection and accuracy, providing their implementation meets user needs and
expectations.

3.3. Introduction

3.3.1. Background

Noncommunicable diseases (e.g. diabetes, heart disease, cancer, poor mental
health), are considered key threats to global health (166), and are driven by factors
such as physical inactivity, poor diet, tobacco smoking, and excessive alcohol
consumption. A key global public health policy priority is to enact policies to ensure
the best possible health is available for all (167). In the UK, aims of the NHS long
term plan (84) and priorities of UK Government executives agencies such as PHE
are to provide a smoke-free society, to encourage healthier diets and to improve
mental health (168). Encouraging the use of digital health interventions, such as

smartphone apps, may be one (cost-) effective way of contributing.

Health and wellbeing smartphone apps can be cost-effective solutions for changing
health behaviours (24, 39). Such tools can act as ideal platforms to deliver
behaviour change interventions (10) because of their availability, portability and

easy access (42). Research has demonstrated early evidence of effectiveness of
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smartphone apps for smoking cessation (27), healthy dietary and physical activity
promotion (29, 31, 32, 39), weight loss (34, 35, 39), alcohol reduction among non-
dependent drinkers (36) and mental health promotion (169). In addition, health apps
can reach those resistant to help-seeking in person (e.g. due to stigma) by
improving access to behaviour change interventions (170). However, this thesis
highlighted in Chapter 1 that low uptake and poor engagement over time

compromise the potential of health and wellbeing apps.

‘Uptake’ refers to the decision to select and install a health app (44). The search for,
and selection of, health apps tends to take place in commercial app stores, such as
Google Play for android operating systems and the Apple App Store for iOS (29,
45). Thousands of health and wellbeing smartphone apps are available in the major
app stores, a number that continues to grow (10). Research shows that the uptake
of apps from commercial app stores tends to be influenced by indicators of
popularity, such as the app’s rank order, ratings and/or reviews, and its total number
of downloads (45). However, such popularity indicators are not necessarily positively
associated with app effectiveness (171), and indeed may even be negatively related
(172). An associated problem with app uptake is that the vast majority of apps listed
in commercial stores lack evidence about their efficacy (173) or effectiveness (174).
The need for quality marks in commercial app stores has been raised (71), as well
as the need for regulation of health apps and evidence for their effectiveness (169).
Better transparency in an app’s description to help people make an informed choice,
including how the user’s data are handled, how the app was developed, benefits
explained in lay terms, as well as descriptions of the app content has been
recommended (175-177).

A barrier to the uptake of evidence-informed apps is that not all apps are available to
the public, or prominently displayed, via commercial app stores (71, 173). Therefore,
fewer people may benefit from available high-quality tools. Evidence-informed apps
tend to be promoted within community or health care settings (often targeting a
specific geographic region/country), or on curated health app portals. These portals
are websites presenting a list of selected health apps (178). Health app portals can
be government-funded, such as the UK NHS’ ‘Apps Library’ or PHE’s ‘One You
Apps’ portal, or curated by private organisations, such as ‘App Script’ by IQVIA in
the United States, the UK and the United Arab Emirates, the ‘MyHealthApps’ by
PatientView’s in Europe and the UK, or ‘ORCHA’ in the UK. These organisations

can lend credibility to, and have the potential to promote, the uptake of selected
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health apps (179) by providing a list of safe, evidence-informed, tested and, where

possible, clinically effective health apps for the general public to choose from.

As described in Chapter 2 research has focused on the identification of factors that
influence uptake of health apps in commercial app stores. There is an urgent need
to explore whether the general public would be willing to use curated health app
portals, which could improve the uptake of evidence-informed health and wellbeing
apps (44). Despite this need, little is known about views on curated health app
portals. This study aimed to explore potential users’ views on factors influencing the
uptake of health apps in general, and on curated health app portals in particular,

using think aloud and interview methodology.
3.3.2. Theoretical framework

The COM-B model (74) and the Theoretical Domains Framework (TDF) (75)
described in Chapter 1 were continued to be used as a coding framework. Together,
the COM-B model and the TDF allow for a detailed analysis of data and
identification of key factors influencing uptake in general and on curated health app
portals in particular.

3.3.3. Aims

This qualitative study applied a theoretical framework informed by the COM-B model
and the TDF to explore 1) factors influencing potential users’ uptake of health and
wellbeing smartphone apps through online searching and 2) their views on available

curated health app portals.
3.4. Methods

3.4.1. Study design

This research elicited views and preferences of a sample of members of the public.
The Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist
guided the design of the study (180). The checklist can be found in Appendix 8.
Think aloud methodology (181) was applied to collect real-time data about online
health app selection, and involves asking participants to verbalise their thoughts and
impressions throughout the selection process. The lead author only intervened when
a prompt was considered necessary (e.g. during silent moments, asking questions
such as ‘What are you thinking now?). Following the think aloud tasks, follow-up
questions were asked to better understand statements/utterances made during the

tasks. Finally, semi-structured interview techniques were used. The think aloud
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tasks and the topic guide were informed by stakeholder consultation which included
views and opinion of lay persons (PPI representatives) and expert opinion of policy
makers of this research. The study protocol was pre-registered on the Open Science
Framework (182). The Faculty of Medicine and Health Sciences Ethics Committee
at the University of East Anglia approved this study (Reference number: 201819 —
089, see Appendix 9). The collected data is stored following the European Union
General Data Protection Regulation (GDPR) and the University of East Anglia
Research Data Management Policy. The data was anonymised, and all personal
identifiers were removed. All participants read the participant information sheet and

provided consent prior taking part in this study.
3.4.2. Participants and recruitment

Participants were recruited through paid advertisements on Facebook. Adults in the
general population were eligible if they 1) were aged 18 or over; 2) were able to
provide consent; 3) owned a smartphone; 4) would consider using a smartphone
app to change their behaviour in the future; 5) were able to attend an interview in
Norwich, England, where the work took place. As a standard practice in qualitative
research, the aim of the study was to gain better understanding of the phenomenon
of interest and to increase the coverage of perspectives rather than to necessarily
recruit a population-representative sample (183). Hence, purposive sampling was
used to promote the diversity of the sample (i.e. age, gender, ethnicity, educational
level, employment) (184). This included targeted adverts on Facebook, which
encompassed monitoring and adjusting the variables which allowed the selection of
participants to ensure the diversity of the sample. 114 individuals responded to the
Facebook adverts and read a brief participant information sheet and completed the
screening questionnaire. Out of 38 participants invited to an interview, 14 did not
respond and 24 agreed to participate. Six of these 24 cancelled for various reasons.
The recruitment and the interviews took place in batches of 3 or 4, and the

recruitment stopped when data saturation was reached.
3.4.3. Procedure

Prior to completing the online screening survey, participants were asked to read a
brief participant information sheet describing the study. Once read and agreed to
participate, participants were asked to complete an online questionnaire to assess
their eligibility and to collect descriptive data (see Appendix 10). Data were collected
on 1) age, 2) gender, 3) ethnicity, measured using the Office for National Statistics’

index, 4) level of education, 5) employment status, 6) whether they have ever used
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health or wellbeing app, 7) whether they currently use a health or wellbeing app, 8)
last time they had downloaded an app, and 9) frequency of app use. Participants
who met the inclusion criteria were sent an email with a comprehensive participant
information sheet (see Appendix 11) and were invited for an interview. On the day of
the interview, interviewees received a printed copy of the participant information

sheet, and written consent was obtained (see Appendix 12).

Face-to-face interviews were conducted between July and August 2019 and took
place at the University of East Anglia (n=17) or the participants’ home in Norwich
(n=1). The interviews were conducted by a female lead author and no one else was
present during the sessions. The session started with a think aloud exercise, with
participants being instructed on how to verbalise their thoughts. First, they were
asked to perform a search for an app they would potentially use to change a health
behaviour of their choice. They had a choice of using either a study laptop or their
smartphone. Second, the lead author asked them if they were familiar with curated
app portals. If they were not, the lead author briefly explained the principle and
asked people to repeat the search using the ‘NHS Apps Library’ and the PHE ‘One
You Apps’ curated health app portals (Figure 5). During the think aloud sessions,
positive reinforcement using verbal (e.g. “You are doing great’, ‘Right’) and non-
verbal (e.g. nodding) communication was used to encourage participants to continue
to express their views. In quiet moments, prompts were used (e.g. ‘What are you
thinking now?’, “Tell me what is on your mind’). Following the think aloud task,
questions regarding their experience with the uptake of, and engagement with, apps
were asked (see Appendix 13 for the topic guide). The sessions lasted between 26
and 63 minutes. Participants received a £20 gift voucher as compensation for their

time.
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Figure 5. Screenshot of the Public Health England’s ‘One You Apps’ portal and the
‘National Health Service’s Apps Library’.

3.4.4. Data analysis

The sessions were audio-recorded and transcribed verbatim by an external
company. Transcriptions were checked for accuracy by the lead author undertaking
the interviews. The data were analysed using framework analysis following the
stages of familiarisation, identification of thematic framework, indexing, charting,
mapping and interpretation (185). To ensure rigour, trustworthiness and
consistency, a percentage of randomly selected transcripts (15%) were
independently coded by OP. The deductive thematic framework based on the TDF
was refined iteratively through repeated discussions with OP, and any discrepancies
were resolved through discussion with FN. Indexing was completed by the lead
author using QSR NVivo 12. The data were charted, and the responses were
grouped according to the finalised thematic framework. During mapping and
interpretation, the grouped data were examined by the lead author to identify
patterns. During mapping, identified factors were classified according to their
organic position rather than what they affect (e.g. an opportunity factor may
indirectly influence the behaviour through increasing the motivation for uptake of a
health app, as well as influencing it directly). To aid comprehension of the findings
for uptake in general and on health app portals in particular, data were analysed and

presented separately for these two topics. Findings on the engagement factors are
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presented in Chapter 4. To increase the trustworthiness of the findings, peer
debriefing by the University College London Tobacco and Alcohol research group,
with extensive experience of the application of the COM-B model and TDF in health
research, was used to ensure the accuracy of data interpretation and data analysis.
Peer debriefing is a form of analytical triangulation where researchers not directly
involved in the study are prompted to provide input and critical opinions on various
aspects of a project (186). The use of the TDF in the deductive framework analysis
approach was particularly useful for coding the results under several factors, which
may otherwise have been overlooked. It was expected to explore a large number of
factors as the TDF has 14 constructs, as opposed to other well-known methods.
However, the authors were aware that findings would not be coded under all
available constructs. Constructs under which no findings were coded were omitted

from the results section.
3.4.5. External validity

To enhance the credibility and trustworthiness of the results (187), six participants
(30%) were randomly selected and requested via email to provide feedback on a
document with a summary of the findings and conclusions (‘member checking’).
They were asked whether they recognised their opinions and whether they agreed
with the interpretation of the findings. Two participants responded to our request and
confirmed that their opinions had been captured. In one case, our email failed to be

delivered.
3.4.6. Reflexivity

The authors involved in this study are mixed-methods researchers with experience
applying the COM-B model and the TDF to qualitative data. The lead author
disclosed her research interest to participants on the day of the interview and no
prior relationship was established between her and participants. The interviews were
conducted by the lead author, a PhD candidate who has undertaken extensive
training in the collection and analysis of qualitative data. Participants were
encouraged to share their thoughts (both positive or negative) and to be honest. The
interviewer felt that good rapport was built with the interviewees, and most
participants (n=16) expressed their interest in learning more about the findings of

the research. Field notes and a research journal was kept during data collection.
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3.5. Results

A total of 18 participants completed the interview. The average age of participants
was 43 years (SD=14), 9 (50%) were females, 14 (78%) were of white British
ethnicity, (13) 72% were employed full time, 2 (11%) had postgraduate
gualifications, 17 (94%) had used health apps before, and 11 (61%) were using
health apps at the time of the interviews, out of which 8 (73%) reported daily health
app usage. Most participants were interested in changing more than one behaviour
(e.g. losing weight, getting more active, managing mood) and only 16% of
participants expressed a desire to change only one behaviour. Two participants
were satisfied with the app they were already using and did not wish to take part in
the think aloud exercise to look for a different app. The remaining 16 participants
searched for apps targeting physical activity (n=6), weight management (n=4), mood
and mental wellbeing (n=3), smoking cessation (n=1), alcohol reduction (n=1) and
sleep (n=1). Participants' characteristics are presented in Table 4.

The findings pertaining to factors relevant for both the uptake of health apps and
views on curated health app portals are presented under the components of the
COM-B model: Capability, Opportunity, Motivation. Higher order themes and

subthemes informed by the COM-B model and the TDF are reported in Table 5.
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Table 4. Characteristics of the participants.

ID Gender Age Ethnic  Highest Employment Health or wellbeing topic of interest Current use Last time downloaded Frequency of
group education of health app a health app health app use

P1 M 28 Mixed Degree Part-time Physical Activity, Depression, Anxiety, Mood No > 6 months ago Infrequently

P2 F 44 British Prof. qual. Full-time Diet, Physical Activity, Depression, Anxiety, Mood Yes < 30 days Daily

P3 F 44 Other Degree Full-time Diet, Physical Activity, Depression, Anxiety, Mood No > 6 months ago None

P4 M 46 British ~ Degree Full-time Diet, Physical Activity, Depression, Anxiety, Mood No > 6 months ago None

P5 M 37 British  Alevels Full-time Alcohol consumption, Diet, Physical Activity, Mood No > 6 months ago None

P6 F 53 British PGT Full-time Diet, Physical Activity, Depression, Mood Yes < 30 days Daily

P7 M 22 Mixed A levels Student Physical Activity, Depression, Mood No > 6 months ago Biweekly

P8 M 52 British Degree Full-time Diet, Physical Activity Yes < 30 days Daily

PO M 38 British ~ PGT Full-time Diet, Depression Yes < 30 days Daily

P10 F 48 British  GCSE Part-time Diet, Physical Activity, Depression, Anxiety, Mood No > 6 months ago Weekly

P11 F 68 British ~ GCSE Retired Depression, Anxiety, Mood Yes < 30 days Daily

P12 M 57 British ~ GCSE Retired Alcohol consumption No NA NA

P13 M 28 British ~ Degree Full-time Smoking, Diet, Physical Activity, Mood Yes < 30 days Weekly

P14 F 64 British ~ GCSE Full-time Diet Yes < 6 months ago Weekly

P15 F 56 British ~ GCSE Full-time Diet, Physical Activity Yes > 6 months ago Daily

P16 F 34 Other A levels Full-time Smoking, Diet, Physical Activity, Depression, Anxiety, Mood Yes < 3 months ago Weekly

P17 M 31 British Degree Full-time Diet, Physical Activity, Depression Yes > 6 months ago Daily

P18 F 21 British ~ Alevels Full-time Diet Yes < 6 months ago Daily

Note. F — female, M — male, Prof. Qual - professional qualifications, PG — postgraduate; GSCE — General Certificate of Secondary Education (in the UK), A levels — General Certificate of Education

Advanced Level (in the UK), NA — not applicable



Table 5. Factors influencing uptake of health apps in general and on health app portals

mapped onto the components of the COM-B model and TDF constructs.

COM-B component and
TDF construct, and the
identified factors

Uptake in general (description of
the factor)

Uptake on health app portals
(description of the factor)

Physical Capability

TDF construct: Skills

App literacy

Technological competency

Psychological Capability

TDF construct: Knowledge

Health awareness

App awareness

User guidance

Health information

General health consciousness or
having family members diagnosed
with a condition or disease, or
concerns regarding a behaviour or
health outcome

Knowledge of the existence of
health and wellbeing apps

TDF construct: Memory, attention, decision processes

Cognitive load

Knowledge of the existence of
health and wellbeing apps
listed on health app portals

Instructions on how to
effectively use a health app
portal

Educational information related
to health and wellbeing

The manner in which apps are
presented on the portal;

The complexity of the search
or to access a relevant health

app

Physical Opportunity

TDF construct: Environmental resources

Availability

Portal tailored to
individuals needs

Cost of an app

Aesthetics

The ability to use a smartphone
anytime, anywhere
Availability of an app on all
major commercial app stores

Low cost and apps that are free for
users

The look and design of an app

Personalised listing of apps
targeting age, gender, health
condition

Low cost and apps that are
free for users

User-friendly and design
related characteristics of the
portal




Table 5. (Continued) Factors influencing uptake of health apps in general and on health

app portals mapped onto the components of the COM-B model and TDF constructs.

COM-B component and
TDF construct, and the
identified factors

Uptake in general (description of
the factor)

Uptake on health app portals
(description of the factor)

Social Opportunity

TDF construct: Social influences

Social influences

The importance of reviews and
ratings in the commercial app
stores, as well as of apps promoted
as ‘editor’s choice’

Identified credible sources: apps
developed or endorsed by trusted
app developers, organisations,
universities, or promoted by
respected celebrities (e.g. athletes)
Recommendations received from
health practitioners or from friends
and family

Health app portals perceived
as credible source
Recommendations of health
app portals needed mainly in
primary care

Clarity about the
recommended apps on health
app portals

Explanations about any
required GP referral

Reflective Motivation

TDF construct: Beliefs about capabilities

Perceived
competence

App preferred over face-to-face
intervention when the user feels that
they can engage with the app on
their own

TDF construct: Beliefs about consequences

Time efficiency

The perceived
utility of the app

Perceived accuracy

Data protection

TDF construct: Intentions

Commitment

TDF construct: Social identity

Social identity

The ability of a health app to be
interacted with a minimum amount
of time

Discrepancy between what the
users are looking for and what the
app offers, characterised by a
relevant title, description, pictures,
adaptation to individual
characteristics and users’ previous
experience with health apps

The perceived effectiveness of apps
before the selection of an app

Concern regarding the handling of
personal data

The level of commitment when
deciding to download a health app

Identity related to app use (e.g.
trends and gender specificity)

Discrepancy between what the
users are looking for and what
the app listed on health app
portal offers, characterised by
a relevant title, description,
pictures

Potential app users’ perceived
effectiveness of apps listed on
health app portals

Concern over the handling of
personal data

Identity related to app use (e.g.
feeling like a ‘patient’)

73



Table 5. (Continued) Factors influencing uptake of health apps in general and on health

app portals mapped onto the components of the COM-B model and TDF constructs.

COM-B component and
TDF construct, and the
identified factors

Uptake in general (description of
the factor)

Uptake on health app portals
(description of the factor)

Automatic Motivation

TDF construct: Emotions

Positive emotions

Negative emotions

Mixed emotions

Triggered by curiosity in trying a
health app, and by the time-
efficiency characteristic of an app as
opposed to face-to-face
interventions, as well as by being
provided by a credible source
Triggered by lack of availability on
all major app stores

Preferred over a face-to-face
intervention if feeling anxiety (e.g.
caused by an unhealthy behaviour
or unhealthy state), and pressure (to
succeed or to show progress)

Triggered by the aesthetics (design)
of the apps and by adaptation to
individual characteristics (judged by
the title, description, pictures,
gender specificity)

Triggered by curiosity in
choosing a behaviour change
tool from a curated health app
portal, and from a credible
source

Triggered by lack of search
features on the portal, or when
the search yields irrelevant
results; when an app requires
GP referral without further
explanation, when an app is
only available in one major app
store

Triggered by the aesthetics
and features of the portal and
the perceived utility of the apps

3.5.1. Factors influencing the uptake of health and wellbeing apps

Half of participants who agreed to search for a health app (n=8) used Google Search
as their first choice to find a suitable app, while the other half opened a commercial app
store. The latter search among hundreds of available apps was described by most
participants as difficult or a “minefield” (P2, P4, P6). One participant described this task
as being “far more complicated than | thought it would be” (P2). By the end of this
exercise, only three participants found an app that they were willing to download and

engage with further to change their behaviour.

3.5.1.1. Capability factors related to the uptake of health and wellbeing apps in
general

Participants who presented a higher level of technological competency were able to
better navigate on their phones, thus highlighting that app literacy skills are necessary
when selecting a health app. One patrticipant, who had never used a health app
before, showed signs of technical difficulties (i.e. lack of skills) during the think aloud

exercise while searching for an alcohol reduction app in a commercial app store.
“I wouldn’t know how to do that [refining the search to find a suitable app].” (P12)
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Additionally, two participants expressed their concern toward the older generation and
stated that training should be provided for those with insufficient technological and app

literacy skills.

“My nanny is diabetic and if there was an app to help her with her diabetes, then
I’'m sure she would be happy to use it but it’s just someone would need to explain
it to her.” (P18)

All participants expressed their decision to look for an app for health reasons, such as
getting healthier or to prevent illness. This included reasons of being diagnosed, or
having a family member diagnosed, with a medical condition (e.g. diabetes, high blood
pressure), concern of the negative effect a current behaviour may have (e.g. smoking,
alcohol consumption), to better manage or improve their mental health (e.g. anxiety,
self-confidence) and general wellbeing (e.g. sleep quality):

“I’'m trying to avoid having type 2 diabetes, or getting it, so there’s a background,
my mother, in my family, there’s a heart conditions background, which is why I'm

really wanting to do something about my health.” (P3)

While most participants were aware of the existence of some apps, three participants
were surprised by the existence of health apps for smoking cessation and mental
health issues.

“It didn’t cross my mind that | could use an app for stopping smoking, so it is
new.” (P16)

3.5.1.2. Opportunity factors related to the uptake of health and wellbeing apps in
general

Some participants expressed their preference to look for a health app as a digital
behaviour change intervention instead of a face-to-face intervention because of the
availability and the low cost of an app. However, concerns around widening inequalities
were raised by one participant who showed signs of worry about the limited access to

digital aids for individuals living in deprived areas.

“So, if they [people living in deprived areas] do not have the smart phone, they
won’t be able to use it, so it’s not going to work, is it? It's what happened with the
Universal Credit, so it’s not going to work. | mean issue everyone a smart phone.”
(P16)

75



A few participants highlighted the importance of the availability of health apps in both
major commercial app stores (Apple App Store and Google Play), not just one or the

other.

Most participants stated that apps should be available at no cost. Only six participants
expressed their willingness to pay a small fee for an app if, for example, it would be

“almost life-changing” (P4) or if it would include online professional support.

The specific design and colour scheme preferred by participants appeared to be unique
and dependent on the individual’s taste. However, the majority were looking for a

“simple” looking app.

Social influences appeared to be one of the core factors that shaped the selection of
apps for all participants during the think aloud exercise. This includes ratings and
reviews of the app, how credible the source of the app is, and recommendations of
apps received from others. Within app stores, most participants described looking at
the star ratings and the number of downloads of each app, and whether the apps were
listed as an ‘editor’s choice’. Three participants acknowledged that reviews were
subjective, they still reported feeling influenced by the ratings of the app. Additionally,
two participants reported that they were sceptical of the reviews, which they believed
may have been paid for, and that reviews are not enough, as more information is

necessary to make an informed choice.

“You know, so you're having to make all these judgements about people’s
reviews and then you know deep down that the reviews might be paid for and,
you know, it’s a bit of a minefield which is why | would only take a free sample

and then see if it works for me.” (P6)

A credible source was also important. Apps developed or recommended by trusted
organisations or respected celebrities seemed more appealing to all participants.
Participants who used Google Search to find an app aimed to look for websites they
were familiar with or had used before, or for websites that would post “Top 10 apps for
... type of articles. Additionally, word of mouth was another identified source of social

influence for many.

“l see two different specialists, | have a lung problem as well and | see a lung
specialist at a hospital near me and she said to me, the best thing that | could do,

which was downloading the Couch to 5k app.” (P14)
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3.5.1.3. Motivational factors related to the uptake of health and wellbeing apps in
general

Health or wellbeing apps were preferred over face-to-face options because participants
reported feeling competent changing their behaviour through the use of an app,
requiring less time commitment and avoiding the anxiety and pressure of interacting
with others. Time appeared to be a particularly valuable resource for all participants,

and they believed apps to have this advantage.

Another core factor in the selection of an app was the way users perceived its utility.
This was found to be based on two aspects. First, they appeared to judge how the app
is adapted to the individual by reading the title and the description of the app, and by
looking at pictures (i.e. screenshots). Twelve participants reported the need for enough

information about an app to make an informed choice.

“I would definitely judge more from the pictures more than anything and I think
that just nowadays everyone does, is you get an idea of the app from the
pictures. (...) | mean | think when you see an older person on a picture and
you’re a lot younger, it makes you think, | mean it’s the wrong think to think but it

makes you think maybe it’s not for me.” (P7)

Second, it seemed that twelve participants relied on their past experiences with health
apps. Whether those experiences were positive or negative may have shaped their

beliefs about health apps in general.

“So that’s why My Fitness Pal is the first app that I've ever had that’s actually
worked.” (P9)

Additionally, seven participants expressed their scepticism about the accuracy and
effectiveness of some apps (e.g. mental health apps), and concerns about data

protection were mixed.
“These mindful ones, I've never downloaded one and I’'m sceptical.” (P17)

Participants mentioned that commitment to the behaviour change would influence

uptake and future engagement.

“So, | think the committed ones seek out the ones that are the right ones for

them, the best ones, rather than necessarily the trendy ones.” (P4)

Participants’ social identity also shaped their selections. Many reported that they did
not wish to select apps that promoted groups they do not seem themselves fitting in

with (e.g. athletic body image or individuals of the hipster subculture).
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“They’ve got a kind of hipster bloke and now they’ve got a kind of sexy female
image with tattoos down her arm, sexy, trendy, female image. Okay, so they are
obviously aiming at younger, sort of people in their twenties and thirties, yeah,
another sexy female image. It’s quite interesting isn’t it, I'm looking at the images
and not the words and getting a sense, is this for me, middle aged, well older

woman?!” (P6)

Curiosity, defined here as a desire to learn something, was the only stand-alone
positive emotion, and appeared to positively influence the uptake of health apps for

many participants.

“I thought out of curiosity I'd have a look, so I just typed in quit smoking in Google
play store and there’s hundreds of apps from various people with varying degrees

of credibility, and they all were pretty similar to be honest.” (P13)

Apps linked to a credible source were important with people unimpressed when an app

was not available on all major app stores.

3.5.2. Views on curated health app portals

None of the participants spontaneously used a curated portal. Curated portals were
then introduced to the participants, but none were previously aware of them. Curated
health app portals were appealing to all participants and they believed the portals
would be likely to engender trust. However, searching for a health app on NHS Apps
Library and the One You App portal was a generally disappointing experience. Only
two participants chose a health app from a health app portal (One You Apps), while the

rest of the participants decided to continue the search in commercial app stores.

3.5.2.1. Capability factors related to the uptake of health and wellbeing apps on
health portals
All participants had heard of widely advertised apps (e.g. Couch to 5k), but none were

aware before study participation of the existence of curated health app portals.

“I think they’re brilliant [apps on health app portals]; | didn’t know they existed.”
(P11)

Navigating on the NHS Apps Library seemed easy for some. However, a few
participants mentioned that a user guide or help section would be a useful added
feature of the portal. Two participants reported that they did not find it easy to use the
filter features, and in many cases, they felt the search yielded irrelevant results (e.g.

while searching for a physical activity app the results also listed apps for mental
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health). A few participants reported that navigating on curated app portals felt difficult,

characterised as “cumbersome” (P4, P12).

“It’s not clear, it’s suggests that they are independent apps but maybe they
should have some guidelines about design, you know, of their sort of landing
pages.” (P6)

3.5.2.2. Opportunity factors related to uptake on health portals
All participants indicated that they would want a portal tailored to their needs with

categories related to their gender, age group, and medical conditions they may have.

“So, something like that, this is suitable if you're over 65, this would be more
suitable for you if you’re under 40 or with these ones that you don’t have to go
and see your GP, that you can pay for, if you have any concerns, visit your GP or
speak to a health professional because some people don’t have that common
sense.” (P14)

Participants had different opinions about the layout of these portals. Some liked the
NHS Apps Library design better, with simple colours, while others enjoyed the more
colourful One You App portal. Most participants felt that a fusion between these two
designs (the searchability and filters of NHS Apps Library and the look and
presentation of the One You App portal) and a better functionality would create the

ideal curated health app portal. “Why they are not combined?” (P8)

While many participants expressed their wish to access apps for free, a few
participants were more open to pay for an app that was listed on a curated health app

portal.

“This is fabulous, and I'd be much more inclined to pay money. This is really,
really good.” (P6)

Participants found the NHS and PHE trustworthy and believed these portals would
provide safe and effective digital aids. Some indicated a desire to receive further

recommendations for using this portal from their primary care physicians.

“If GPs knew that they could say ‘well this could help you’ I'm sure that they

would recommend it to people.” (P11)

However, they also wanted to avoid putting unnecessary pressure on GP practices.
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“You've got free but requires GP referral’ and when you’re thinking the NHS is
under so much financial strain and pressure at the moment, why do | need a GP

referral to obtain an app?” (P2)

Additionally, the One You App portal lists a few apps that are recommended, but
participants expressed their confusion and lack of clarity of why some apps are

‘recommended’, and by whom.

3.5.2.3. Motivation factors related to uptake on health portals

While searching on curated health app portals none of the participants expressed signs
of concern about data protection and accuracy of apps, although two participants
reported that they would want to read more about how these apps were developed and

tested.

“How long it takes, how many sessions and the fact that it’s been tested in clinical
trials and evaluated by NICE which, to me, is probably quite an important thing.”
(P1)

Social identity was also important. Some patrticipants had identified themselves as
individuals living with a medical condition. These participants were keen to look for an
app that targets the behaviour change of individuals with pre-existing medical
conditions. Others stated that they do not wish to feel “like a patient” (P7) and seemed

reluctant to continue the search on a curated health app portal.

“So, it would be nice to have one specific for maybe people with medical

problems or age-related problems, etc.” (P15)

3.6. Discussion

3.6.1. Principal Findings

The online search for health and wellbeing apps was found to be difficult. Factors
influencing uptake of health apps were mapped under the COM-B model and the TDF.
It was found that social influences and participants’ beliefs about consequences (the
perceived utility of the app) are key factors influencing the uptake of health apps. This
conclusion was based on the frequency and salience of themes as these occurred
during the interview. Curated health portals were found appealing to all despite of the
lack of awareness of their existence. However, the way apps are currently presented
on these portals did not meet users’ needs due to a lack of certain features, such as

lack of tailoring to the users’ requirements.
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In line with previous research, the findings revealed the importance of the capability
and opportunity factors, such as app literacy skills, health awareness and app
awareness, the aesthetics of the app, the low cost of an app, reading reviews and
checking ratings, the credible source, and recommendations of apps from others
including health professionals (44, 59, 173, 188). Interestingly, the perception of the
cost of an app appeared to be related to the perceived utility and the credibility of the
source. Although, at the start, some participants were against paying for apps, the
more useful an app was perceived, the more inclined participants felt to pay a fee. This
phenomenon was observed for apps listed on health app portals which were
considered a credible source. More importantly, unlike apps listed on commercial app
stores, there was implied trust in apps listed on curated health app portals by
participants. Additionally, some health apps are not available to download in both
commercial app stores. Participants found it disappointing that some apps were only
available for iPhone users. This is in line with previous research which found that out of
eighteen investigated health apps, only one third were available to download on both

major commercial app stores (178).

In terms of motivational factors, it was found that the perceived utility included aspects
related to the individuals’ perceptions about the presentation of an app as well as their
previous experiences with health apps. Together these shaped the way participants
judged the usefulness of an app. This characterisation underlines the need expressed
by others previously for a better way to present health apps through a description that
would lead to an informed choice (e.g. the content of the app) (175-177), and
potentially positively affect other motivational factors, such as the accuracy of an app
and data protection (189). Notably, concern about data protection and the accuracy of
a health app was minimal when participants navigated on health app portals as

opposed to commercial app stores.

There is a need to understand what design aspects generate positive or negative
emotions, and for whom. Emotions are powerful driver of a behaviour, which affect
decision making (e.g. app uptake) (190). A key emotion identified in this research
directly influencing uptake was curiosity. However, this study emphasised the
importance of positive emotions triggered by, for example, the credible source of an
app, and negative emotions triggered by restriction of information (e.g. lack of
understanding of the necessity of GP referral to download an app). Taking these into

consideration may lead to better uptake with such tools.
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Uptake and engagement are connected. Engagement without uptake is not possible,
and uptake without taking into consideration factors that are important for engagement
is impractical. Some factors might influence both uptake and engagement; for example,
this research suggests that the perceived utility of an app is one of the main factors for
uptake and the study presented in Chapter 2 (44) and a previous study found that
perceived utility was a predictor for engagement with an alcohol reduction app (191).
Hence, where possible, uptake and engagement should be considered together as two

linked constructs.

3.6.2. Strengths and Limitations

The main strength of this study lies in the methodology; given the aim of this study was
to explore uptake with health apps and by applying a user-centred approach, the think
aloud methodology was the appropriate technique to use (181, 192) as it will minimise
recall bias when investigating uptake factors. To ensure that the study was as
meaningful as possible, the study protocol was developed with policymakers and
patient and public representative involvement in the design of the topic guide.
Furthermore, the research was informed by well-established theoretical models; the
COM-B and the TDF and peer debriefing was used to help the data interpretation and
data analysis (186). Additionally, purposive sampling was used to attempt to recruit a
diverse sample regarding their gender, educational level and employment status.
Finally, member checking was conducted, a technique used to establish the credibility

of the findings by sending a brief summary of it to randomly selected patrticipants (187).

The study has several limitations, and some may directly affect interpretation of the
findings. First, for a qualitative study exploring such a broad topic. Information
saturation was felt to have been reached, but it is possible that additional participants
with more varied characteristics would have allowed identification of additional
concepts. Second, during external validation a randomly selected subsample of
participants was asked via email to provide feedback on the summary of findings.
Three participants (50%) did not reply, and it is unclear whether these participants
ignored our request or did not agree with the interpretation of the results. In terms of
the uptake factors identified in this study, asking participants to perform the think aloud
task under observation may not be fully analogous to how they would perform a search
when on their own. Furthermore, some identified factors were difficult to define and
describe due to lack of specificity of the description provided by participants. These
include aesthetics of apps, often described vaguely (‘nice’, ‘elegant’) and the cognitive

load associated with engagement with these (‘easy to use’).
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3.6.3. Implications for research, policy and practice

This research has important implications for stakeholders in public health and
policymakers that target prevention and health promotion using digital technologies,
and governmental bodies and trusted health organisations that provide curated health
app portals. Low awareness, low app literacy skills, lack of availability on all major app
stores, and lack of recommendation in primary care were identified as factors limiting
the uptake of health apps in general and on curated app portals. These are factors are
important to consider for improving the uptake of health apps. The selection was
described as difficult. Hence, there is a need for public guidance on how to identify
evidence-based tools (44, 173), and for health practitioners to promote and advise their
patients on how to select appropriate health and wellbeing apps (188). Raising
awareness of such tools through both online and offline promotion channels might

provide better access to effective apps.

Findings of this study could also help developers reconsider the ways in which apps
are currently presented on commercial app stores and app portals, which might in turn
increase the uptake of evidence-informed health apps. The idea of selecting an app
from a health app portal was appealing to all participants, although individuals’ needs
were not currently met. These findings describe essential barriers and facilitators
related to participants’ capability, opportunity and motivation to take up health and
wellbeing apps. For example, app descriptions and presentations that better align with
individuals’ needs may increase the uptake of health apps on health app portals. These
findings can also be used to inform the development of interventions that specifically
aim to promote the uptake of, and engagement with, evidence-informed health and
wellbeing apps, a priority within the NHS Long Term Plan (i.e. ‘digital first’). By
targeting the identified psychological influences on app uptake through further
interventional work, organisations that provide app portals (e.g. the NHS, PHE) should
be able to increase their impact through helping people to better select appropriate
apps. A summary of recommendations for policy makers, providers and developers is

presented in Table 6.
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Table 6. Recommendations for policy makers, industry, health care providers and app

developers for a better uptake of health and wellbeing apps.

COM-B component Recommendations for policy makers, health app portal providers, app developers

1. Capability 1.1. Improve app literacy skills with a focus on elderly and marginalised
populations and continue working towards reducing the digital divide (e.g.
through the use of an outreach approach to target elderly, migrant and
homeless populations)

1.2. Increase awareness of effective health apps and curated health app portals
through promotion online and offline in primary care, mass media and public
spaces

1.3. Provide guidance on how to use a health app portal (e.g. through
incorporating an extensive help section) and additional physical and mental
health related evidence-based articles

1.4. Promote reduced cognitive load on curated health app portals (e.g. through
the use of images and short app descriptions)

2. Opportunity 2.1. Ensure evidence-informed apps are available for free or at low cost to
everyone

2.2. Make apps available on all major app stores simultaneously

2.3. Offer the possibility to tailor the health app portal to target certain
demographics (e.g. apps for physical activity for women aged 60 and over)

2.4. Offer apps at low cost and provide explanation for those that require referrals
and justifications for the cost of paid apps on curated health app portals

2.5. Collaborate with interaction design experts and end-users to enhance the
aesthetics of health app portals

2.6. Promote evidence-informed apps via trusted organisations and provide
information on how the apps were developed and tested

2.7. Encourage health professionals and practitioners of promotion of evidence-
informed health apps and health app portals

3. Motivation 3.1. Provide relevant and realistic titles and avoid general app descriptions.
Descriptions should be short, but contain details of what the app offers and
how it is able to help the user

3.2. Provide pictures of the app (e.g. screenshots) and avoid pictures that promote
an unrealistic body image

3.3. Provide information about the accuracy and effectiveness of the app (e.g.
details about development and developers), as well as about how the users’
data are handled

3.4. Take into account the user’s emotions about certain features by constantly
involving users in the development of health apps

3.6.4. Future research

Future research is needed to minimise factors limiting uptake, such as low awareness,
low app literacy skills and a lack of recommendation in primary care. Our results
suggest that there is a need to better tailor the design and content of health app portals
to better meet individuals’ needs. However, the mixed views on specific app designs
indicates that more research is needed to investigate whether there are general design
principles that are missed and could be followed to accommodate the majority of
people, or whether better tailoring and/or adaptive interventions should be considered
instead. Future research may also want to consider comparing curated health app
portals developed by private organisations with those developed by governmental

bodies to investigate whether portal design related features are considered less or
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more important than credibility and trust in apps listed on them. Experimental research
is needed to assess whether there is a trade-off between credibility, social influences
and perceived utility of the apps presented on curated health app portals. Furthermore,
with a growing concern around widening inequalities (193), solutions should be focused
on reducing the digital divide and health inequalities that may appear as a result of

financial constraint of owning a smartphone and lack of sufficient app literacy skills.
3.6.5. Conclusion

Among factors mapped under capability, opportunity and motivation components of the
COM-B model, saocial influences and the perceived utility of an app appear to be the
core factors influencing uptake in general and on curated health app portals. Curated
app portals are considered trustworthy and serve as a credible source for apps,
however there is disappointment with their current implementation. Uptake on health
app portals, as opposed to uptake in general, appears to help address people’s
concerns regarding data protection and accuracy of apps. Health organisations that
develop app portals may consider targeting the factors identified across the COM-B
and the TDF as part of additional experimental work as this could help to increase
impact through better selection of appropriate health apps.

3.7. Next steps

Uptake and engagement with health and wellbeing apps are two linked behaviours.
Engagement cannot take place without uptake and uptake without engagement is
meaningless in terms of use of such products. Therefore, linking to the factors
influencing the uptake of health and wellbeing apps presented in this chapter, the next
chapter of the thesis (Chapter 4) continues to explore people’s experiences and
reasons for engaging and not engaging with health and wellbeing apps, complementing
the findings identified in Chapter 2. The findings may inform future app development to
improve user engagement and feeds into the second stage of this thesis, the

development of the discrete choice experiment (Chapter 5).
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Chapter 4. Perceptions of factors
influencing engagement with health
and wellbeing apps: a qualitative
study using the COM-B model and
Theoretical Domains Framework.

4.1. Dissemination

Findings of this chapter were presented together with findings of Chapter 3 at the UK
Society of Behavioural Medicine’s Annual Meeting (2020), at the Society of Behavioural
Medicine (2020 — cancelled due to COVID, but disseminated virtually), at the UCL
Centre for Behaviour Change Digital Health Virtual Conference (2020), at the European
Health Psychology Society’s Annual Virtual Conference (2021) and at the International
Society of Physical Activity and Health Virtual Congress (2021).

A version of Chapter 4 was accepted for publication in the Journal of Medical Internet

Research mHealth and uHealth and is currently in press (194).
4.2. Abstract

Background. Digital health devices, such as health and wellbeing smartphone apps,
could offer an accessible and cost-effective way to deliver health and wellbeing
interventions. A key component of the effectiveness of these apps is user engagement.
However, engagement with health and wellbeing apps is typically poor. Previous
studies have identified a list of factors that could influence engagement; however, most
were conducted on a particular population or for an app targeting a particular
behaviour. Understanding factors that influence engagement with a wide range of
health and wellbeing apps can inform the design and the development of more
engaging apps in general.

Objectives. The aim of this chapter was to explore users’ experiences of and reasons

for engaging and not engaging with a wide range of health and wellbeing apps.

Methods. A sample of adults in the UK (N=17) interested in using a health or wellbeing
app took part in a semi-structured interview to explore experiences of engaging and
reasons for not engaging with these apps. Participants were recruited via social media

platforms. Data were analysed with the framework approach, informed by the
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Capability, Opportunity, Motivation — Behaviour (COM-B) model and the Theoretical
Domains Framework, two widely used frameworks that incorporate a comprehensive

set of behavioural influences.

Results. Factors influencing the capability of participants included available user
guidance, statistical and health information, reduced cognitive load, well-designed
reminders, self-monitoring features, features that help to establish a routine, features
that offer safety netting and stepping-stone app characteristics. Tailoring, peer support
and embedded professional support were identified as important factors that enhance
users’ opportunities for engagement with health and wellbeing apps. Feedback,
rewards, encouragement, goal setting, action planning, self-confidence and
commitment were judged to be motivation factors that affect engagement with health

and wellbeing apps.

Conclusion. Multiple factors were identified across all components of the COM-B
model that may be valuable for the development of more engaging health and
wellbeing apps. Engagement appears to be influenced primarily by features that
provide user guidance, promote minimal cognitive load and support self-monitoring
(capability), provide embedded social support (opportunity), and goal setting with action
planning (motivation). This chapter provides recommendations for policy makers,
industry, health care providers and app developers on how to increase effective

engagement.
4.3. Introduction

4.3.1. Background

Smoking, physical inactivity, inadequate diet, and excessive alcohol consumption are
the main risk factors for noncommunicable diseases, responsible for over 56.9 million
deaths worldwide (195). People with mental health problems often have poorer
physical health and vice versa (196, 197). To reduce the burden of ill health, a range of
interventions have been developed. Integration of multimedia technologies within the
healthcare domain has led to the development of interventions delivered digitally via
mobile phones, wearable devices and smartphone applications (‘apps’). Smartphone
apps are constantly available to the user and therefore act as portable tools for the
delivery of easily accessible health and wellbeing interventions (42). There is early
evidence of effectiveness of apps for physical inactivity (29, 31, 32, 39), weight loss
(34, 35, 39), alcohol reduction in non-dependent drinkers (36) and mental health

promotion (169). Health apps are also considered a cost-effective solution (24, 39) and
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have the potential to increase access for hard-to-reach populations that are resistant or
unable to seek face-to-face support, for instance due to stigma or geographical barriers
(170).

Engagement is a necessary component for the effectiveness of a health or wellbeing
app. Engagement with health and wellbeing apps can be defined as ‘(1) the extent (e.g.
amount, frequency, duration, depth) of usage and (2) a subjective experience

characterised by attention, interest and affect’ (56).

However, it has been argued that measuring ‘effective engagement’ is more important
than simply the time spent on an app and the frequency of use (19). Yardley and
colleagues define ‘effective engagement’ with a smartphone app as involving two
components: the first is the intensity of engagement that is necessary for achieving
desired outcomes, with sustained app engagement over a period of weeks, months or
even years (referred to as ‘micro-engagement’). However, micro-engagement alone is
not sufficient for behaviour change (19). Yardley’s model also emphasises engagement
with the broader behaviour change process and goal (i.e. ‘macro-engagement’), which
is considered separate from, although intimately linked with, micro-engagement. Based
on this distinction of micro- and macro-engagement with health and wellbeing apps,
some factors may relate more to the former or the latter, with micro-engagement
influencing macro-engagement and vice-versa. For example, engagement may be
affected by common contextual factors, such as personal (e.g., their interest),
environmental (e.g., where the engagement occurs, individual’s lifestyle) or social
context (e.g., family or culture). Due to the complexity of engagement, researchers
recognise that it is difficult to define what constitutes ‘good’ or ‘sufficient’ engagement.
Some individuals may require a longer period of engagement with an app than others

for the desired behaviour change to occur.

Despite the promise of health apps, engagement tends to be poor (55, 198). For
example, a Mobile Consumer Report found that for medical, health and fitness apps,
only 20% of users use the app one day after installation, and only 8% after seven days
after installation (54). A panel-based analysis systematically examined usage patterns
in 93 mental health apps and found that the median app retention rates at 15 and 30

days after installation were 3.9% and 3.3.%, respectively (55).

There is a growing literature on factors influencing engagement with health and
wellbeing smartphone apps. In the review of 41 studies described in Chapter 2, 26
factors were identified as being important for the uptake of, and engagement with, such

apps (44). In addition to a wide range of behaviour change techniques (e.g. self-
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monitoring, goal setting) (171, 199), several other factors were identified as influential,
including the role of healthcare professionals in the promotion and recommendation of
health apps (188) and embedded professional support (173). The latter was found to
be particularly important for certain behaviours (i.e. alcohol reduction, suicide
prevention, anxiety, self-harm), with stand-alone apps considered insufficient by users
and clinicians (170). In an assessment of 93 mental health apps, daily minutes of
engagement were higher for apps that included peer support (median=35.1, IQR=N/A,
n=2) and coping strategies, such as mindfulness and meditation (median=21.5,
IQR=15) compared with apps that incorporated self-monitoring or psychoeducational
features (median range=3.53-8.32) (55).

Few gualitative studies have been undertaken to explore factors that affect
engagement with health and wellbeing apps. Those undertaken have focused on
specific populations or behaviours as described in Chapter 2. Available studies have
focused on weight loss behaviours and alcohol reduction, and have found that health
information provided (198, 199), personalisation of app content (136) and tailoring of
content to the user’s demographics (199) are some of the factors deemed to be
important for engagement with weight loss and alcohol reduction apps. Most studies
conducted to date investigate features of health apps that are desirable by a certain
population, and little is known about factors deemed important for engagement with a
wider range of health and wellbeing apps. These studies suggest that the context in
which apps are developed and used might often be behaviour or population specific.
Most studies conducted to date investigate features of health apps that are desirable
by a certain population, and little is known about factors deemed important for
engagement across a wider range of health and wellbeing apps (44). Therefore, this
research intends to address this gap by exploring views of the ‘big four’ public health
priority behaviours related to prevention (smoking, alcohol consumption, physical
activity, diet) and mental health. The findings from this study may inform future app
development to improve user engagement with apps that target health promotion.
Findings may also be particularly useful for stakeholders in public health to inform the
development of interventions to promote engagement with evidence-based health and
wellbeing apps, for example directly contributing to the long-term plan of the NHS to

become ‘digital first’.
4.3.2. Theoretical framework

As described in Chapter 1, the COM-B and TDF together provide a detailed theoretical

framework that facilitate the careful consideration of factors influencing engagement
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with health and wellbeing apps and the use of the BCW to develop interventions to

improve engagement.
4.3.3. Aim

A theoretical framework informed by the COM-B model and the TDF was applied in this
chapter as well to investigate people’s experiences and reasons for engaging and not
engaging with health and wellbeing apps. The findings may inform future app

development to improve user engagement.
4.4. Methods

The methods of this study are described in Chapter 3. While Chapter 3 focused on the
presentation of the findings of the uptake of health and wellbeing apps and participants
views on curated health app portals, this chapter presents and focuses on the
engagement aspects of the research.

4.5. Results

4.5.1. Participant characteristics

Eighteen adults (mean age = 43, range 21-68) were recruited, of whom 10 were
females, 14 were White British, 13 were employed full time, 8 had college degree or
higher. Eleven participants reported currently using at least one health or wellbeing app
at the time of the interview. Three participants expressed their intention to change one
behaviour, with most participants interested in changing more than one behaviour (e.g.
losing weight, being more active, managing their mood). One participant had never
used health apps before and did not wish to express their views on engagement;
therefore, the findings of this study are based on the views and experiences of the
remaining 17 participants about their engagement with health and wellbeing apps (see
Chapter 3, Table 4.).

4.5.2. Factors influencing engagement with health and wellbeing apps

An overview of the factors mapped under the constructs of the TDF and components of
the COM-B can be found in Table 7. All relevant data was coded under 10 out of 14
constructs of the TDF. There was no data that could not be coded under any of the

constructs of the TDF.

90



Table 7. Perception of factors influencing engagement with health apps

COM-B component and Identified factor

TDF construct

Description

Psychological Capability

TDF construct: Knowledge

User guidance

Statistical information

Health information

TDF construct: Memory, attention Decision processes

Reduced cognitive load

Reminders

TDF construct: Behaviour regulation

Self-monitoring

Routines

Safety netting

‘Stepping stone’

Instructions on how to effectively use a health
app

A visual or numerical summary of progress or
guantification of the behaviour

Educational information related to health and
wellbeing aspects

The app is not too time consuming, easy to use
and requires minimal input

Preferably customisable, notification-type
messages

The ability of the app to support self-regulation of
the target behaviour

The ability to support routine/habit formation

Retaining the app for a potential precipitating
event in the future

App as a first step in the behaviour change
process

Physical Opportunity

TDF construct: Environmental resources

Tailoring

Innovative features and adaptability, and an
interactive, two-way communication between the
app and user

Social Opportunity

TDF construct: Social influences

Peer support

Social support

(practical)

Including social interaction with users with similar
needs within the app or within their community; a
choice to connect to social media platforms,
competitions and challenges with others or with
themselves

Possibility to contact health professionals and
practitioners within the app
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Table 7 (Continued). Perception of factors influencing engagement with health apps

COM-B component and Identified factor

TDF construct

Description

Reflective Motivation

TDF construct: Beliefs about capabilities

Self-confidence

TDF construct: Goals
Goal setting

Action planning

TDF construct: Beliefs about consequences

Commitment

Perceived capability to change one’s behaviour
using an app

Establishing what the user would like to achieve

Establishing how the user would like to achieve
set goals

The level of commitment while engaging with an
app to change the behaviour and achieve set
goals.

Automatic Motivation

TDF construct: Reinforcement
Feedback

Rewards

Encouragement

TDF construct: Emotions

Positive emotions

Negative emotions

Mixed emotions

Feedback regarding the user’s performance

e Tangible (objects, discount, etc.) and intangible
(badges, certificates, etc.) rewards in response
to the user’s effort

Gamification elements

Additional ways to provide reinforcement (e.qg.
encouraging messages)

Triggered by included user guidance, statistical
information, additional health information,
embedded professional support, community
networking possibilities, tracking features and
rewards

Triggered by lack of user guidance, invasive
push-notifications, cognitive overload,
unrevealed in-app costs

Triggered by reminders
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4.5.2.1. Capability to engage with health and wellbeing apps

4.5.2.1.1. Knowledge

Many participants perceived their knowledge on how to use an app, as well as
embedded statistical and health information, as an important influence on their
engagement with an app. We inferred this from the desire many people reported for
clear user guidance and, in some cases, for help on how to increase their capability to
perform a behaviour (e.g. demonstration of the behaviour). One participant explained
that they had stopped using an app in the past due to there being “insufficient guidance

on how to use it.” (P8)

“So, this is where | start getting, well why are you asking me these questions if
you’re not going to let me carry on with it and that’s where | start getting
confused, going back, not really understanding where | need to go from here.”
(P15)

Further, the necessity of statistical information about their progress and achievements
was reported by most participants:

“It’s nice to see your progress on a graph and it’s just very clear. It’s a single

screen, you have icons for all the activities that you’ve done during the day.” (P6)

In addition, most participants expressed the need for relevant and comprehensive

health information.
“Knowledge is key.” (P14).

Several participants stated that having educational articles embedded would help them
to build knowledge, and to understand and to manage their behaviour better. Not
getting enough health information was reported as the main reason for one participant

to look for a different app.

“It’s got to have the information that | want and have it easily accessible.” (P2)

4.5.2.1.2. Memory, attention, decision processes

Participants perceived reduced cognitive load and customisable, notification type
reminders as factors that positively affect their capability to engage with an app. All
participants described favouring apps with reduced cognitive load. This included apps
with limited complexity, less data input, and a limited number of available features to

choose from.

One participant suggested that an app should apply a multi-level approach with “a light

version of an app and then enhanced” (P15). They described that an app might have a
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simple version for basic users with no registration and minimum data input and a more

advanced version with all features available for power users.

Several participants expressed that a time-consuming app would be immediately
deleted.

“A mood tracker is something | probably wouldn’t use because it looks like it

would require a lot of data of me putting in and typing it on to stuff.” (P7)

Although push natifications were considered more or less annoying, many participants
described reminders as being particularly useful. One participant described that not

being reminded to engage with an app led him to disengage.

“Because | wasn’t reminded, | stopped using it. And I think that’s really
important.” (P1)

However, a few participants who reported not finding notifications useful stated that

they would immediately turn reminders off or delete the app.
“I’'m sure there are many apps I've deleted because of reminders.” (P7)

Others suggested that reminders might cause harm. For example, one participant
described uninstalling a smoking cessation app as reminders were periodically
reminding them about their addiction, thus serving as a prompt that induced cigarette
cravings. Two participants proposed that opting in to receive reminders would be
desirable instead of opting out. In addition, one participant suggested that human-like
reminders in the form of text messages would be less likely ignored, and would create

the perception of a human touch within the app.

“I think text messages would work better because | don’t ignore my text
messages and my WhatsApp messages because there’s real people connected
to those; you know? (...) if | could think of an ideal it would be a text message
that kind of asked you a question and you replied, and it felt like it was a human
being.” (P6)

4.5.2.1.3. Behaviour regulation
Participants perceived that self-monitoring, established routines, as well as safety
netting and ‘stepping-stone’ characteristics of the app, would enhance their

engagement with an app.

All described self-monitoring features as key in behaviour regulation, even when there

is no particular goal set or when achieving the goal shows a delay.
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“Monitoring, really because the goal is probably going to go a bit by the wayside
because work has been too busy, and life has changed and lots of stuff has
happened this year. So, I'm behind my goal but | still use it as a monitor.” (P17)

Some participants reported that a daily routine of using an app would make
engagement with it more accessible and continuous. Two participants described how
using a weight management app for a week was necessary for them to get into a
routine and helped them staying engaged after that. However, one of them explained

that it felt difficult using the app at the beginning, although after a few days it got easier.

A number of participants explained they perceived physical activity apps as stepping
stones to physical activity services with the app acting as an intermediate tool in
behaviour change. Two participants described that an app helped them to get enough
experience and practice home-workouts that boosted their confidence to sign up for a

gym membership eventually.

“You can just literally do it at home [fitness app] until you feel | suppose a bit

more confident to go out and join [the gym].” (P10)

Many of the participants described apps as a safety netting tool (e.g. relapse
prevention). Several reported a tendency to re-engage with a weight management app
periodically and when necessary to regulate their weight, for example before or after a
holiday season, or an important upcoming event because the app had helped them
achieve their goals in the past.

“I think | have periodically come back to it and thought ‘no it worked before; it’ll
work again’.” (P13)

4.5.2.2. Opportunity to engage with health and wellbeing apps

4.5.2.2.1. Environmental resources

Participants perceived that tailoring the technology was a factor that would influence
sustained engagement. Many participants expressed the need for features that would
create a better physical opportunity to engage with an app, and a more personalised
experience during the engagement. Many participants described seeking to engage
with apps that provide two-way communication that can adapt to the person’s needs
based on how they interact with such tools. Several participants mentioned the
inclusion of innovative features. These features consisted of embedded artificial
intelligence to receive health-related advice and tailored content, facial recognition and
recognition of non-verbal cues for better outcomes in physical activity, e.g. correcting

posture, and using the phone’s camera for providing nutritional data of cooked food.
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“If it’s smart, as well. Has it got a little bit of artificial intelligence built into the
background? Is it using my data? Is it saying “do you know what? Actually,
you’ve done really well this week, you've used the app this amount of times. How

are you feeling?” (P2)

One participant described that the lack of novelty of an app would lead them to
disengage with it. In contrast, another reported the opposite: they would feel put off if

they would need to learn new features.

“It's no good downloading an app and then six months later looking at that app

and it’s still the same, that would stop me.” (P14)

“If something’s working we want it to stay as it is, we don’t want it to change, and
even if there are improvements to it, if it’s new it can kind of put people off in a
way.” (P13)

Syncing with wearables or other additional devices was described as desirable by

many.

4.5.2.2.2. Social influences

Peer support and social support (practical) were perceived by participants as factors
that may sustain engagement with an app. Several participants perceived networking
within an online community as necessary peer support. Some described that sharing
and exchanging experiences with others would encourage and motivate them in their
journey. Others suggested anonymity for users as well as a moderation of discussions

to avoid “misinformation” (P12).

“I like the idea that it’s round the clock support, because so very often with mental
health issues it’s kind of 2 o’clock in the morning that they are the worst, and that
is when you need to talk to somebody, and the idea of having a community who

you don’t have to explain how you’re feeling sounds really good.” (P11)

Embedded social media to share their progress with others was reported useful feature
only by a few participants who were using physical activity or weight management
apps. However, a couple of participants highlighted that this feature should be optional.
Physical activity and weight management app users also described challenges and

competitions as motivating and fun:

“There’s challenges, which will help you with your weight loss, your fruit and
vegetable intake, the exercise challenges that you can do, either with yourself or

your friends, which are good for motivation.” (P15)
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All participants expressed their preference for an app that would offer built-in
professional support, such as health practitioners, coaches and dieticians (social
support, practical). One participant with an existing medical condition described the
need for health practitioner support within an app. Additionally, two participants
described that built-in support would help with accountability, and one participant
indicated they would be willing to pay to access an app with in-built support. Another
participant commented that the embedded professional support was the best feature of

a mental health app they were using:

“Yeah, if you could sort of talk to a healthcare professional in that app | think that
would be better, because then they would have the up to date | suppose
treatments and methods so that you know you’re not going on old information.”
(P10)

“I: If you would need to say just one thing that is the best in the app, what would
that be? P: The support.” (P11)

4.5.2.3. Motivation to engage with health and wellbeing apps

4.5.2.3.1. Beliefs about capabilities

Apps were perceived by several participants as useful tools to enhance their self-
confidence in changing their behaviour. One participant described that the community
networking opportunities further helped her self-confidence and motivated her to use
the app:

“The app made me feel more confident in doing it, even it was just basic home
exercises.” (P7)

4.5.2.3.2. Goals

Goal setting and action planning were perceived as key factors for sustained
engagement and motivators of behaviour change. Goal setting was reported to be
valuable by all to address behaviour change, but half of the participants described the

need for action planning features to help them achieve their set goals:

“I'd want something which was a bit more than press one button every day to say
you haven’t smoked; it was great for the first 10 minutes of using the app
because | got all this information about ‘wow thousands of pounds and the health
benefits’, and then after that it was literally just press this button to say you

haven’t smoked, and that wasn’t really enough for me.” (P13)
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4.5.2.3.3. Beliefs about consequences
Several participants expressed that their level of commitment to achieve their goal
shaped the level of engagement with the app they used:

“The app, the initial — the main reason you’re on that app is to get your result of

what you want to achieve, what you want to do to help you stay on track.” (P9)

4.5.2.3.4. Reinforcement

Many participants perceived feedback, rewards and encouragement automatic
motivational factors that may sustain engagement with an app. A number of
participants expressed that they needed continuous feedback to reinforce their

continuous use;:

“I think an app that might give you feedback, a notification, that would keep me
entertained and would keep my level of focus and wanting to continue with it.”
(P3)

Intangible rewards (i.e. badges, certificates) were described as another form of
reinforcement by several participants, for motivating them and as “nice” (P14) or
something to “show off” (P5). However, some other participants described intangible
rewards as “irrelevant”. They reported that the tangible rewards they received in the
past including cinema tickets, lower insurance premiums, loyalty points that can be
exchanged for objects or a free water bottle, provided better motivation to engage with
the app than intangible ones. In addition, a few participants expressed the need for

encouragement in the form of motivational messages:

“In this context, so badges, you earn nine of 24 badges so far. For me a little bit
irrelevant actually, what are you going to do with it, there’s other reasons why

you’re quitting, not to get the badges.” (P16)

4.5.2.3.5. Emotions

Participants expressed positive emotions regarding available user guidance, statistical
information, additional health information, embedded professional support, the
possibility for community networking, self-monitoring features and rewards. However,
negative emotions were expressed by lack of user guidance, invasive push-
notifications and cognitive overload. Finally, reminders were person dependent and

triggered mixed feelings across participants.
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4.6. Discussion

4.6.1. Principal findings

This chapter applied the COM-B and the TDF to explore users’ views about factors that
influence engagement with health and wellbeing apps. Based on the frequency that
themes occurred, it was found that knowledge, such as user guidance and statistical
information, memory, attention and decision processes, such as reduced cognitive
load, environmental resources, expressed by the tailored technology, and social
influences, referred as peer and professional support, are most important factors for
these participants for engagement.

Many factors that were identified in this chapter are consistent with previous literature.
Previous research found that engagement with health apps is greatly influenced by
factors affecting users’ capabilities including different types of knowledge (user
guidance, statistical information, health information) (44, 200), reduced cognitive load,
reminders and self-monitoring features (44, 59, 199). These factors could be targeted
during app development updates of existing apps to improve user engagement. In line
with previous findings, reminders were not found to be universally useful (44). One
possible explanation is that reminders may be behaviour-dependent and person-
dependent. Some participants reported that they had stopped engaging with a health
app because they were not reminded to continue using it, while others tended to ignore

or delete apps that sent reminders.

This chapter is the first to identify a novel factor, the perception of certain apps as
‘stepping stones’ to more intensive behaviour change. For example, a home-based
workout app or a walking app could seek to provide enough self-efficacy and
competence for an individual to join a gym or start using a running app. An explicit
‘stepping stone’ approach could be a useful addition for apps targeting behaviours that
are harder to achieve because of negative emotions, such as embarrassment, shame
or pressure, including those targeting sedentary behaviour. This novel finding shows
that sustained engagement is not always necessary to support desired health and

wellbeing outcomes through additional behaviour change activities.

Engagement is further influenced by users’ physical opportunities, such as tailored
technology, and social opportunities, peer support including community networking,
embedded social media and social competitions, and professional support (44, 59, 136,
173). Some users would want the app to be based on machine learning opportunities

and on two-way interaction with users. The adaptable nature of an app and the
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provision and level of artificial intelligence (Al) included may also play a key feature in
engagement. These factors may be harder to include once an app is developed;
therefore, it might be important to consider these aspects in the development process.
Indeed, such tailored technology may be the most important aspect to consider. For
example, while there may be financial considerations precluding the provision of
personal professional support within an app, this service may be developed using Al.
These forms of technological personalised models in health behaviours such as
nutrition or smoking, including machine learning models, has been suggested to aid the
process of making decisions about diet and food (201). However, Al was not yet found
in diet monitoring apps (202). A randomised controlled trial found that participants
allocated to an advanced version of a smoking cessation app with an Al chatbot had
107% higher engagement with the app, and over twice the odds of being abstinent at
one month follow up, compared with participants using the standard version of the app
(161). Furthermore, timely Al-based behaviour change support received just-in-time
may further increase behaviour change. Although unguided interventions can be
effective, having professional support within an app tends to increase effective
engagement (19). Simple interventions that do not require professional support can be
more widely disseminated and are more cost-effective than those with embedded
professional support (19).

Users’ reflective motivation, including beliefs in their capabilities (self-confidence) and
consequences (commitment) as well as goals (goal setting and action planning), are
essential for engagement. While the first two are harder to address because these are
within-person factors, the latter could be easily implemented as features of the app.
One possible way to increase self-confidence and commitment is perhaps to address
these within the app by using quizzes or articles (203), (e.g. for commitment ‘How to

stay on track to achieve your goal?’) or check-in messages using Al (161).

Emotions are considered automatic motivation factors and are a powerful driver of
behaviour that affect adherence, for example engagement with a health app (190). It is
noteworthy that this study did not identify emotions directly influencing engagement or
failed to identify them. However, this study found evidence that the other factors
affected participants’ emotions. Appealing features, such as statistical and health
information, embedded peer and professional support, and tracking features and
rewards, triggered positive emotions. In contrast, lack of user guidance, invasive
notifications and cognitive load triggered negative emotions. A better understanding of

how the presence or absence of specific features affect participants’ emotions may be
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useful for the development of new or refinement of existing apps, which, consequently,

may lead to better engagement with health apps.
4.6.2. Strengths and Limitations

The broad strengths and limitations are described in Chapter 3. However, there are
several additional elements of particular relevance to the work on engagement, and

these are described below.

The recruitment of a sample of participants with more diverse demographics might
have identified additional factors that are important for engagement. Several
participants were not using health or wellbeing apps at the time of the interviews and
had not downloaded any health and wellbeing apps in the past 6 months prior the
interview. This may have led to limitations associated with the challenges of
retrospective recall. Although the aim was to recruit heterogeneous sample to capture
a wide with ‘big four’ public health priority behaviours related to prevention (smoking,
alcohol consumption, physical activity, diet) and mental health apps, a homogeneous
sample may have allowed for a more in-depth understanding of engagement with apps
for specific behaviours.

The study only included participants who considered using a smartphone app to
change their behaviour in the future. Including participants who have used health and
wellbeing apps in the past, but are less receptive to using them now, may have
provided additional perspectives on factors influencing app engagement. Findings may
be influenced by the intention-behaviour gap, with participants reporting on factors
perceived as important for changing their behaviour through an app; however, this
does not mean that they would act on their intention. One example of this is the finding
that many participants wanted access to an online community. Although, online
communities typically suffer from the '90-9-1 principle’, whereby the content in online
communities is generated by 1% of the members with 9 percent editing or modifying it,
while 90% are passive observers (204), this may not be the case with a closed
community built to support behaviour change, where individuals are seeking support

from each other.

Additionally, the meaning of the term engagement was not explicitly defined during the
interview when individuals shared their experiences and views of engagement. Their
interpretation of engagement is likely a mixture of micro-and macro-engagement and
distinction between micro- and macro-engagement was not considered when

interpreting findings.
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4.6.3. Implications and future research

This chapter provides insight for stakeholders in public health, policymakers, and
developers of apps that target disease prevention and health promotion. Findings may
also be used to inform the development of interventions aiming to promote
engagement with evidence-based health and wellbeing apps. In the UK, this aligns with

the priorities of the NHS Long Term Plan (i.e. ‘digital first’).

The main finding of this chapter is centred around providing necessary support for
increased engagement with health apps. This chapter found that embedded
professional support may have a substantial impact on engagement, although it may
not be beneficial for all health behaviours. Embedded social support may be
particularly important for some behaviours that are more likely to be complex and
require intensive support in order to maintain engagement. These behaviours are the
ones that require reassurance, guidance or emotional support (19), such as apps
targeting substance misuse, or the ones developed to improve mental health. While it
is not always feasible to develop an app with embedded professional support, there
might be different ways to address this need outside of the app. For instance, there
may be a way to provide support within the community-based care to assist with the
uptake of health apps and with the progress or potential barriers of engagement.
Another way to mitigate the absence of embedded professional support is to
investigate the potential efficacy of advanced computational techniques, such as Al, to
mimic the support provided by healthcare professionals (e.g. in the form of chatbots or
other types of conversational agents). There is an urgent need for more research on
the optimal type (e.g. technology-mediated or ‘blended’) and timing of support needed

within various health and wellbeing smartphone apps.

To better meet users’ needs, the design of apps would ideally be informed by a user-
centred and iterative development process, supported by mixed-methods research
including in-depth interviews. As app engagement is generally greater in those with
higher socioeconomic status (101), involving individuals with lower socioeconomic
status is particularly important (19). Furthermore, people directly affected by the digital
divide, or digital exclusion and who may struggle to benefit from health apps due to a
lack of skills or low digital literacy, could be targeted by offering app-use tutoring. While
this may require investment or relocation of resources within community health care
settings, it may increase the reach of health apps and lead to a greater public health
benefit. Furthermore, there may be a tension between users wanting the app to be
easy to use (which may be facilitated by providing user guidance) but at the same time

not too time-consuming. As the provision of user guidance helps individuals with limited

102



technological skills, such features should still be prioritised. Undoubtedly, finding the
balance between producing an app with all features necessary for behaviour change to
occur and ensuring the app is intuitive enough will pose a challenge for app

developers.

Additionally, more experimental research would help us to better understand the effects
and potential interactions between the engagement factors identified in this study
including usability (ease of use), reminders, embedded support, rewards and goal
management. Table 8 provides a summary of recommendations to help app
developers and commissioners design interventions to increase effective engagement.

These factors are structured around the COM-B and TDF.
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Table 8. Recommendations for policy makers, industry, healthcare providers and app

developers for maximising engagement with health and wellbeing smartphone apps.

COM-B Recommendations for policy makers, health app portal providers, app developers
component
1. Capability 1.1. Provide user guidance on how to use an app, visual and/or numerical

1.2.
1.3.
1.4.
15.

1.6.

2. Opportunity 2.1.
2.2.

2.3.
2.4.

2.5.

3. Motivation 3.1.

3.2.

3.3.
3.4.

3.5.

3.6.

summary of progress and evidence-based additional health information
related to the behaviour targeted by the app

Minimise time required to use app where possible

Provide customisable reminders that users could opt out

Provide the option of self-monitoring features

Promote safety-netting and relapse prevention features such as the possibility
to restart or reengage with the app later

Promote a routine for engagement with an app e.g. highlighting the role that
routine may play in effectiveness of an app

Collaborate with interaction design experts and end-users to enhance the
aesthetics of apps

Provide the possibility for community networking within the app and linking to
social media as an optional feature to share progress where appropriate
Offer the possibility for social competition and challenges where appropriate
Consider the provision of embedded professional support, and if this is not
feasible, providing offline one-to-one support with the uptake of and the
engagement with health apps. This may improve motivational factors, such as
commitment, self-confidence and perceived competence of engaging with a
health app

We advise that exploration should be made for where engagement
enhancement could be made with appropriate and proportionate machine
learning and artificial intelligence or other forms of learning system.

Develop a time-efficient app that would require as much engagement as is
required to achieve the desired outcome. This might be different for different
behaviours

Include reinforcement in forms of feedback, encouraging messages and
rewards

Offer intangible rewards, such as certificates or badges

Offer tangible rewards that can be converted as discount in other places (e.qg.
health insurance providers or pharmacies, sports parks)

Include goal setting as well as action planning features on how to achieve set
goals (when applicable)

Take into account user's emotions about certain features by involving users in
the development and update of health apps as lack of some features could
provoke strong negative emotions such as disappointment and might lead to
rapid disengagement

4.6.4. Conclusion

People perceive their capability to engage with an app as an important influence on

their sustained engagement with it. This perception was inferred from people’s desire

for apps to contain clear user guidance, require less cognitive load and support easy

self-monitoring. Tailored technology and peer and professional support may influence

users’ opportunity to engagement with an app and goal setting with action planning

may play a key role in motivation to engage with an app.
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4.7. Next steps

This chapter marks the end of the first stage of this thesis. Findings from studies
reported in Chapters 2 and 3 suggest that social influences and the perceived utility of
the app may be the core factors influencing the uptake of health and wellbeing apps.
However, these studies relied on participants’ perceptions and it was deemed to be
important to investigate some of these factors through an experimental methodology.
Therefore, the next stage of the thesis describes the development of a discrete choice
experiment (Chapter 5) that aimed to elicit participants’ preferences for the uptake of a

smoking cessation app.
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Chapter 5. Understanding uptake of
digital health products: Discussion
of the Methodology of a Discrete
Choice Experiment using a Bayesian
efficient design.

5.1. Dissemination

A version of this Chapter has been published as a tutorial in the Journal of Medical
Internet Research (205). See Appendix 14 for the published peer reviewed journal

article.
5.2. Abstract

Understanding the preferences of potential users of digital health products is beneficial
for digital health policy and planning. Stated preference methods could help elicit
individuals’ preferences in the absence of observational data. A discrete choice
experiment (DCE) is a commonly used stated preference method: a quantitative
methodology that argues that individuals make trade-offs when engaging in a decision
by choosing an alternative of a product or service that offers the greatest utility, or
benefit. This methodology is widely used in health economics in situations where
revealed preferences are difficult to collect but is much less used in the field of digital
health. This chapter outlines the stages involved in developing a discrete choice
experiment. As a case study, it uses the application of a DCE for revealing preferences
in targeting the uptake of smoking cessation apps. It describes the establishment of
attributes, the construction of choice tasks of two or more alternatives, and the
development of the experimental design. This chapter offers a guide for researchers

with no prior knowledge of this research technique.
5.3. Introduction

Understanding how the public value different aspects of digital health tools, such as
smoking cessation or physical activity apps, can help providers of the tools to identify
functionality that is important to users, which may improve uptake (i.e. selection,
download and installation of apps) (206), which was described in Chapter 1 as being

generally low. More information regarding the preferences of users when selecting a

106



digital health tool, for example via an app store, may allow providers to present their
products in such a way that may increase their uptake. However, pragmatic challenges,
such as examining how each potentially modifiable aspect of a digital health product
(e.g. presentation, design and features that it offers) or intervention design will impact
preference or choice of uptake, often mean this is not feasible or practical (207).
Therefore, increasing attention is being paid towards stated preference methods to
understand preferences when designing digital health products and services, with
examples including COVID tracing apps (208, 209), sun protection apps to prevent skin
cancer (210), and the uptake of health apps in general (86).

Stated preference methods are survey-based methods aiming to elicit individuals’
preferences on a specific behaviour, particularly those that are not well understood.
The most widely used type of stated preference method is the discrete choice
experiment (DCE) (211). Louviere and Hensher (1982) and Louviere and Woodworth
(1983) originally developed DCEs to study the marketing and economics of transport,
and the fields of psychology and economics have profoundly influenced the DCE
methodology since it was developed (212). In recent years, DCEs have been
increasingly employed in health and health care settings (213, 214), as well as in
addiction research (215) and digital health (86, 209, 210). The increasing number of
DCEs in digital health highlights their potential although they are currently

underutilised.

DCEs differentiate from other stated preference methods in the way that responses are
elicited (216). The DCE uses a survey-based experimental design where participants
are presented with a series of hypothetical scenarios. In these scenarios, participants
are shown situations, known as choice tasks. Attempting to mimic real-world decision-
making, in each choice task participants then have to choose a product or a service
from two or more options, known as alternatives (217). Each alternative consists of a
set of characteristics, known as attributes, with at least two types, known as attribute
levels (217). Participants are asked to choose a preferred alternative in each choice
task, which allows researchers to quantify the relative strength of preferences for

improvements in certain attributes (212, 218).

The outputs from statistical models developed using DCE data can be beneficial for
estimating uptake of new products or services, including digital health tools, where
observational data is not available or is difficult to obtain otherwise (219, 220). Lack of
observational data often implies a requirement to seek scientific views and comments

from experts, to generate predictions of a target behaviour (221). However, DCEs can
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provide an empirical alternative to expert opinions while accounting for possible
interactions between attributes (e.g. design of a product and brand name), which are

otherwise often ignored (222).

Findings of Chapter 3 suggested that individuals found curated health app portals
promising, therefore this study wanted to understand how to present health apps on
curated health app portals to increase their uptake. This chapter elaborates on the
development of a DCE in digital health that aimed to elicit potential user preferences on
smoking cessation app uptake. It explains how the attributes and their levels are
selected and describes the construction of choice tasks and the experimental design.
The study protocol of the research this study is based on is registered on the Open
Science Framework (https://osf.io/5439x/).

5.4. The development of a discrete choice experiment

The development of the DCE should follow published recommendations, including the
checkilist for good research practices (213), guides on the development of a DCE (217,
223), recommendations on how to construct the experimental design (223-227), and

which statistical methods can be used (228).
5.4.1. Establishing attributes

An important step in designing a DCE is the identification of the relevant attributes for
the subject matter. Attributes in a DCE can be quantitative, such as cost, or qualitative,
such as the design of a product (229). The identification of attributes is typically based
on primary and secondary data collection to ensure that the DCE is tailored to the
study setting (217). It should ideally commence with a literature review which will inform
gualitative research to identify relevant attributes (230). Although there is no set limit on
the number of attributes that can be included in a DCE, to ensure that the cognitive
load of the participants is manageable, it should be less than ten (217) with a general

expectation to include five to seven attributes (231).

This DCE was based on a comprehensive systematic review investigating factors
influencing the uptake and engagement with health and wellbeing smartphone apps
(44) described in Chapter 2, and a qualitative research component that consisted of a
think-aloud and interview study to examine further the previously identified factors or
attributes (165) described in Chapters 3 and 4. The importance of qualitative research
lies in ensuring inclusion of attributes that are relevant to most participants (229). Of
the 14 factors initially identified as being relevant for the uptake of health and wellbeing

apps, only a few were retained and included in the DCE: the monthly price of the app,
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who developed the app, the star ratings of the app, the description of the app and
images shown. These factors were chosen due to their perceived importance during a
previous qualitative study described in Chapters 3 and 4 and for pragmatic reasons
including how easily measurable and presentable they were within a DCE. See

Appendix 15 the actions taken regarding the 14 factors relevant for uptake.

An important step in designing a DCE is in ensuring the content validity of the
instrument: the identification of the relevant attributes for the subject matter. Following
administration of the survey, methods are available for the measurement and
assessment of the content validity of the instrument, although their use is not widely
reported (232).

5.4.1.1. Establishing attribute levels

The next step is to establish the attribute levels. The level of an attribute must also be
of a range that ensures a trade-off between attributes. A trade-off is defined as an
exchange in which a participant gives up some amount of one attribute to gain more of
another. It has been suggested that increasing the number of levels for an attribute
increases the relative importance of that attribute (233), and that imbalance of numbers
of levels across attributes raises the importance of the attributes with higher levels
(234). Yang and colleagues have suggested a balance exists between simpler designs
with lower numbers of levels, which reduce respondent burden (and consequently
measurement error) and are useful for identifying attribute rankings; and more complex
designs with higher levels (and higher statistical precision) and are more sensitive to
identifying trade-offs between attributes (234). Based on this, and the commonly
adopted practices in the research field, this study aimed to include at least three levels
for each attribute.

If a range is not suitable, participants might consider the differences between levels
unimportant (229). For example, the difference of the star ratings of 4.8 and 4.7 of a
smoking cessation app are not as relevant as a difference of 4.8 and 4. In this DCE, to
refine the attribute levels, a survey was conducted with 34 participants. In the survey,
the levels of two attributes the authors involved were unsure of, the monthly price of the
app and the ratings, were carefully considered so that the levels of these two attributes
were specified at a sufficiently wide range that the difference between the levels would
likely make a difference in response. When a range is not wide enough, there is a risk
that participants could ignore the attributes because they judge the difference between
levels to be insignificant (223). See Table 9. for the final list of attributes and levels
included in the DCE.
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Table 9. The attributes and attribute levels included in the DCE.

TDF construct Attributes Attribute levels
e £0
Environmental 1. The monthly e £299
resources (cost) price of the app e £599
e £8.99
o Does not say
Social influence 2. Who developed * .
. e ‘Mhealth Essentials Ltd.’
(credible source) the app « 'NHS Digital
e Does not show
Social influence (social 3. The ratings of e 3.2 stars
proof) the app e 4 stars
e 4.8stars
e Generic, to create a rough idea of what the app
Beliefs in is about without getting into details of app
consequences 4. App descriotion features
(perceived utility of the - APP P e  Short with some details about app features
app) e Long and detailed description of the app and its
features
Beliefs in
consequences Shows the logo of the app

5. Images e  Shows the screenshot(s) of the app

ived utility of th
(perceived utility of the e  Shows the logo and screenshot(s) of the app

app)

5.4.2. Choice tasks

Once the attributes and their levels are identified, the decision to develop ‘full-profile’ or
‘partial-profile’ tasks with or without an opt-out option needs to be made. Full-profile
refers to the display of all five attributes in both alternatives in each choice-set. A
partial-profile DCE will not present certain attributes for certain alternatives. For
example, if a DCE was used to investigate the trade-off between a higher number of
attributes (e.g. a total of nine attributes), it could be beneficial to limit the number of
attributes shown at one time (e.g. five attributes) to limit participant cognitive load. Five
attributes is generally considered low enough to complete a full-profile choice task
which consequently maximises information about trade-offs (235). Hence, in this study,

a full profile DCE was applied.

A neutral option (‘Neither of these two’), known as an opt-out alternative, was included
in addition to selecting alternative apps. The opt-out option has the potential to make
the choices more realistic (236) by simulating a real-world context where individuals
can exercise their right not to take up an app, given the apps on offer (223). In this

DCE, participants had the option to choose or reject the hypothetical uptake of a
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smoking cessation app. However, where a participant selects the opt-out option, no
information is provided on how they trade-off attribute levels or alternatives (217). In
some situations, a forced-choice scenario can be included, where participants who
chose an opt-out option are prompted to make a choice regardless. An example of a
scenario with an opt-out option is shown in Figure 6.

You wish to quit smoking, and vou decide to select a smartphone app to do that. Please look at the options
carefully, and decide on which app (App 1 or App 2) vou think vou would likely want to download and use to
help you quit smoking.

You could also choose “NWeither of these two’ if you do not like either option and would not choose to download

either app.

Take your time to make a decision. Please, select an option and click on the arrow to continue.

App1 App 2
The monthly price of the app £8.99 f0
Who developed the app Mhealth Essentials Ltd. NHS Digital
The ratings of the app 4.8 4.0

Generic, to create a
rough idea of what the
App description app is about without
getting into details of
app features

Short with some details
about app features

Logo and screenshot(s)

of the app Logo of the app

Images shown

App 1

App 2

Neither of these two

Figure 6. An example of a scenario with an opt-out option used in the discrete choice

experiment.
5.4.2. Experimental Design

An experimental design is a systematic method of generating the choice sets that are
presented to respondents. This one enables the specification of the choice sets that
respondents see, with the objective of obtaining a high quality data set (211). When

creating the experimental design, there are several aspects that need to be taken into
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consideration including: 1) the analytical model specification, 2) whether the aim is to
estimate main effects only or interaction effects as well, 3) whether the design is
labelled or unlabelled, 4) the number of choice tasks and blocking options to be used,
5) which type of design of the choice matrix to use (e.g. full factorial or fractional
factorial, orthogonal or efficient design), and 6) how the attribute level balance is

achieved. These are now considered.
5.4.2.1. Analytical model specification

The first step in the generation of an experimental design is to specify the analytical
model to estimate the parameters of the DCE. This step is an important component of
choosing the type of choice matrix design, described later in this chapter. The
approach selected here needs to be accounted for when generating the structure of the

experimental design.

A discrete choice model describes the probability that an individual will choose a
specific alternative. This probability is expressed as a function of measured attribute
levels specific to the alternative and of characteristics of the individual making the
choice. This probability is represented by the dependent variable (the choice variable),
which indicates the choice made by participants (212). In this modelling framework the
attributes are the independent variables (212, 217).

As part of the analytical model specification, knowing what type of statistical analysis
will be used is key. Data analysis involves regression modelling in a random utility
framework (212). The random utility model conventionally used is also based on
Lancaster's theory of consumer demand (237) which together assume that individuals
make trade-offs when making a decision, and would choose an option that offers the
greatest utility (238), determined by how much importance the individual places on the

attributes associated with the product (239).

The Multinomial Logit (MNL) model has been previously described as the ‘workhorse’
of DCE estimation (240, 241), and it typically serves as a starting point for basic model
estimation (although alternative models, such as probit, may be used). It is important to
note that MNL requires some important assumptions and limitations; for example
independence of irrelevant alternatives, homogeneity of preferences, and
independence of observed choices (242, 243). Extensions of MNL (e.g. nested logit,
mixed logit, and latent class models) may be employed to account for these limitations
(241, 242).

Based on the model specified in this DCE, the underlying utility function for alternative j
(240) is shown in the Textbox 1 below.
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Textbox 1. The utility function used in this DCE research.

Uj = (B cost * Xj cost) + (B developer * Xj developer) + (B ratings * Xj ratings) + (,3 description * Xj description)

+ (,8 images * Xnj images) +&

Note:

1) U the overall utility derived from alternative j

2) s the coefficient attached to Xj estimated in analysis and represent the part-worth utility
attached to each attribute level

3) ¢isthe random error of the model, in other words, the unmeasured factors influencing variation
of preferences

5.4.2.2. Main effects or interaction effects

The next step in model specification is deciding whether main effects or interaction
effects will be investigated. Main effects, the most commonly used, investigate the
effect of each attribute level on the choice variable. The effect on the choice variable
gained by combining two or more attribute levels (e.g. app developer and the app's
monthly cost) refers to an interaction effect (217). In this DCE given the novel nature of
the research in the uptake of health apps and the lack of empirical evidence to suggest
the presence of potential interactions between attributes, a decision to only look at

main effects was made.
5.4.2.3. Labelled or unlabelled

In a labelled experiment, the alternatives are specific and different (e.g. smartphone
app-based smoking cessation intervention vs website-based smoking cessation
intervention) and alternative specific attributes could be used (e.g. some attributes
relevant only for apps and others for websites). This is in contrast to an unlabelled
experimental design, where the alternatives are unspecified (e.g. smoking cessation
app alternative 1 vs smoking cessation app alternative 2) and also must have the same
attributes. Given a DCE model estimates parameter for each of the alternatives being
considered, these alternative specific parameters must be included in the structure of
the experimental design (described in the next section) in a labelled experiment; in an
unlabelled experiment, because they are arbitrary, they are excluded (226, 244, 245).
In health economics, the unlabelled approach is the most common. In this DCE, the
unlabelled approach was deemed to be logical here as different presentations of the

same app were compared. Therefore, this DCE design applied an unlabelled approach.
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5.4.3. Generation of the structure of the experimental design

Once the model is specified, the structure of the experimental design can be
generated. For this stage hypothetical alternatives are generated and combined to form
choice tasks, based on the chosen attributes and their levels. Several different software
packages may be used to generate the experimental design of a DCE, such as Ngene,
SAS, SPEED, SPSS, Sawtooth. For this DCE, Ngene software was used (246).

5.4.3.1. The number of choice tasks and blocking

The next step in the generation of an experimental design is to decide on the choice
task and blocking. In order to minimise respondent and cognitive burden, and the risk
of participants losing interest during the DCE task, consideration must be paid to the
target population, the number of tasks, and their complexity (217). The higher the
number of attributes, alternatives and choice tasks, the higher the task complexity
(223). The literature suggests that a feasible limit is 18 choice sets per participant (247,
248). In the review by Marshall and colleagues, most studies included between 7 and
16 choice sets (231). In this DCE 12 choice tasks per participant were administered,
which were deemed to be a humber low enough to avoid excessive cognitive load but

high enough to establish sufficient statistical precision.

Forty-eight choice tasks were developed and blocked into four survey versions (12
choice tasks for each). Each block represented a separate survey and participants
were randomly assigned to one of the four survey versions. Blocking is a technique
widely used in DCEs to reduce cognitive burden, by partitioning large experimental
designs into subsets of equal size, and thereby reducing the number of choice tasks
that any one respondent is required to complete (249). Blocks were generated in
Ngene software, which allows for the minimisation of the average correlation between
the versions and attributes’ levels (250). For the blocking to be successful, the number
of choice tasks included in one block must be divisible by the number of the attribute

levels; in this DCE, attributes had either three or four levels.

It is noteworthy that, in order to undertake the sample size calculation, it is crucial to
know the number of alternatives per choice set, the largest number of levels of any
attribute (for DCEs looking at main effects only) or the largest level of any two attributes
(for DCS looking at interaction effects) and the number of blocks (240). Therefore,

DCEs using blocking require a larger sample size (249).
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5.4.3.2. Type of choice matrix design

Depending on the number of attributes and their levels, a full-factorial or fractional
factorial design can be applied. A full factorial design would include all possible
combinations of the attributes' levels and allow the estimation of all main effects and
interaction effects independently of one another (223). However, this type of design is
often considered impractical due to the high number of choice tasks required (223). To
illustrate this, the formula of calculation of the possible unique choice alternatives for a
full factorial design is: LA, where L represent the number of levels and A the number of
attributes (241). If the attributes in the DCE have a different number of levels these
need to be calculated separately and multiplied together. In order to reduce response
burden, a fractional factorial design in Ngene was generated (246), representing a
sample of possible alternatives from the full factorial design. In this way the total 432
alternatives in the full design (given by L = 42 x 33), was reduced to a fractional sample

of 96 alternatives, arranged in 48 choice pairs.

Systematic approaches for generation of fractional factorial designs may further subset
into orthogonal design and efficient design. An orthogonal design is a column-based
design based on orthogonal arrays which present properties of orthogonality (attributes
are statistically independent of one another) and level balance (levels of attributes
appear an equal number of times), and does not introduce correlation between the
attributes (240). An orthogonal array is an optimal design that is often used for DCEs

examining main effects when the number of attributes and their levels are small.

For studies with five or more attributes with two or more levels, an orthogonal design
may not be practical. There has therefore been a recent change in thinking toward a
nonorthogonal and statistically more efficient design (240). When perfect orthogonality
and balance cannot be achieved or are not desirable, an efficient design can be
applied (223). In contrast to an orthogonal design, an efficient design aims to increase
precision of parameter estimates for a given sample size (i.e. minimising the standard
errors of the estimated coefficients), while allowing some limited correlation between
attributes. The most widely used efficiency measure is D-error which may be easily
estimated using various software packages such as Ngene, and refers to the efficiency
of the experimental design in extracting information from respondents (225).
Experimental designs generated using this approach are known as D-efficient designs.
A D-efficient experimental design is also recommended to maximise statistical

efficiency and minimise the variability of parameter estimates (211).
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An efficient design requires that known prior information about the parameters (known
as ‘priors’) are made available to the algorithm, and also requires the analyst to specify
the analytical model specification, as described previously. Depending on what
information is available, one of three types of D-efficient design can be generated
(225).

1) D;-efficient design (z stands for zero priors) - if no prior information about the
magnitude or directions of the parameters are available (D;-efficient design is
an orthogonal design). This design assumes the parameters are zero.

2) Dp-efficient design (p stands for priors) - assumes a fixed, certain value and
direction for the parameters

3) Dy-efficient design (b stands for Bayesian) — A Bayesian approach whereby the
parameter is not known with certainty, but may be described by its probability

distribution

Best practice is to pilot the DCE. For the pilot phase, there is limited information
available and using D;-efficient or Dy-efficient design is sensible. In this DCE a Dp-
efficient design was applied as the direction of priors of the app was known from the
previously conducted survey to narrow down the attribute levels and to provide prior
estimates of the parameters for the attribute levels. For example, it is known that a
trusted organisation will likely positively influence uptake and cost estimated negatively
so. The direction of priors was assumed to be a very small near zero negative or

positive value for the design.

The pilot phase provided estimation that was used to generate a Dy-efficient design for
the final DCE. It is noteworthy that when the parameter priors are different from zero,
the efficient design generated produces smaller prediction errors than the orthogonal
designs (225, 251, 252). Hence, a D-efficient design will outperform an orthogonal
design, and, (given reliable priors) a Dy-efficient design will outperform a D.-efficient
design (225). Further, when reasonable assumptions about the distributions are made,
a Dy-efficient design will outperform a D,-efficient design. Therefore, it may be
advisable to start piloting with a Dy-efficient design and to generate a Dp-efficient
design for the final DCE. The DCE literature provides a detailed and more
comprehensive description of the orthogonal and efficient designs (225), and

approximation of Bayesian efficient design (227).
5.4.3.3. Attribute level balance in the model
The attribute level balance aims to ensure all attribute levels ideally appear an equal

number of times in the experimental design. The allocation of the attribute levels within
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the experimental design can affect statistical power; if a certain level is under-
represented in the choice sets generated, then the coefficient for that level cannot be
easily estimated. How attributes levels are distributed is therefore an important
consideration when designing the choice sets. Dominant alternatives, where all
attribute levels of one alternative are more desirable than all attribute levels in the
other, do not provide information of how trade-offs are made, as individuals usually
would select the dominant alternative. Therefore, avoiding dominant alternatives in the
experimental design is important and can be achieved by consulting the software
manual to ensure the correct algorithm is used. The syntax used in Ngene to generate
choice sets of the pilot phase and more information about the algorithm used can be

accessed on the Open Science Framework (https://osf.io/5439x/) (253).
5.4.4. Piloting the DCE and generating the Bayesian design

As well as providing estimations for the choice matrix design described above, piloting
offers an opportunity to ensure that the information is presented clearly, and that the
choices are realistic and meaningful. It also provides insight into how cognitively
demanding it is for respondents to complete. This can be achieved by gathering
feedback on the survey completion process. The findings of the pilot may suggest that
the DCE needs to be amended, such as reducing the number of choice sets or the
number of attributes, so that the responses are a better reflection of participants’
preferences and improve the precision in the parameter estimates (217). There is no
formal guidance on how large the pilot sample should be, this is largely guided by
budget and complexity of the experimental design. Accuracy of the priors will improve
with increasing sample, but as few as 30 responses may be sufficient to generate
useable data (246).

In the pilot study, feedback from participants suggested that with the initial order of the
attributes there was a tendency to ignore the last two attributes, the app description
and images, the most text heavy attributes. This may have compromised the
examination of the relative importance of those two attributes (description and images
of the app). Therefore, the decision to change the final order of the attributes from 1)
monthly price of the app, 2) the ratings of the app, 3) who developed the app, 4) the
description and 5) images shown, to the one listed in Figure 6, was made. The longest
completion time for the survey was under 12 minutes. Thus, it was concluded that the

number of choice tasks did not need to be reduced.

In this study, the data from the pilot phase was analysed using the freely available

Apollo package in R (254). The coefficients and their standard errors from the output
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were used as priors to generate the final choice sets using the Bayesian efficient
design following the steps described previously. The syntax used in R used to analyse
the pilot data and that used to generate the Bayesian efficient design in Ngene can be
accessed on the Open Science Framework (https://osf.io/5439x/) (253).

5.4.5. Internal validity

Assessing the internal validity of a DCE can help with understanding the consistency
and trade-off assumptions made by participants (255). There are several ways to
examine the internal validity of a DCE. For example, in the stability validity test, a
choice task would be repeated later in the sequence to investigate the consistency of
the participants’ decision, whether the respondent would choose the same alternative
(255). Another way to test internal validity is the within-set dominated pairs type of
internal validity in which one alternative is a dominant alternative in which all attributes
are of the most desirable. The choice sets designed to measure the internal validity are
excluded from the analysis. There are several internal validity tests that are built in
software packages such as MATLAB (255), although these can be produced manually

as well.

In this research the stability validity test was used to check the internal validity by
repeating a randomly generated choice set (in this case it was the fourth). Therefore,
participants were shown 12 choice tasks, plus an additional ‘hold-out’ task. The data
from the randomly generated hold-out task was excluded from the analysis. While
internal validity checks provide some measure of data quality, it should be noted that
answering a repeat choice inconsistently is not a violation of random utility theory
(256). Furthermore, there is no consensus on what to do with the data from responses
that ‘fail’ validity tests. Following the advice of Lancsar and Louviere (2006) participants
who ‘failed’ the internal validity check were not excluded, as that may cause statistical
bias or affect statistical efficiency (257). However, data on internal validity was reported

to enable the reader to make a judgement on likely biases.

All additional study materials used in this example, including the full dataset and the
results of the DCE, can be accessed on Open Science Framework
(https://osf.io/5439x/) (253).

5.5. Discussion

This chapter describes the development of a DCE, following the stages required to
establish attributes and their levels, construct choice-tasks, define the utility model,

decide on labelled and unlabelled choices to apply, decide on the number of choice
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tasks that need to be generated, as well as make decisions on the structure of the
experimental design, how to achieve attribute level balance, to assess the internal
model validity, and to pilot test. In doing so, the intention is to advance methodological
awareness of the application of stated preference methods in the field of digital health,
as well as to provide researchers with an overview of their application using a case

study of a DCE of smoking cessation app uptake.

Although DCEs are widely used to understand patient and provider choices in
healthcare (212, 214, 219, 258), they have only recently started to gain popularity in
digital health (86, 209, 210), and as such represent an underused approach in digital
health. With the growing evidence of the benefit of digital health initiatives, there are
clear benefits to widening the application of DCEs so that they may more routinely
inform digital health development, digital tool presentation, and most importantly to
predict uptake and engagement with digital products. Whilst several attempts have
been made to measure engagement with digital tools using a wide range of
methodologies (259-261), the insights that is available from them that can be translated
to uptake are limited. One plausible explanation is that uptake of digital tools is difficult

to empirically measure.

DCEs bring several benefits to help overcome the issue of measuring uptake in digital
health or in other areas where the measurement of the predictors of uptake in a good
or service is required. For example, as illustrated by the case study here, they enable
the researcher to gain measurable insights into situations where quantitative measures
are hard to otherwise obtain, such as the factors impacting the uptake of health apps
on curated health app portals. A DCE also helps to quantify preferences to support
more complex decisions (262). An example would be the consideration of how to plan
the development of an app that would provide appealing looks or features that would
promote uptake. The DCE methodology is also considered to be a convenient
approach to investigate the uptake of new interventions, including digital health
interventions (240), for example digital behaviour change interventions using health
and wellbeing smartphone app. Therefore, DCEs can be used in hypothetical
circumstances, enabling the measurement of preferences for a potential policy change
or digital health system change before it is implemented (217), such as the recent
investigation of the uptake of a COVID-19 test and trace health app (208, 209). The
experimental nature of the DCE also means that participants’ preferences can be
recorded based on controlled experimental conditions where attributes are
systematically varied by researchers to provide insight into the marginal effect of

attribute changes on individuals’ choices (263).
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Despite their benefits, the application of DCEs present several challenges. As with all
expressed preference methodologies, the hypothetical nature of the DCE choice-set
raises concerns about external validity and the degree to which real-world decisions
might equate to those made by study participants under experimental conditions, a
phenomenon known as the intention-behaviour gap (264). As such, participants may
believe they would choose a scenario presented and described in a choice task, but in
real-life there might be other factors that would influence their behaviours, such as the
aesthetics of the app (44). This limitation can at least partially be overcome by
developing convincing and visually appealing choice tasks. Nevertheless, to date there
has been limited progress in testing for external validity due to the difficulty in
investigating preferences in the real world (240). Indeed, a recent systematic review of
the literature on DCEs in health care reported that only 2% of the included studies
(k=7) reported details of the investigation of external validity (249), whilst an earlier
systematic review and meta-analysis (k=6) found DCEs have only a moderate level of
accuracy in predicting behaviours of health choices (265). To date, no study has been
published that investigates the external validity of a DCE developed in digital health.
One potential opportunity to undertake some testing would be through a curated health
app portal, where the same health app is presented in two or more different ways. With

the help of website analytics actual user behaviour could be measured in this situation.

A final significant concern associated with the use of a DCE is that any single choice
set is unlikely to be able to present the user with all relevant attributes, regardless of
how well it has been developed (265). Choosing the most relevant attributes to test in a
DCE, therefore, requires comprehensive preparatory research, which can lengthen the

time required to undertake the development phase of any piece of work.

In summary, DCEs have significant potential in digital health research, and can serve

as an important decision-making tool in a field where observational data is lacking.

5.6. Next steps

This chapter described the second stage of the thesis, the development of a discrete
choice experiment informed by the findings of the first stage of the thesis, reported in
Chapters 2 and 3. The next steps of the thesis and the final stage were to describe the
findings of the discrete choice experiment and to report on a series of factors
influencing the uptake of, and engagement with, smoking cessation apps informed by
the findings of Chapters 2 to 4, to better understand to what extent are these facilitators

or barriers.
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Chapter 6. Eliciting preferences for
the uptake of smoking cessation
apps: A Discrete Choice Experiment

6.1. Dissemination

The abstract was accepted as an oral presentation at the Centre for Behaviour Change
Virtual Digital Health Conference (2021 — but not presented due to personal
circumstances). The abstract will be submitted as an oral presentation for the
European Health Psychology Society’s Annual Conference (2022).

A version of Chapter 6 has been submitted to Addiction and is currently under review.
6.2. Abstract

Background. If the most evidence-based and effective smoking cessation apps are
not selected by smokers wanting to quit, their potential to support cessation is limited.
This chapter sought to determine the attributes that influence smoking cessation app
uptake and understand their relative importance, to support future efforts to design and

present evidence-based apps more effectively to maximise uptake.

Methods. Adult smokers from the UK were invited to participate in a discrete choice
experiment. Participants made 12 choices between two hypothetical smoking cessation
app alternatives, with five predefined attributes: 1) star rating, 2) app developer, 3)
monthly price of app, 4) images shown and 5) the app’s description type; or opting out
(choosing neither app). Preferences and the relative importance of attributes were
estimated using mixed logit modelling. Willingness to pay (WTP) and predicted uptake
of the most and least preferred app was also calculated.

Findings. A total of 337 adult smokers completed the survey (49.8% females; mean
age 35, SD 11). 89.9% of participants selected a smoking cessation app rather than
opting out. Relative to other attributes, a 4.8 star user rating was the strongest driver of
app selection (mean preference weight 2.15; 95% confidence interval [CI] 1.90 to 2.40).
Participants preferred an app developed by a healthcare-orientated trusted
organisation over a hypothetical company (mean preference weight 0.92; 95% CI 0.74
to 1.10), with a logo and screenshots over logo only (mean preference weight 0.25,
95% CI 0.11 to 0.38), and with a lower monthly cost (mean preference weight -0.39;
95% CI -0.45 to -0.33). App description did not influence preferences. The uptake
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estimate for the best hypothetical app was 93%, and for the worst 3%. Participants
were willing to pay up to £9.48 for 4.8 star ratings, £3.91 for 4 star ratings, and £5.22

for app developed by a trusted organisation.

Conclusions. A range of app attributes influenced the smoking cessation app uptake
preferences of smokers. An app’s star rating was the most influential factor and was
more important than the app being developed by a healthcare-orientated and trusted

organisation, who may be most likely to provide evidence-based apps.

6.3. Introduction

Smoking is one of the leading risk factors of noncommunicable diseases worldwide
(266). Supporting people to quit smoking is a primary concern for public health (167).
One approach is the use of apps, which can be effective for smoking cessation (27).
Many are available on commercial app stores like the Apple App Store and Google
Play but, as described in Chapter 1, low uptake and sub-optimal engagement with
effective health apps are common (198). Commercial app stores generally omit app

guality measures and provide insufficient information about apps (267).

As suggested in Chapter 3, curated health app portals (PHE One you App website,
NHS Apps Library in the UK, or the Digital Health Applications (DiGA) directory in
Germany), showcasing high-quality apps developed by trusted organisations, could
improve uptake of effective apps. This could increase the uptake of effective smoking
cessation apps among smokers and decrease the risk that apps are installed primarily
due to popularity, as opposed to potential effectiveness, from commercial app stores
(268).

There is an extensive literature on engagement with health apps (44, 269, 270), but the
evidence about factors influencing their uptake is limited. In Chapters 2, 3 and 4
several factors were identified that appear to influence the uptake and engagement of
these apps and explored views on curated health app portals (44, 165). A common
discrepancy between user needs and what an app offers was found, such as the
perceived utility of the app, which refers to the way apps are presented, including the
images shown and the description of the apps (44, 117, 165). App users have also

expressed disappointment by the presentation of apps on app portals (165).

Uptake of health apps may also be primarily affected by social influences such as
ratings of an app (49, 51, 165). However, highly rated apps do not necessarily mean
evidence-based content and functionality (267). Although highly rated smoking

cessation apps appear better tailored to individual needs (49), other evidence suggests
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that there is a weak association between the quality of a smoking cessation app and its
popularity (51, 271).

There is limited evidence on which factors are likely to drive the uptake of apps and no
studies investigating this for smoking cessation app uptake from a curated portal.
Therefore, this chapter aimed to determine app attribute preferences for the uptake of a
smoking cessation app when choosing from a curated app portal by applying a DCE
(272). Such evidence can help policymakers, health app portal and health app
developers to become more responsive to potential users’ needs when presenting and
developing apps, on curated health app portals in particular. The survey further
assessed a series of factors influencing the uptake of, and engagement with, smoking

cessation apps to better understand to what extent are these facilitators or barriers.

6.4. Methods

6.4.1. Discrete choice experiment development

The development of the DCE is described in Chapter 5. Therefore, this chapter
provides a short summary of the development. The development of the DCE was
informed by discussion with stakeholders, including patient and public involvement
representatives. Ethical approval for the study was obtained from the University of East
Anglia Faculty of Health Ethics Committee (2020/21-017, see Appendix 16). The study

protocol was pre-registered on the Open Science Framework (https://osf.io/5439x/).
6.4.1.1. Attributes and levels

The two alternatives in each choice task described by a set of predefined attributes,
with two or more levels are referred to as App 1 and App 2. The systematic review (44),
and the interview and think-aloud study (165, 194) described in Chapters 2, 3 and 4,
informed the selection of relevant factors mapped under the TDF that influence uptake
of health apps, hereby attributes of this study. The authors internally assessed the
relevancy and feasibility of the attributes identified in the previous stages and narrowed
down the selection of potential attributes. The selected attributes were the monthly
price of the app, who developed the app, the star ratings of the app, the description of
the app and images shown, and their levels are shown in Table 9, Chapter 5. For the
‘who developed the app’ attribute the ‘NHS Digital’ was used, which is a widely trusted

organisation in the UK, and ‘Mhealth Essentials Ltd’ as a hypothetical company.
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6.4.1.2. Experimental design

Participant preferences were estimated using conditional logit regression to model their
choices. A DCE model specifies the probability that an individual will choose a specific
smoking cessation app. This probability is expressed as a function of measured
attributes specific to the alternative. The (simplified) underlying utility function for

alternative j is show in Equation 1 below:
Equation 1

Uj = (ﬁ cost * Xj cost) + (,8 developer * Xj developer) + (ﬁ ratings * Xj ratings) + (,8 description * Xj description) +

(ﬁ images * Xj images) t+&

In Equation 1, U represents the overall utility gained from choosing alternative j, B is the
coefficient attached to X; estimated by the mixed logit model and represents the part-

worth utility attached to each attribute level, and ¢ is the random error of the model.

This DCE included three attributes (A) with three levels (L) and two attributes with four
levels, which, following the formula L* would have led to 432 possible choice
alternatives in a full factorial design (241). To limit participant burden, a fractional
factorial design was used. A total of 48 choice tasks applying Bayesian D-efficient
design principles using Ngene software (246) were generated and blocked into four
survey versions each containing 12 choice-tasks (see Appendix 17 for the 48 choice
tasks blocked into four versions). Each participant was randomised to complete one
survey. An additional repeat choice task was added to test choice consistency (the
repeat task was excluded from the primary data analysis). This design aimed to

estimate the main effects. Interactions between attributes were not considered.

The initial version of the DCE was piloted online with 49 participants. Based on the
feedback received the wording of the survey and the order in which attributes were
listed in the table were revised. Coefficients from the pilot phase were used as priors to
estimate a Bayesian D-efficient design. Data from the pilot phase were not included in

the final analysis.

To imitate real-world decisions regarding app uptake an opt-out option was included
(‘Neither of these two’, see Figure 6, Chapter 5.). Participants who chose the opt-out
option were prompted to repeat the decision and make a forced choice between the
two alternatives. As the rate of the opt out was low, the complete dataset was used for

analysis of choice data, including the opt out option.
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6.4.2. Data collection
6.4.2.1. Participants and recruitment

The study was conducted online. Eligible participants were adults 1) aged 18 and over,
2) residents of the UK, 3) able to give consent, 4) owned or had primary use of a
smartphone, 5) smoked cigarettes, and 6) interested in quitting smoking using a
smartphone app. Recruitment took place between December 2020 and February 2021
on social media (Facebook, Twitter, LinkedIn), and on the ‘Call for participants’(273)
and ‘Prolific’ (274) websites. Participants recruited on Prolific were paid £1.50 for
participation and those recruited on other platforms were invited to participate in a prize

draw to win one of ten £20 shopping vouchers.

6.4.2.2. Sample size

The sample size calculation was based on a rule of thumb formula (Equation 2) (240).
Equation 2

N >500c/ (t x a)

In Equation 2, ‘N’ represents the sample size, t the number of tasks (=12), ‘a’ the
number of alternatives (=2), ‘c’ the number of analysis cells (=4, as this is the largest
number of levels for any of the attributes). Equation 2 suggests a minimum sample size
of 83. With four versions of the survey, the targeted sample size was of at least 332
(4x83) participants.

6.4.3. Procedure

The survey was administered using Qualtrics survey software. First participants’
eligibility was assessed via a series of questions in line with the eligibility criteria.
Eligible participants then accessed a welcome page, read the participant information
sheet and provided consent. To encourage participants to pay attention to the choice
task they were informed that authors are interested in their preferences to help develop
more effective ways of designing and presenting health apps. Once consent was
obtained participants were explained the purpose of the DCE and how to complete it,
and were randomly assigned to one of the four DCE versions containing 13 choice
tasks. After completion of the choice tasks, participants were asked to complete further
measures relating to potential facilitators and barriers for the uptake and engagement
with smoking cessation apps, previous use of smoking cessation apps and other health

apps, user type, smoking behaviour and sociodemographics (see Measures).
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6.4.4. Measures
6.4.4.1. Attributes that are likely to influence smoking cessation app preferences

The primary outcomes are the preference weights estimated for each attribute level,

represented by the B coefficients in the equation above.

6.4.4.2. Factors perceived to influence the uptake and the engagement with

smoking cessation app

The TDF was used to identify 13 potential facilitators and barriers of uptake and
engagement with health apps based on factors identified as important in previous work
(44, 165) described in Chapters 2 and 3. These were included in the survey as a set of
statements with the level of agreement with the statements measured using a 5-point
Likert type scale. For analysis, responses to these statements were dichotomised into
agree (‘strongly agree’ and ‘agree’) versus not (‘neither agree nor disagree, ‘disagree’
and ‘strongly disagree’). See Appendix 18 for the potential facilitators and barriers of
uptake of, and engagement with, smoking cessation apps and the survey statements to
assess these.

6.4.4.3. Other variables

The survey included questions about previous use of smoking cessation apps and
other health apps, as well as user type (power user or minimal user) based on the time
spent exploring app features. Other measures consisted of smoking behaviour
measures, including heaviness of smoking index (275), frequency of smoking, attempts
to stop smoking, strategies used in attempt to quit smoking, intention to stop smoking,
defined as whether the participant is planning to quit in the next six months,
determination to stop smoking and the main reason for stopping smoking. Finally,
socio-demographic characteristics were also measured, including age, gender, level of
education, household income, ethnicity, sexuality, disability. See Appendix 19 for the

complete questionnaire.
6.4.5. Statistical analysis

The pilot data were analysed using the Apollo package in R (254), and the final data
using Stata 16.1. Participants’ characteristics were summarised using descriptive
statistics. Associations between attributes and uptake responses was estimated using
mixed logit model (MIXL). This approach accommodated the existence of preference
heterogeneity within the sample by allowing one or more model parameters to be
specified as having a random distribution (276). In the model all attributes were dummy

coded as categorical variables, except for cost, which was treated as continuous, and
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all were treated as random parameters. The TDF factors perceived to influence the
engagement with smoking cessation apps were described using proportions and 95%
confidence intervals. Only data from participants who completed the full survey was
analysed. The overall likelihood of choosing an app (equating to uptake), was
calculated from the distributional parameters of the constant for the opt out option as
described by Hole (276). Additionally, the uptake of the most preferred and least
preferred apps was investigated by calculating their utility values and the probabilities
for selecting these hypothetical apps, using the approach described by Jonker et al.
(209). The model was re-estimated in willingness-to-pay space, to derive marginal
willingness-to-pay (MWTP) estimates for improvement in the individual product
attributes (277). Finally, the choice data of participants who were consistent with the
repeat choice task was analysed and compared to the results of the choice data

including all participants.

6.5. Results

A total of 499 eligible participants were recruited, 469 consented, and 337 participants
completed the experiment and measures. Data from 337 participants yielded 4,029
observations (15 choices were omitted by participants). Participants were aged
between 19 and 65 years, with mean age 35 years (SD=11), 168 (49.8%) were
females, 176 (52.2%) showed low dependency on the heaviness of smoking index and
107 (31.8%) had used smoking cessation apps before. Participants’ characteristics are

reported in Table 10.
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Table 10. Participants’ characteristics

Sociodemographic data

Age (years)

Range 19-65
Mean (SD) 35 (11)
Gender n (%)
Female 168 (49.8)
Male 163 (48.4)
Non-binary/genderfluid 4(1.2)
Prefer not to disclose 2 (0.6)
Ethnicity n (%)
White 300 (89.0)
Black or African American 11(3.2)
Arab 10 (3.0)
Asian 6 (1.8)
Mixed/multiple ethnic groups 8 (2.4)
Other 2 (0.6)
Education n (%)
Postgraduate or equivalent 31(9.2)
Degree or equivalent 127 (37.7)
A-levels or equivalent 113 (33.5)
GSCE or equivalent 63 (18.7)
Other 3(0.9)
Monthly net household income n (%)
£0 - £999 39 (11.6)
£1000 - £1999 112 (23.2)
£2000 - £2999 68 (20.2)
£3000 - £3999 48 (14.2)
£4000 - £4999 23 (6.9)
Over £5000 15 (4.4)
Prefer not to disclose 32 (9.5)
Sexual orientation n (%)
Heterosexual 268 (79.5)
LGBTQ+ 64 (19)
Prefer not to say 5(1.5)
Disability n (%)
Living with disability 88 (26.1)
No disability 232 (68.8)
Prefer not to disclose 17 (5.1)
Type of smartphone n (%)
Android 163 (48.4)
Apple 164 (48.6)
Android and Apple 8(2.4)
Windows 2 (0.6)
Prior use of health app n (%)
Prior use of health app 226 (67.1)
No prior use of health app 111 (32.9)
Prior use of smoking cessation app 107 (31.8)
No prior use of smoking cessation app 230 (68.2)

128



Table 10. (Continued) Participants’ characteristics

Sociodemographic data

Health app uptake source* n (%)

Google search 62 (25.7)
Commercial app stores 158 (65.6)
Health related website 51 (21.2)
Recommendations (friends, family) 58 (24.1)
Recommendations (health practitioners) 21 (8.7)
Other 6 (2.5)
User type* n (%)
Power user 113 (46.9)
Minimal user 120 (49.8)
Unsure 8 (3.3)
Heaviness of smoking** n (%)
Low dependence 176 (52.2)
Moderate dependence 139 (41.3)
High dependence 22 (6.5)
Last quit attempt n (%)
In the last month 44 (13.1)
In the last 12 months 136 (40.3)
Longer than 12 months 113 (33.5)
None 44 (13.1)
Previous experience with smoking cessation strategies n (%)
Nicotine replacement products 148 (43.9)
Zyban (buprorion) 9(2.7)
Champix (varenicline) 26 (7.7)
E-cigarette or vaping device 195 (57.9)
Stop smoking group 28 (8.3)
Stop Smoking one-to-one counselling or support services 35 (10.4)
Smoking helpline 16 (4.8)
A book about quitting smoking 51 (15.1)
Smoking cessation website 54 (16.0)
Smoking cessation app 59 (17.5)
Other: hypnotherapy 2 (0.6)
None 66 (19.6)
Intention to quit in the next 6 months n (%)
Likely 240 (71.3)
Unlikely 23 (6.8)
Unsure 74 (21.9)
Determination to quit n (%)
High determination 216 (64.1)
Moderately or slightly determined 113 (33.5)
Low determination 8 (2.4)
Main reason to quit n (%)
Health concerns 125 (37.1)
Health concerns related to COVID-19 28 (8.3)
To save money 112 (33.2)
To regain control 42 (12.5)
Pressure or encouragement from others 27 (8)
Other 3(0.9)

Note. *Questions answered by those who have used smoking cessation or health apps before;
**Computed from number of cigarettes smoked a day and the time the first cigarette is smoked in the
morning.
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On 89.9% of the choices, participants selected one of the two smoking cessation apps
over ‘neither’. There was no participant who opted out of all choices. Most of the
attributes influenced participants’ preferences, except for the description of the app
(Table 11).

Relative to other attributes, the star rating of the app was the most important attribute.
Relative to the referent app (developed by Mhealth Essentials, star rating not shown,
generic app description, with a logo shown only), having a 4.8 star rating (mean
preference weight 2.15; 95% CI 1.90 to 2.40) was around twice as important as the 4
star rating (mean preference weight 0.97; 95% CI1 0.76 to 1.17), and twice as important
as it being developed by the NHS Digital (mean preference weight 0.92; 95% CI 0.74 to
1.10). Participants marginally preferred an app that showed screenshots (mean
preference weight 0.25; 95% CI 0.11 to 0.38) or both screenshot and logo (mean
preference weight 0.33; 95% CI 0.17 to 0.49) over logo only. An app with a low monthly
price was also preferred (mean preference weight -0.39; 95% CI -0.45 to -0.33).
However, the wide standard deviations, relative to their coefficients for many attributes
indicate a broad variation in attribute importance among participants. There was
significant preference heterogeneity across all except two attribute levels (app ratings
of 4 SD =-0.01, 95% CI -1.05 to 1.03, p=0.99; images screenshot SD = -0.05, 95% ClI -
0.39 to 0.31, p=0.82).
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Table 11. Mixed logit estimation results

Attributes Mean 95% ClI Willingnessto  95% ClI
preference pay (SE)
weight (SE)
Alternative specific constants
Alternative 1 Mean 0.10 (0.06) -0.01t0 0.22 - -
SD 0.31** (0.12) -0.54 to -0.08 - -
Alternative 2 Mean Ref N/A - -
SD Ref N/A - -
Opt out option  Mean -2.34** (0.20) -2.74t0 -1.94 - -
SD 1.80** (0.21) 1.40t0 2.21 - -
Developer
Does not say Mean -0.42** (0.08) -0.58 to -0.27 -0.14 (0.37) -0.86 to 0.58
SD 0.44* (0.12) 0.20 to 0.69 3.81** (0.46) 291t04.71
Mhealth Mean Ref N/A Ref N/A
Essentials
SD Ref N/A Ref N/A
NHS Digital Mean 0.92** (0.09) 0.74t01.10 5.22** (0.44) 4.35 t0 6.09
SD 0.99** (0.10) 0.79t01.19 4.55** (0.47) 3.631t05.48
Rating of the app
Does not Mean Ref N/A Ref N/A
show
SD Ref N/A Ref N/A
4.8 stars Mean 2.15** (0.12) 1.90 to 2.40 9.48** (0.57) 8.36 to 10.60
SD -0.69** (0.14) -0.97 to -0.41 7.08** (0.61) 5.89 t0 8.27
4 stars Mean 0.97** (0.10) 0.76t0 1.17 3.91** (0.45) 3.03t0 4.79
SD -0.01 (0.53) -1.05t0 1.03 4.93** (0.56) 3.831t0 6.03
3.2 stars Mean 0.12 (0.13) -0.131t0 0.37 3.06**(0.56) 19510 4.16
SD 1.57** (0.15) 1.27t0 1.87 7.41** (0.70) 6.04 t0 8.79

Note. *denotes ‘p’ value of <0.05; **denotes ‘p’ value of <0.001; SD = standard deviation of the distribution

around the mean preference estimates and is a measure of heterogeneity; SE = standard error; Cl =
confidence interval; Ref = reference category.
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Table 11. (Continued) Mixed logit estimation results

Attributes Mean 95% ClI Willingnessto  95% ClI
preference pay (SE)
weight (SE)
App description
Generic Mean Ref N/A Ref N/A
SD Ref N/A Ref N/A
Short Mean -0.03 (0.07) -0.17t0 0.11 1.37** (0.32) 0.74 10 2.01
SD -0.34** (0.02) -0.66 to -0.02 2.46** (0.44) 1.5910 3.33
Long Mean -0.09 (0.09) -0.26 t0 0.08 -0.42 (0.41) -1.221t0 0.38
SD 0.74** (0.12) 0.51to 0.96 4.45** (0.44) 3.56 t0 5.33
Images
Logo Mean Ref N/A Ref N/A
SD Ref N/A Ref N/A
Screenshot Mean 0.25** (0.07) 0.11t0 0.38 2.54** (0.30) 1.96t0 3.11
SD -0.04 (0.18) -0.3910 0.31 -0.10 (1.13) -2.32t02.11
Both Mean 0.33** (0.08) 0.17t0 0.49 2.50** (0.35) 1.81t03.19
SD 0.57** (0.13) 0.321t00.83 2.57** (0.49) 1.61t0 3.53
Monthly price of
the app
Mean -0.39** (0.03) -0.45t0 -0.33 - -
0.33** (0.3) 0.28 t0 0.38 - -
AIC 7315.37 AIC 6948.01
BIC 7404.17 BIC 7096.00
Log-likelihood -3454.01 Log likelihood  -3454.00

Note. *denotes ‘p’ value of <0.05; **denotes ‘p’ value of <0.001; SD = standard deviation of the distribution

around the mean preference estimates and is a measure of heterogeneity; SE = standard error; Cl =
confidence interval; Ref = reference category. The monthly price of the app was coded as continuous
variable presented at four levels: £0, £2.99 £5.99, £8.99; AIC = Akaike information criterion; BIC =
Bayesian Information criterion; population mean = the estimated mean preference estimate.
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The characteristics of the most preferred app was having a monthly cost of £0, a rating
of 4.8 stars, developed by NHS Digital, having a generic description and presenting
both type of images (app logo and screenshots). The least preferred app has a monthly
price of £8.99, the developer is not shown, has ratings of 3.2 stars, a long description
and shows the app logo only. The uptake level of the best app was estimated at 93%,

and for the worst was estimated at 3%.

Table 11 also reports mMWTP estimates for improvement in the attributes of the app,
relative to the reference category. Participants were willing to pay £9.48 (95% CI £8.30
to £10.50), £3.91 (95% CI £3.03 to £4.79) and £3.06 (95% CI £1.95 to £4.16) for app
with 4.8, 4 and 3.2 star ratings, respectively. Participants were willing to pay £5.22
(95% CI £4.35 to £6.09) for development by a trusted organisation (NHS Digital)
compared to Mhealth Essentials Ltd.

A total of 71/337 (21%) individuals were inconsistent with their choices. The
demographics of this group were similar to those who were consistent with their
choices. The results of the MIXL model with and without the individual’s response who
gave an inconsistent response to the repeat choice task, returned comparable results

(results not presented, but available on request from authors).

Table 12 shows the proportion of participants reporting factors that were perceived to
influence the uptake of and the engagement with smoking cessation apps. Participants
indicated that the strongest facilitators that might promote their engagement with a
smoking cessation app were user guidance of how to use the app (72.4% agreement,
Cl 67.37% to 76.93), additional health information (75% agreement, Cl 70.16% to
79.42%) and rewards (75.4% agreement, Cl 70.47% to 79.69%). Key barriers were
concerns around data protection (66.8% agreement, Cl 61.54% to 71.61%), cognitive
load (47.5% agreement, Cl 42.16% to 52.87%), reminders as triggers for cravings
(40.7% agreement, Cl 35.51% to 46%), and peer support (46.9% agreement, Cl
41.59% to 52.25%).
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Table 12. Proportion of potential factors influencing smokers’ uptake and engagement
with smoking cessation apps

Barriers and facilitators mapped under the TDF Percentage % (95% CI)

TDF construct: Skills
App literacy (facilitator) (‘In general, | can easily use a newly installed app on my phone.’)
Agree 92.6 (89.2 — 94.9)

TDF construct: Knowledge

App awareness (barrier) (‘1 was aware of the existence of smoking cessation apps prior to taking
part in this study.’)

Agree 55.5 (50.1 - 60.7)
User guidance (facilitator) (‘A guide of how to use features would help me use the app more
often.’)

Agree 72.4 (67.4—-76.9)

Health information (facilitator) (‘Information in the app about how quitting smoking improves my
health would make me use the app more often.’)
Agree 75.0 (70.2 — 79.4)

TDF construct: Memory, attention, decision processes
Cognitive load (barrier) (‘In general, | don’t want to use an app with features that would take
some time to learn.’)
Agree 47.5 (42.2 - 52.8)
Reminders (facilitator) (“If would be important that an app to help me quit smoking sends
personalised reminders to me.’)
Agree 68.3 (63.1 — 73.0)
Reminders (barrier) (‘/ wouldn’t want to use an app that sent me reminders about quitting
smoking in case it would trigger my cravings to smoke.’)
Agree 40.7 (35.5 — 46.0)

TDF construct: Social influence
Peer-support (facilitator) (‘Being connected with other app users would motivate me to stay on
track with my intention to stop smoking’.)
Agree 65.6 (60.3 — 70.5)
Peer-support (barrier) (‘Being connected with other app users would make me feel ashamed or
disappointed if | started smoking again after quitting.’)
Agree 46.9 (41.6 —52.2)
Professional support (facilitator) (‘Being connected with online helpers (quit smoking advisors)
within the app would make want to use the app more.’)
Agree 69.5 (64.3 —74.1)

TDF construct: Beliefs about capabilities
Self Confidence (facilitator) (‘/ am confident | could quit smoking by using an app.’)
Agree 50.7 (45.4 - 56.1)

TDF construct: Beliefs about consequences
Data protection (barrier) (/ am concerned how my personal data is handled in apps.’)
Agree 66.8 (61.5—71.6)

TDF construct: Goals

Goal setting and action planning (facilitator) (‘Receiving guidance of how to achieve goals is
more important for me than just simply setting goals.’)
Agree 84.3 (79.9 — 87.8)

TDF construct: Social identity
Social identity (barrier) (‘When using a smoking cessation app, | don’t want to feel that | am
being treated like a patient.’)
Agree 61.4 (56.1 — 66.5)

TDF construct: Reinforcement
Rewards (facilitator) (‘Receiving badges or awards for achieving a set goal, would make me use
the app more often.’)
Agree 75.4 (70.5 - 79.7)
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6.5. Discussion

This study investigated five potential attributes relevant to the likelihood of the uptake
of a smoking cessation app. Participants preferred a smoking cessation app with high
star ratings, developed by a trusted organisation, with images that include a screenshot
of the app and the least expensive apps. The description of the app shown to

participants did not influence preferences.

Relative to other attributes, a high star rating was the most important factor. People are
likely familiar with highly rated apps as these are more likely to get to the top of the
search list. Although some highly rated popular smoking cessation are better tailored to
individual needs (49), not all high-quality evidence based smoking cessation apps have
high star ratings (51, 271). This suggests that popularity indicators are likely more
important to uptake than evidence-based content.

The preference for apps from trusted organisations, such as NHS Digital, aligns with
existing evidence. Findings of this DCE are similar to a DCE that investigated the
uptake of a COVID tracing app in the UK where participants were more likely to adopt a
NHS contact tracing app (208). Similarly, users are increasingly concerned about
whether apps come from reputable sources (278) and prefer smartphone apps

developed by experts than those from unknown or less reputable sources (189).

Images showing both the logo and screenshots of the app relative to the other
attributes were as important as the low price of the app. Surprisingly, descriptions,
however, did not seem to influence the uptake of a smoking cessation app. One
plausible explanation is that this attribute was not conceptualised to capture the
participants’ attention. To save space and avoid cognitive load, this DCE did not
provide an example of a description. Instead, this DCE provided a verbal description,
defined briefly what a generic, short or long description means in the context of this
research. Hence, the presentation of this attribute may not have been salient enough to

mirror how well app description may influence uptake.

In line with similar studies, this DCE found that participants most preferred an app at
zero cost (44, 279). However, some individuals might consider paying for it if it offers
certain features (e.g. professional support or developed by a trusted organisation)
(165). Investigating the mWTP findings of this DCE suggest that individuals may be
willing to pay a small fee for an app if other preferences are met, such as being highly

rated (4.8 stars and 4 stars) and developed by a trusted organisation.
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Only around half of the participants included in this DCE were aware of smoking
cessation apps, which suggests that more work is needed to raise awareness of these
tools. In line with previous findings, access to health information and a user guide of
using the app would increase most participants' engagement (44, 165). The latter could
be particularly important to those who reported having limited app literacy skills.
Interestingly, less than half of the participants reported they would not want to use an
app with complex features. Chapters 2 and 4 found mixed views on reminders, with
some believing they may negatively influence behaviour change by triggering cravings
(44, 165). This chapter found that less than 40% reported reminders were a barrier. In
line with Chapters 2 and 4 (44, 165), potential users believed peer and professional
support would further encourage engagement (44, 165), and less than half reported
failing to quit would lead to feelings of disappointment. Only around half of the
participants agreed with many of the hypothesised barriers. This shows the difficulty
app developers may face when developing an app to suit most individuals’ needs and
the potential importance of guidance from organisations such as the UK National

Institute for Health and Care Excellence on developing digital behaviour change tools.

6.5.1. Limitations

This DCE had several limitations. Although the recruitment was adjusted to include a
wide range of participants, the sample may not be to be representative of smokers in
general. Furthermore, some views may have been missed by recruiting exclusively
online, including views of individuals experiencing homelessness, those living in
deprived areas and those living in areas without a suitable internet coverage.
Additionally, the non-response bias was greater for the sample recruited through social

media, as opposed to the Prolific website.

The design of the study investigated main effects only, therefore possible interaction
between attributes were not assessed. Furthermore, the sample size was inadequate
to enable investigating stratifications of certain demographics. Moreover, the clarity and
usability of the DCE were not explored. For example, prompting participants to make a
forced choice when they chose the opt out option might have influenced their choice
behaviour and in anticipation of the forced choice question, they may have chosen an

alternative throughout the survey.

Lastly, this study investigated the uptake of a smoking cessation app based on stated
preferences, which may be different from the uptake of a smoking cessation app in real

life. For example, due to pragmatic reasons, this DCE could not consider all previously
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identified factors that may shape choice behaviour, such as the aesthetics of the app
(44, 165).

The relative importance of the attributes may vary between genders and age groups.
Therefore, future research applying DCE methods may want to consider recruiting a
larger sample size to investigate the relative importance of the attributes stratified
based on socio-demographical factors. To build on the limited conceptualisation of the
perceived utility of the app, future DCEs could borrow ideas from interaction design and
user research studies and apply a visual representation of apps, instead of textual
description. In this case, participants are shown images of apps as opposed to a table.
Lastly, the measured factors influencing the uptake and engagement with smoking
cessation apps suggest that more empirical studies are needed to test the extent of

facilitators and barriers.

6.5.2. Implications

Findings may help public health organisations to increase the uptake of evidence or
theory-informed smoking apps that are likely to have the greatest public health benefit.
This study’s findings also inform health app providers and health app portal curators to
better design the presentation of health apps to meet user preferences and increase
their uptake, particularly on curated health app portals, such as the NHS Apps Library.
The values from the willingness to pay could be used to predict how a potential
smoking cessation app user will react to a given product and help determine which
attributes are used when presenting the app. Furthermore, these could provide
evidence which could inform future cost-benefit analysis of smoking cessation app.
This would further increase access to smoking cessation, reducing costs associated

with delivery and reducing patient burden.

6.5.3. Conclusion

This study found that uptake is more likely if smoking cessation apps have high star
ratings, are developed by a trusted organisation, include screenshots, and are low cost.

However, high app ratings outstrips the importance of any other attribute investigated.

6.6. Next steps

This was the final stage of the thesis. Chapter 7 summarises key findings from the
systematic review, the think-aloud and interview study and the discrete choice
experiment conducted as part of this thesis and provides a series of important

considerations for policy and practice, as well as recommendations for future research.
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Chapter 7. General discussion

This thesis describes the use of theoretical frameworks from the behavioural science
literature and a diverse set of methods to investigate the problems relating to the sub-
optimal uptake of, and engagement with, health and wellbeing smartphone apps. This
thesis reports results from a systematic review (Chapter 2), a comprehensive
gualitative study (Chapters 3 and 4) and a discrete choice experiment (Chapters 5 and

6) to address the following research objectives:

1. To gain a better understanding of the factors influencing the uptake of, and
engagement with, health and wellbeing apps

2. To explore how and why individuals select a health and wellbeing app, including
routes for identifying apps other than commercial smartphone app stores, as
well as reasons for engagement and non-engagement with apps

3. To determine the factors likely to influence the uptake of smoking cessation
apps and to identify factors which may potentially influence adults’ engagement

with health and wellbeing apps.

In this final chapter, the key findings obtained in relation to the research objectives are
discussed through triangulation of the studies. The subsequent sections provide an
overview of implications for policy and practice, considerations for future research, and
a summary of strengths and limitations of the thesis. Finally, this chapter ends with

personal reflections and concluding remarks.

7.1 Summary and interpretation of key findings

Findings reported in Chapters 2, 3 and 6 identified a total of forty factors mapped under
the components of the COM-B model and constructs of the TDF that were identified to
be relevant for the uptake of health and wellbeing apps, engagement with health apps
or both. Seventeen out of these were identified to be relevant for the uptake of health
and wellbeing apps and twenty-eight factors were found to be relevant for engagement,
and with five factors overlapping and considered important for both. Main findings are

discussed below.

7.1.1. Identifying which factors are influencing the uptake of health and

wellbeing apps

Two factors were judged to be most important for uptake. One core factor was social
influence, mapped under the social opportunity component of the COM-B model and is

represented by ratings and reviews, and an identified credible source (i.e. trusted
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organisation). Although an app develop by a trusted organisation was found to be
important for uptake, findings from the chapters presented in this thesis suggest that
popularity may be more important than whether an app is evidence-based. This implies
that commercial platforms alone may not be suitable to identify an effective health and
wellbeing smartphone app without prior professional recommendation.

The other core factor found to be important was the perceived utility of an app, mapped
under the reflective motivation component of the COM-B model, which includes
relevant title, the description and pictures of apps. This can be interpreted through the
lens of the Technology Acceptance Model (TAM) (280). One of the constructs of the
TAM is perceived usefulness that contributes to the intention to use a piece of
technology, which aligns closely to what in this thesis is conceptualised as the
perceived utility of an app. It is of note that the finding that the perceived utility of an
app is a key predictor of uptake was only partially supported in the DCE, where this
factor was conceptualised by the images shown and the description of a smoking
cessation app. The written presentation of the app's description did not affect the
uptake of a hypothetical smoking cessation app, and images showing screenshots or
screenshots and logo of the app, as opposed to logo only, only marginally informed the
decision around uptake. The disparity in these findings may be due to the lack of visual
representation of smoking cessation apps (i.e., lack of the use of an image in the DCE)
such as a screenshot of how these are listed on a curated health app portal, including

images and app description.

This work also found that individuals prefer apps at low cost or free. However, this
research identified circumstances when individuals are willing to pay for an app. Some
would be willing to pay for an app that contains valued extra features not available
otherwise, such as professional support, while others would be more likely to pay if an
app is listed on curated health app portals, if an app is developed by a trusted
organisation, or for an app that has high star ratings of 4 or more. The conditions when
individuals are willing to pay for an app suggest that, in general, factors under social
influences (social opportunity factors, e.g., professional support) outweigh the
environmental factors (physical opportunity factors) represented by the price of an app.
Suggestions of how to use this understanding to increase uptake are described under

the ‘7.4. Implications for policy and practice’.
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7.1.2. Identifying which factors are influencing the engagement with
health and wellbeing apps

The findings presented in this thesis suggest that engagement with health and
wellbeing apps appears to be influenced primarily by features that improve users’
capability, such as user guidance, the requirement of minimal cognitive load and
support of self-monitoring, users’ opportunity by providing embedded social support,
and users’ motivation by enabling goal setting with action planning. When specifically
investigating smoking cessation apps, the strongest facilitators for engagement were
user guidance, additional health information and rewards.

Out of these core factors found to be important for engagement with health and
wellbeing apps in general, embedded professional support may be particularly
important. The importance of embedded professional support may be interpreted
through Mohr’s supportive accountability model (160), which specifies that human
support represented by a person seen as being a trustworthy expert increases
engagement with eHealth interventions. The importance of rewards suggests that
extrinsic motivation, as described by Self Determination Theory (4, 5), also plays a
crucial role in changing certain behaviours, such as smoking cessation. Changing
these health behaviours may be easier by increasing people’s intrinsic motivation,
which refers to engaging in an activity because of the satisfaction of the action, for
example by simply being able to see the progress (e.g., losing weight, getting stronger,
increasing stamina). Nevertheless, in addictive behaviours in which the unhealthy
behaviour provides a level of reward (e.g., smoking, alcohol consumption, binge
eating), intrinsic motivation may be harder to achieve. As an extrinsic motivator,
rewards, such as loyalty points, could provide a starting point in incentivising behaviour
change in similar circumstances for some individuals. Later, progression (e.g., fewer
cigarettes smoked or having more smoke free days) may then enhance the user's

intrinsic motivation.

Some factors were not universally identified as facilitators or barriers to engagement.
These include cognitive load (represented by apps with complex features or apps
deemed to be complicated to use), reminders, and peer support for smoking cessation
apps in particular. The way that cognitive load is conceptualised in this thesis is similar
to one of the other constructs of the TAM, the perceived ease of use, which refers to
the perception of using a system without extra effort (280). Together with the perceived

usefulness, this construct is expected to contribute to the intention to use technology.
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Although cognitive load was initially found to negatively affect engagement, in the DCE

only half of the participants reported not wanting to use an app with complex features.

All studies included in this thesis reported mixed findings with regards to reminders,
which suggests that the importance of this factor might vary significantly between
individuals. Receiving reminders could be a good strategy for many to prompt
engagement with an app; however, some individuals found them intrusive. Indeed,
more than one-third of smokers included in the studies reported in this thesis believed

reminders could trigger cravings.

Peer support may be a useful addition to a health app. However, care should be taken
for apps that target behaviours that can be coupled with stigma, such as smoking.
Although many individuals believed that peer support would help with engagement and
would motivate individuals to quit smoking, others believed that it could contribute to
shame and disappointment in case of relapse. However, these could also be powerful
forces that help relapse through avoidance behaviour (i.e., avoiding shame or regrets).
Suggestions of how to improve engagement with health and wellbeing apps are
described under the ‘7.4. Implications for policy and practice’.

7.2. Strengths

Key strengths of this thesis lie in applying open science principles, the use of robust
methodology, use of a theoretical framework, use of PPI and a pre-specified sampling
method. Following the principles of ‘Open Science’ by pre-registering all study
protocols on either on PROSPERO (Chapter 2) or OSF (Chapters 3, 4, 5 and 6) and
making data, results, and publications freely available to help advance scientific
progress by providing transparency in science and discoverability. The transparent
reporting of all steps of the DCE increases the credibility of the results and help with
the reproducibility of the research, enabling other researchers to verify the findings or
to conduct additional analysis. The data is freely available on the OSF
(https://osf.io/szk96/), as well as the source code used to develop the DCE. The results
and publications of all studies were made available in the form of open access journals
for the accepted publications or in the form of preprints on ‘Qeios’
(https:/Iwww.qeios.com/), a website that has the purpose of distributing and receiving

early feedback on, the newly generated knowledge.

In terms of methodology, a mix of qualitative and quantitative methods was used to
address the linked research questions. This helped to mitigate well-known limitations

associated with each method, as data sources were triangulated. Triangulation
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compares and integrates findings from different methods (279) and this thesis has
triangulated findings from a systematic review, a qualitative study and a discrete choice

experiment.

Moreover, the application of the same theoretical models, the COM-B model and the
TDF allowed a behavioural analysis of factors influencing the uptake of, and
engagement with, health and wellbeing apps, with findings translated to established
behaviour change strategies, which it is hoped helps make the findings more tangible
for app developers, commissioners, and digital health researchers. Furthermore,
several of these factors could also be used to target an app-based intervention and
could lead to the identification of important intervention components. In addition, the
development of each stage of this project involved stakeholders’ engagement,
including PPI representatives and representatives of PHE and NHS digital. Their input
ensured that the research was easy to understand from a participant perspective and
the work generated with their input helped provide policymakers with meaningful
insights to improve the uptake of, and engagement with, health and wellbeing apps.
Finally, another strength of the thesis is the carefully applied purposive sampling

technique that was used to increase the diversity of characteristics in the sample.

7.3. Limitations

Taken as a whole, the approach adopted in this thesis presents several limitations.
First, this thesis applied a strong behaviour science perspective and did not account for
other perspectives, such as those from the human-computer interaction literature. For
example, this thesis did not differentiate between factors influencing engagement
related to the human side, such as motivational factors, from those referring to the
technology, such as feature-based factors or BCTs. Use of perspectives from the
human-computer interaction literature could have potentially complemented findings
mapped under the COM-B model and further help to understand mechanism through

which strategies for engagement would be more effective.

Second, the first stage of the thesis investigated a wide range of health behaviours
rather than focusing on a single health behaviour. Therefore, factors identified being
important for a wide range of behaviours were applied to investigate the uptake of
smoking cessation apps. This may have led to the failure of investigating factors
specific to the uptake of, and engagement with, smoking cessation apps. Furthermore,
limited knowledge was generated regarding the specific characteristics of the setting of

use that may influence the uptake and engagement with apps for other behaviours.
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Third, only some of the factors deemed to be important for uptake were feasible to
assess in the experimental approach within the given timeframe and engagement
features were not assessed. Additionally, the experimental approach applied in this
thesis was only able to investigate hypothetical situations, and therefore the findings
might not be replicated in real-world settings. The 7.5. Consideration for future
research’ section covers a few aspects that helps overcome some of the limitations of

this thesis.

7.4. Implications for policy and practice

Use of a similar framework to the work reported in this thesis, i.e. use of the COM-B
model and the TDF to interpret and organise the findings, could be helpful when
developing interventions to increase the uptake of and improve the engagement with
health and wellbeing smartphone apps, particularly when applied through the
Behaviour Change Wheel (BCW) approach (described in Chapter 1). The BCW has
been successfully used in digital health interventions in the past by applying behaviour
change techniques (282, 283). This is vital, as many health and wellbeing smartphone
apps listed in commercial platforms lack behaviour change techniques (60, 62-68).
Further, apps that have used behaviour change techniques associated with
effectiveness were found to provide better quality content to users (61), potentially
improving engagement with them. Hence, factors relevant for the uptake and
engagement with health and wellbeing apps, mapped under the core of the BCW
(COM-B and TDF), provide a starting point in developing interventions to improve

uptake and engagement with these.

There are additional ways to the use of the BCW, to improve the uptake of, and
engagement with, health and wellbeing apps. This may be achieved by applying a
multidisciplinary approach involving health care practitioners, app developers, user
researchers and interaction designers to better meet individuals’ needs. These are
further discussed below, including suggestions to address potential digital health

inequalities.
7.4.1. Increasing the uptake of health and wellbeing apps

In terms of the uptake of health apps, studies in this thesis showed that individuals lack
awareness of certain health and wellbeing apps and health app portals, and they
heavily rely on social opportunities when selecting apps, such as recommendations for
use, ratings of the app and credible source, and on the perceived usefulness of these

apps. Strategies of how to improve these are described below.
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There is limited awareness about the existence of health and wellbeing apps for a wide
range of behaviours and the general public may require better awareness on how to
identify and where to select evidence-based health apps (173). Although most
participants of the studies included in this thesis reported that they had previously
selected a health app through a commercial app store, at least one-third chose
different routes to select an app, such as health-related websites, Google searches, or
sought recommendations from friends and family or health practitioners. This highlights
that app selection often may not take place in the commercial app stores and that
potential users may want to know more about the apps they select than is typically
presented in these stores. One opportunity would be to increase the visibility of
available curated health app portals by disseminating and recommending the use of
them, which would provide an evidence-based, and, therefore, a safer option for an
app (178). Curated health app portals were viewed by the participants of the studies
included in this thesis as a good opportunity to ease the uptake process and address
the unstructured way health apps are typically listed on the commercial app stores.
Following the principles of transparency and trust, disclosing information about privacy
and data protection, about the app development and feasibility data and benefits, may
further increase uptake (176). This is important, because, unfortunately, there is still a
lack of information about the accuracy of apps, such as how they were developed and
tested (284, 285) and the lack of fairness in privacy policies and data protection (286,
287).

Although the above-mentioned aspects are necessary to provide high-quality tools to
end-users, this thesis suggests that showing the star ratings, and disclosing app
developers may be key factors to further improve uptake of health and wellbeing apps.
However, this may only be useful when apps have a reasonably high star rating (i.e. 4
and higher), therefore, improving lower star ratings would require further attention. To
achieve high ratings a collaboration with user experience researchers and interaction
designers may be important to ensure that the apps' functionalities meet users’ needs
and, consequently, prompt better ratings (49). Some strategies to better meet users’
needs are described under the 7.4.2. Improving the engagement with health and
wellbeing apps’ section of this chapter. Additionally, prompt responses to and
acknowledgments of unsatisfactory reviews of apps left in the commercial app stores
and addressing concerns regarding functionality of apps would ensure that the end-
users’ feedback is taken into consideration, which could potentially lead to improved

popularity of apps, and better rating of them.
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Another important aspect to consider for commissioners of health apps is to address
the perceived utility of the app, such as the way apps are presented either through
dissemination as a stand-alone tool (i.e., a specific app available for certain individuals,
for example a smoking cessation app for patients with chronic obstructive pulmonary
disease) or as part of a curated health app portal. Realistic and relevant titles and with
pictures that show screenshots of the app, as opposed to media-promoted unrealistic
body images for example, could affect the perceived utility of the app. The description
should aim to answer the ‘how’ aspect of the app instead of having a generic
presentation of the app that could fit several apps. Furthermore, improved transparency
in the app description, including providing more relevant information, such as how that
app can help them to achieve their goals, could further influence the perceived utility.
All these aspects have the potential to strengthen potential end-users’ decision-making
process about the uptake of health apps which could involve steps such as accessing
all relevant information about the apps, weighting up the available evidence presented
with the apps, choosing an app, taking action (i.e. download) and review their decision.
This could lead to an app usage decision (175), and, therefore, would not only increase

uptake, but could potentially prompt initial engagement.

Finally, integrating mhealth into care does not often fit the context of ‘care’ (288). This
may pose a barrier to increasing awareness or recommendation of apps amongst
healthcare practitioners. One potential solution would be to enhance the incorporation
of digital health into the curriculum of health care professionals. An additional solution
could be to introduce formal referrals to curated health app portals and to evidence-

based health and wellbeing apps, as part of the social prescribing services (289).

7.4.2. Improving the engagement with health and wellbeing apps

Studies in this thesis suggest that cognitive load may negatively affect engagement,
apps are not tailored adequately to end-users’ needs and that individuals seek
embedded social support. A few key recommendations to improve these are presented

below.

It is well known among app developers, user researchers and user experience
designers that an interactive app can fight boredom and prompt engagement (290-
292). However, the studies conducted for this thesis suggested that interactive apps
that provide a personalised experience could increase cognitive load for some. This
could be addressed if an app had two versions, a basic and a more advanced, similar
to currently available free version versus ‘pro’ version (i.e. paid). However, instead of

providing extra features for a one-off payment or monthly cost, an app could provide
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two versions based on the user type, minimal user versus power user. A basic version
could be a simple version where the user is required to input minimal information, with
the limitation of not receiving tailored content and without access to more advanced
features. The advanced version would require initial user input for more personalised
features and health and demographics-related content. This strategy could address the
needs different user types may have such as minimal users, who do not want to
interact with an app for long, versus power users who enjoy spending time on an app.
However, minimal users would need to accept that the use of a basic version would not

necessarily provide a personalised experience described below.

A personalised experience implies providing content or features relevant for individuals.
Findings presented in this thesis suggest that potential users are willing to engage with
health and wellbeing apps with multiple strategies to help change the behaviour (i.e.
goal settings with action planning versus goal setting only). However, this may lead to a
more difficult app development process as, in general, there is rarely a singular
behaviour change strategy that works for everyone. This could be overcome by
providing several different BCTs and strategies to support users in achieving their
health goal. For example, in smoking, although the literature suggests that quitting
smoking ‘cold turkey’ (i.e. abruptly) or quitting by smoking gradually smoking less are
equally effective in achieving smoking cessation, when individuals are offered the
opportunity to choose an approach it increases the effectiveness of quitting (293).

Therefore, personal preferences for behaviour change should not be ignored.

Tailoring to sociodemographics was found as an important aspect of engagement. This
may be easily achieved if users complete a profile, and the content is generated based
on that. For example, health information shared in a smoking cessation app for females
over 40 may contain also contain female-specific information, such as the link between
perimenopause or menopause and weight gain, and quitting smoking and weight gain,
and provide advice on how to prepare for this and how to keep a healthy weight. To
complement findings of tailoring to sociodemographics, tailoring to the behaviour that a
health app addresses and tailoring to the participants’ psychological constructs (e.g.
beliefs in their capabilities) may be equally, if not more, important for engagement.
Indeed it has been suggested that this could be more effective in behaviour change

than tailoring to demographics (294).

Embedded professional support, as part of social influences, was found to be one of
the core factors for engagement. Health and wellbeing apps with professional support

have the potential to increase long-term engagement (295-298). However, many
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organisations seem reluctant to provide integrated professional support (299), perhaps,
due to financial reasons or lack of perspective of integrating health apps into routine
care. Professional support may however refer to artificial intelligence mimicking
embedded support using machine learning techniques (300), which has been
successfully implemented in smoking cessation apps in the forms of chatbot features
(161, 301). However, smoking and other behaviours, such as excessive alcohol
consumption (302), can carry a social stigma. Therefore, there is likely an interaction
between behaviours and individuals regarding some other social influence features,
such as peer support, social comparison and social competition, and the findings of this
thesis that suggest that not everyone would appreciate these features. Practical
considerations regarding integrating peer support into an app may require further work.
One potential opportunity would be to link or invite app users to a peer support platform
or a closed group on a social media channel. For example, Tweet2Quit offered such a
closed group platform for a Twitter-delivered smoking cessation intervention where
participants were able to access a private, self-help group to motivate members to quit
and doubled sustained abstinence (303).

Additionally, some factors deemed to be important for engagement are not universally
useful, such as reminders or peer support. Suggestion for clarification of the direction

of these factors are described under ‘7.5. Consideration for future research’.

7.4.3. Addressing digital health inequalities

The findings of this thesis contribute to the ongoing narrative about digital health
inequalities that may affect the uptake and engagement with digital health
interventions, and some factors identified should be considered when promoting uptake
and engagement. The World Health Organization mandates health equity, and this
implies that everyone should have an equal opportunity to reach their full health
potential, and no one should be disadvantaged from achieving this (304). Chapter 2 of
this thesis found that the uptake of health and wellbeing apps is more common
amongst women, except for apps targeting alcohol consumption. Younger age was
also linked with both the uptake of and the engagement with health and wellbeing
apps. Living in an urban area, having a higher level of education, and having a higher
income was also linked to better engagement. These findings suggest that technology
may contribute to differences in access to health resources for groups of people with
limited resources. However, health and wellbeing apps could also have a positive
impact on equity (305). For example, low socioeconomic status smokers, who have

access to digital technologies, may be more inclined to turn towards digital smoking
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cessation interventions instead of face-to-face interventions or quit lines to quit
smoking because the online mode of delivery could overcome barriers of guilt, shame
and stigma associated with their identities as smokers (306, 307). Health apps could
also provide content tailored to users’ literacy and overcome barriers such as treatment
engagement and financial and time factors, such as in usual smoking cessation

services (308).

To address digital health inequalities, exploring ways for more rigorous content
development may be required. Researchers and developers could work together with
local communities when developing health apps to improve their health by developing
these tools based on where people live and work (309). One potential solution is to
integrate community engagement into the development of data-driven strategies, for
example the community-based participatory research (CBPR) (310) or participatory
design (311). CBPR refers to the collaboration with community members at every
phase of the research process, from conceptualising the research to dissemination
(310). For example, CBPR was successfully implemented in the US to develop an app
to reduce the risk of developing cardiovascular disease among the black community
(312, 313). This was particularly important as the cardiovascular disease mortality rate
is twice as high in black individuals relative to white individuals (314). In this study,
practising cultural appreciation, such as biblical scriptures and messaging, led to high
app acceptability, usability and satisfaction rating (313). Similarly to CBPR,
participatory design fosters collaboration with end users and researchers to increase
the acceptability and engagement of target users (315). However, in participatory
design end users have a more active role and could directly contribute to the design
and content development (e.g., create app content), this way becoming a key group of
stakeholders. Participatory design was successfully implemented in the development of
patient-centred digital interventions to marginalised populations, including those with
limited English language proficiency (316), low-income women (317), individuals living
with HIV (318), and the LGBTQ+ population (319, 320).

It is hoped that the integration of community engagement using participatory methods
into the development of data-driven strategies to address the digital divide could bring
a number of benefits (such as addressing issues of functionality) and lead to better
engagement with digital interventions that promote health behaviours. As highlighted in
Chapter 1, high-quality apps would encourage behaviour change, hence improving app

effectiveness (60).
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Specific recommendations for policy and practice under the components of the COM-B
model to improve the uptake and engagement with health and wellbeing apps can be
found in Appendix 20. These recommendations were disseminated among policy
makers, including the digital team at Public Health England, NHS Digital and NHSX.
These recommendations have been considered during the development of a health
promotion portal led by NHS Digital.

7.5. Considerations for future research
7.5.1. Uptake of health and wellbeing apps

Uptake of health apps currently is an under-researched area of digital health.
Engagement without uptake is not possible and increasing uptake is one approach to
increase engagement. Some suggestions for future research to provide more evidence

to increase uptake are described below.

Perceived usefulness remains an important factor influencing the uptake and initial
engagement with health apps. The extent to which this can be measured and
conceptualised should be investigated in the future. For example, though A/B testing
(321), often used in user experience research to test two versions of the same
products, or factorial experimental designs (322). These could explore the uptake of
smoking cessation apps through visual representations of how they are listed on a
series of improved and mocked up versions of curated health app portals where apps
could be presented with different images and descriptions. Another possibility is the
development of additional DCEs, which could show a screenshot of apps listed, as
opposed to the verbal description employed in Chapter 5. However, as each image
would contain more information than a table describing the attributes, a larger sample
size with fewer choice tasks per participant would be recommended to avoid cognitive

load during the experiment.

Besides perceived usefulness, there are other uptake-related factors that could be
investigated in the future. Different methods are required to identify what environmental
factors may influence the uptake of, and engagement with, certain health and wellbeing
smartphone apps. For example, eye-tracking research (323) could be used to
investigate visual perception and decision making when selecting an app from a
curated health app portal by exploring what potential user found most relevant on the
portal (i.e., description of the app, or images), which could complement findings of this
thesis. Furthermore, this type of research could test the usability of a mocked up and

improved curated health app portal, that contains user guidance, additional health
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information and possibility the ability to filter for user demographics, that the think-aloud

research found potentially relevant for the uptake of health apps on health app portals.

Finally, research methods, similar to those used in this thesis for smoking cessation,
could be employed to test whether the findings can be generalised to health apps for
other behaviours. A series of behaviour specific think-aloud studies (181) prompting
participants to search for an app of their choice (e.g. for diet or physical activity) and
additional DCEs that could target the uptake of apps developed would allow a deeper
understanding of the differences in the uptake of different behaviour change or

wellbeing apps

7.5.2. Engagement with health and wellbeing apps

More experimental work is required to address the challenge of maintaining
engagement with health apps and to test the identified factors that influence
engagement (295, 324, 325).

Personalisation to individual needs, as suggested in this thesis, may be crucial for
engagement. However, how best to tailor content to support engagement requires
additional investigation. Addressing changing needs of individuals can be achieved by
using methods such as ecological momentary assessment (EMA) (326), which involves
repeated measures of certain behaviours in real-time in a real-life setting (327), and N-
of-1 studies which focus on within person variability over time (328). These can collect
real-time data through sensors from wearables or through apps (191). These could be
combined with machine-learning techniques, which could push content based on the
user’s profile or interest shown when using an app, or features the individual interacts
with while using the app. For example, in physical activity apps, the association
between reward and social learning is stronger for females, and the association
between reward and social competition is stronger for males (329). Therefore, in this
case an app could push content containing social competition to those who show
interest in these (i.e., interact with social competition features, such as step count
challenge). Future research could also investigate using data driven-approach factors
that are more important for certain groups or communities: for example, marginalised
populations, such as ethnic minorities or LGBTQ+ communities, may need other health

and wellbeing information.

Randomised factorial designs could be used to further investigate factors that the
studies in this thesis did not find universally beneficial, including cognitive load (apps
with complex features), reminders and peer support. The use of this design is

particularly suitable for digital interventions to evaluate the extent to which features
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improve engagement, which otherwise would be difficult to carry out in a face-to-face
setting (330). These are often guided by the Multiphase Optimization Strategy (MOST),
a comprehensive framework for optimising and evaluating complex interventions
efficiently which allows multiple variables (i.e., app features) and their interactions to be
evaluated simultaneously (331, 332). Similar to a DCE, sample sizes are reduced as
participants are assigned to multiple conditions, represented by two levels of the
features of the app. For example, a minimal and an intensive level could test the
difference in engagement for an app with simple or complex features, and different type
and style of reminders, and apps with or without peer support. The most promising
intervention components are then tested in a randomised control trial. Furthermore,
other randomised factorial designs could also be applied to different health behaviours
(e.g., smoking, alcohol consumption, physical activity, diet), to test whether the
importance of these factors is different across these behaviours. Finally, to overcome
the difficulties of the timing of reminders, there are promising developments in the use
of using probabilistic models to learn individual’s behaviours and provide reminders

based on user activity (333), which is worth exploring further in the future.

7.6. Personal reflections

This thesis initially constituted a development of web-based interventions to increase
the uptake and engagement with health and wellbeing apps. The planned stages of the
project were to conduct a comprehensive systematic literature review to understand
better the factors influencing the uptake of, and engagement with, health and wellbeing
apps, followed by a think-aloud and interview research for a deeper understanding.
Finally, the development of web-based interventions was planned to be followed by a
feasibility study. The development of the web-based intervention was planned to take
place in close collaboration with the digital department of PHE. This explains why there
was a card sorting task at the end of the qualitative research described in the topic
guide (Appendix 13) which was initially part of the intervention development and aimed
to shed light on the most preferred features of a prototype health app portal: the
platform planned to use for the intervention. The development of the web-based
intervention was ongoing when the COVID-19 pandemic started to threaten the public’s
health in the UK. PHE’s priorities changed, and the original plan was no longer
feasible, forcing the project to find a different methodological alternative to address its
main objectives and the DCE methodology was chosen instead. The development of a
DCE requires the same steps as the ones planned to develop web-based interventions.

Therefore, the change of the last stage was incorporated efficiently.
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As a first stage of this thesis, a systematic literature review with a potential meta-
analysis was initially planned. However, while exploring the published literature, | found
a lack of intervention studies that investigated the uptake or engagement with health
and wellbeing apps. Hence, there was a need to expand the focus of the systematic
review. A systematic review that applied an integrative approach including qualitative
and quantitative studies was appealing because the quantitative results could be
converted into text and coded together with the qualitative findings using thematic
synthesis. This is not a novel approach but a less known and underused way of

synthesising findings.

| believe that the think-aloud methodology is one of the best ways to gain a deeper
understanding of how the uptake takes place. Uptake of apps is difficult to measure
and even more challenging to understand the decision-making process for app
selection. The think-aloud methodology provided a unique way of observing this.
However, on reflection, features deemed important for engagement may have been
more accurate to measure through data-driven approaches, such as EMA, N-of-1
study, or factorial experimental design, where the use of different features and
frequency of engagement is measured in real-time. Nevertheless, the quantitative
studies would not have explained how, why, and when disengagement happens or
show what the most important aspects of engagement are. Additionally, quantitative
studies would not have highlighted factors affecting engagement that are not related to
app features, for example, the ones related to their social identity, hence, the

importance of semi-structured interviews to answer these questions.

During the recruitment of participants, | applied purposive sampling for the qualitative
research, and | aimed to be as rigorous as possible to include a wide range of
participants in terms of age, gender, ethnicity and education. To promote diversity and
inclusion, the recruitment also included a person who was deaf, for which | made all
necessary adjustments, including additional resources and liaising with a British Sign
Language interpreter. However, this participant later decided not to attend the session,
and explanation was never given. When writing up the findings, the think-aloud
methodology and semi-structured interviews generated such rich data that the decision
to report the results based on the two behaviours (uptake and engagement) separately

was made.

| found the use of the TDF to analyse and present the findings of the systematic review
and the think-aloud and interview research challenging. It required an additional

learning curve of accurately interpreting findings through the lenses of the chosen
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behavioural model. In some cases, there appeared to be an overlap between the
factors mapped under the TDF constructs, and there was a constant discussion with
co-authors with knowledge of applying the TDF on how the best interpret findings.
However, the mapping exercise of findings under the TDF were disseminated with

researchers with relevant experience in using these models to confirm the findings.

The DCE development was the most challenging part of the PhD. It was slow and
extensive, and it relied on self-directed learning of the method. Due to the COVID-19
pandemic, training on conducting this type of research was cancelled or postponed to a
year later. By the time institutions started to organise DCE methodology training online,
it would have been too late for this project to be delivered in time. However, to ensure
the accuracy of the self-learnt methodology, experts in health economics and in
conducting DCEs were involved as advisors. During self-directed learning, | noticed
that no single research article would advise a novice researcher on the initial steps in
conducting a DCE. Therefore, the decision to write up the development chapter as a
paper was made to help fellow authors, those with limited experience with DCEs in
particular, to conduct a DCE. On reflection, although | have limited experience in
writing research papers, | found writing a methodology paper the most challenging
manuscript to write so far. It also required a more extended period to finalise it, partly
because | had to ensure the language used was adequate for the readership and that |
did not go into complex methodological details unsuitable for an introductory

methodology paper.

The recruitment of participants for the DCE was achieved in three months due to a
managed recruitment strategy to ensure a wide range of the sample will be included.
This was achieved by constantly monitoring the recruitment process and adjusting the
variables in the paid social media adverts. For example, when the DCE included a
higher number of females and more individuals with a higher level of education, |
adjusted the recruitment so that the advert was shown to males and from lower

socioeconomic status.

The transformation of DCE data was another difficult task that required careful attention
and additional quality checks. The data was collected in a survey format, providing the
selection of one out of three alternatives (App 1, App 2 or neither) in each choice task.
The dataset used to analyse in Stata requires a specific data structure in which the
dataset has one row per alternative for each choice-task for each participant. For 337
participants, this meant 337x12x3 rows (with a few choices omitted, this yielded a total

of 12,087 rows) and 20 columns (including the alternative specific constants). There is
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a guide on implementing DCEs in Qualtrics to automatise the data transformation
process, which assumes HTML familiarity (334). However, | found this difficult to
interpret. Additionally, to my knowledge, there is no automated method to be used for
data transformation when visuals are used too (star ratings, in this case). Therefore,
the data transformation was undertaken manually. To limit the human error associated
with data entry (335), | conducted a series of quality checks once the dataset was
ready by comparing the transformed dataset against the raw data. Additionally, |
requested a co-author of the DCE research manuscript (Rory Cameron) to randomly
check the data transformation and check the underlying data, and there were no errors

found.

The DCE, as opposed to a feasibility study of a web-based intervention that was
initially planned, may have been a better choice to investigate the uptake of a smoking
cessation app. The DCE, due to its repeated choice sets, requires a smaller sample
size to have sufficient power to detect the probability of the uptake based on the

attributes used in the study.

7.7. Concluding remarks

The uptake and engagement of health apps is generally low and improving this is
needed to increase their impact on health and wellbeing outcomes at the population
level. The research presented in this thesis was undertaken to better understand the
factors that influence the uptake of, and engagement with, health and wellbeing apps.
This was achieved through the triangulation of findings of qualitative and quantitative
methods. One of the key findings was that social influences (i.e. the popularity of apps
and the credible source), seem to play a crucial role in the uptake of health and
wellbeing apps in general. The importance of different factors found to be associated
with engagement is likely to be behaviour dependent. Nevertheless, in general, factors
that improve users’ capability, including knowledge (i.e. user guidance, health
information), memory attention (i.e. minimal cognitive load) and behaviour regulation

(i.e. self-monitoring), were found to be the key drivers of engagement.
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Appendix 1. The constructs of the Theoretical Domains Framework

The Refined Theoretical Domains Framework

Reproduced from Cane, Connor & Michie, Implementation Science, 2012

Domair Definition*

Knowledge

An of the of

Skills

An ability or profici quired through p

Social/Professional Role and Identity
A coherent set of and dispi p
of an individual in a social or work setting

qualities

Beliefs about Capabilities
Acceptance of the truth, reality, or validity about an ability,
talent, or facility that a person can put to constructive use

Optimism
The confidence that things will happen for the best or that
desired goals will be attained

Beliefs about Consequences
Acceptance of the truth, reality, or validity about outcomes of
a behaviour in a given situation

Reinforcement
Increasing the probability of a response by arranging a
dependent relatit ip, or i A the

response and a given stimulus

Intentions
A conscious decision to perform a behaviour or a resolve to
actin a certain way

Goals
Mental representations of outcomes or end states that an
individual wants to achieve

Memory, and P

The ability to retain information, focus selectively on aspects
of the environment and choose between two or more
alternatives

| and
Any cil of a persons or environment that
discourages or encourages the development of skills and
abilities, indep: , social , and
behaviour

Social Influences
Those interpersonal processes that can cause individuals to
change their thoughts, feelings, or behaviours

Emotion
A complex reaction pattern, involving experiential,

i and physiologi by which the
individual attempts to deal with a personally significant matter
or event

Behavioural Regulation
Anything aimed at managing or changing objectively observed
or measured actions

Kr (including ge of condition/
scientific rationale)

Procedural knowledge

Knowledge of task environment

Skills

Skills development
Competence
Ability
Interpersonal skills
Practice

Skill assessment

Professional identity
Professional role

Social identity

Identity

Professional boundaries
Professional confidence
Group identity

Leadership

Organisational commitment

Self-confidence

Perceived competence
Self-efficacy

Perceived behavioural control
Beliefs

Self-esteem

Empowerment

Professional confidence

Optimism
Pessimism
Unrealistic optimism
Identity

Beliefs

Outcome expectancies

Characteristic of outcome expectancies
Anticipated regret

Consequents

Rewards (proximal/distal, valued/not valued,
probably/improbable)

Incentives

Punishment

Consequents

Reinforcement

Contingencies

Sanctions

Stability of intentions
Stages of change model
Transtheoretical model and stages of change

Goals (distal/proximal)

Goal priority

Goal/target setting

Goals (autonomous/controlled)
Action planning
Implementation intention

Memory

Attention

Attention control

Decision making

Cognitive overloady/tiredness

Environmental stressors
Resources/material resources
Organisational culture/climate
Salient events/critical incidents
Person x environment interaction
Barriers and facilitators

Social pressure
Social norms
Group conformity
Social comparisons
Group norms
Social support
Power

Intergroup conflict
Alienation

Group identity
Modelling

Fear

Anxiety

Affect

Stress

Depression
Positive/negative affect
Burn-out

Self-monitoring
Breaking habit
Action planning

*All definitions are based on definitions from the American

183

Dictionary of Psy gy ( 2007)
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Abstract

Background: The public health impact of health and well-being digital interventions is dependent upon sufficient real-world
uptake and engagement. Uptake is currently largely dependent on popularity indicators (eg, ranking and user ratings on app
stores), which may not correspond with effectivencss, and rapid disengagement is common. Therefore, there is an urgent need
to identify factors that influence uptake and cngagement with health and well-being apps to inform new approaches that promods
the effective use of such tools.

Objective: This review aimed to understand what is known about influences on the uptake of and engagement with health and
wiell-being smartphone apps among sdults,

Methods: We conducted a systematic review of quantitative, qualitative, and mixed methods siudies. Smdies conducted on
adults were included if they focused on health and well-being smartphone apps reporting on uptake and engagement behavior.
Studies identified through a systematic scanch in Medical Literature Analysis and Retricval System Online, or MEDLARS Online
(MEDLIME), EMBASE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), PsychINFO, Scopus, Cochrane
library databases, DataBase systems and Logie Programming (DBLP), and Association for Computing Machinery ( ACM) Digital
library were screened, with a proportion screened independently by 2 authors. Data synthesis and interpretation were undertakien
using a deductive iterative process. External validity checking was undernaken by an independent rescarcher. A narrative synthesis
of the findings was structured around the components of the capability, opportunity, motivation, behavior change model and the
theoretical domains framework (TDF).

Results: Of the 7640 identified studies, 41 were included in the review. Factors related to uptake (U), engagement (E), or both
(B) were identified. Under capability, the main factors identified were app literacy skills (B), app awarencss (U), available user
guidance (B), health information (E), statistical information on progress (E), well-designed reminders (E). featres to reduce
cognitive load (E), and self-monitoring feamres (E). Availability at low cost (U), positive tone, and personalization (E) were
identified as physical apportniny factors, whereas recommendations for health and well-being apps (U), embedded health
professional support (E), and social networking (E) possibilitics were social oppormriny factors. Finally, the smotvarion factors
included positive feedback (E). available rewards (E), goal setting (E), and the perceived utility of the app (E).

Conclusions:  Across a wide range of populations and behaviors, 26 factors relating o capability, opportunity, and motivation
appear to influence the uptake of and engagement with health and well-being smantphone apps. Our recommendations may help
app developers, health app poral developers, and policy makers in the optimization of health and well-being apps.
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app

Introduction

Background

Digital behavior change interventions, such as siarphone apps,
can be effective and cost-effective tools o change a range of
hzalth-related behaviors [1,2]. For example, there have been
promising studies of apps, including (1) delivering health
prevention messages for men who have sex with men [3], (2)
self-managing diabetes [4] and cardiovascular discases [5],(3)
weight management [6-8]. (4) aloohol reduction [9-11]. (5)
mcntal health imterventions [12], and (6) managing lorg-term
conditions [13]. For cemain behaviors such as reduction of
aleohol consumption, they could alse address the barriers
experienced by health professionals when delivering brief
interventions in person, such as lack of necessary training [11]
and to reduce the stigma sssociated with alcohol consumption
[2]. The public health implications are substantial because of
their potential to have a low increimental cost and broad resch.

Despite their promise, effect sizes reported in evaluations of
app-based interventions are ofien small. One  potential
explanation is the level of uptake and engagement. Uptake refers
to the act of downloading and installing a smartphone app.
Engagement has been defined as “{1) the extent (e.g. amount,
frequency, duration, depth) of usage and (2) a subjective
cxpericnce chasacterized by attention, interest and affect™ [14].
To date, low uptake and poor engag L ane Iy
observed with digital interventions, which are ofien insufficient
to sustain behavior change [ 15, 16]. However, there is a lack of
cvidence regarding the main factors contributing to this problem.

Systematic reviews that focused on one specific belavior or a
cemain type of health or well-being app suggest that the
cffectiveness of evidence-based smanphone apps can be
improvied by targeting the design and engagerment features, such
as user-friendly design, individualized and culiurally tailored
content, or health professional support [17-19]. A review based
on expericntial and behavioral perspectives concepioalized key
factors that might affect engagement with digital behavior
change interventions: the content {eg, behavior change
technigues, social support, and reminders) and how the content
is delivered (eg, professional support, personalization, and
acsthetic features) [14].

To owr knowledge, no systematic review that primarily secks
to identify factors that influence the uptake of and engagement
with a wide range of health and well-being smarphone apps
has yet been conducted. To narrow the focus of this review, the
four public health priority behaviors related to prevention
(smoking, alcohol consumption, plysical activity, and diet)
along with mental health and well-being were targeted.

e e g O] TETL

Theoretical Framework

The capability, opportunity, motivation, behavior (COM-B)
mode] is a comprebensive framework that posits that individuals,
1o perfiorm or change a behavior, noed the capability to underiake
it, the opportunity to take part i, and the motivation to cagage
with that behavior [20]. COM-B is increasingly being applicd
to inform the development of digital belwvior change
interventions [21-23]. The theoretieal domains framework (TDF)
[24] has previously been successfully applicd for systematic
reviews in other contexts [25.26]. The 14 domains of the TDE,
described clsewhere [24], otter a concise coding framework
that can be uwscefully conceptualized as possible targets for
behavior change interventions. The TDF, being linked to the
COM-B model [24], can be used as subthemes under the
components of the COM-B model {see Multimedia Appendix
1.

Ohbjectives

This systematic review aimed to synthesize factors identified
in studies that influence the uptake of and engagement with
Tecalth and well-being smartphone apps among adults targeting
public health priority behaviors (smoking, alcohol consumption,
physical activity, and diet) and mental health and well-being,
and mapped these factors under the components of the COM-B
model and constructs of the TDF. This could help infornm
stakeholders in public health and policy makers, digital belavior
change intervention developers, and providers of health and
well-being smartphone app portals to better target uptake and
engagement.

Methods

Systematic Review

The review was conducted according 1o the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA;
Multimedia Appendix 2) [27], and the protecol was registered
on the Intermational Prospective Register of Systematic Reviews
(CROE2019120312). The review used a mixed methods
approach to generate different but complementary knowledge
about users” views from qualitative findings and predictors and
patterns of behavior from quantitative findings.

Eligibility Criteria

Eligible studies had to explore factors that infloence uptake or
engagement with health and well-being smanphone apps among
adults. Table | summarizes the inclosion and exclusion criteria
using the Population, Intervention, Comparison or Context,
Onteoises, and Study Type ol
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Table 1. Lisi of mclesion‘exclusion crieria.

FICOE" cuapmacul Brluxin vasiciia Eachusim viilsiia

Participants s Adulis I8 years. Studies incloding individuals =16 years were ncluded if st Apps targeting health professionals

Intervention and con= =
text

least 7% of the participants wene =18 years

Studies investigating digital interventions using smartphone health and well-
being behavior change apps o the fallowing behaviors and outoomes smoking,
alcohel consumption, physical actwvity, diet and mental health, and well-being

Studies where the smantphane was not
the primary intervention campanent

Dhetcomes s Cualistive: findings described as fcilitabars, barmers, determinants of wptake, Usability and userdesting studies,
‘or engagement with health or well-being apps (cither already existing ar where fFanctionality and spp design
planned to be developed), including perceptions, beliefs, experiences, and in=  were exchusively investigated for spe-
terest of the participants. cific apps
s uantitative: uptake, d as number of d loads, and engag 1]
mensurned as number of logins, frequency of use, or any other relevant measure
that tracks wser engagement
Sthudy design s Al study designs were included Mone

*PICOS: Population, Intervention, Comparisan or Context. Outcomes, and Study Type.

Search Strategy

Electronic Search

A systersatic literature search was developed in consultation
with a specialist librarian from the University of East Anglia
and a senior information scientist from Public Health England
(PHE). An iterative process helped to define the final search
terms while ensuring a balance between sensitivity and
specificity. A systematic literature search was performed in 8
clectronic databases: Medical Literature Analysis and Retrieval
System Omline, or MEDLARS Online (MEDLINE), EMBASE,
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), PsycINFO, Scopus, Coclrane library database,
DataBase systems and Logic Programming (DBLP), and
Association for Computing Machinery (ACM) Digital library.
The databases were searched with no data limit, no publication
or geographical restrictbon, but limited to the English language.
Synomyms of 3 concepts were searched: (mbealh) AND
(behavior change) AND (uptake or engagement; Multimedia
Appendiz 3 shows the MEDLINE search strategy). The
clectronic search was initially performed in Movernber 20018
and was updated in August 20019.

Searching for Other Resonrces

Additiomally, the scarch also included a manual search in key
journals, such as Jowrnal of Medical Infermer Research and
Compurers fn Human Behavior, and in Google Scholar.
Reference lists of all included sudics were hand-scarched for
additional studics. The search for gray literature included
dissertations and theses, and unpublished rescarch data and
saterial were sought from government bodies and policy makers
during stakcholder commmunication (PHE, MNational Health
Service [MHE] in England).

Identification of Studies

All records identified by the scarch strategy were exported to
Endnote X9 and deduplicated. To reduce the likelihood of
reviewer selection bias and fo assess how reliably the study
cligibility eriteria were applied, a subsample (10%) of records

i e o g 0005 1 5T

was additionally screened by a seeond reviewer (FN) during
the title and abstract screening. Interrater reliability based on
the number of cligible and incligible studics was tested using
Cohen's kappa statistics [28], with the following cut-offs being
wsed: 0410060 w indicate moderate agreement, 0.61-0080
substantial agreement, and 0.8 1-0.99 almost perfect agreement
[28]. The full texts of potentially eligible studies were
independently screcned by DS, with 200 randomly selected
and double-screened by FN. The exclusions of the studics were
Jjustified and recorded.

Data Extraction

A data extraction proforma was developed by the first awthor
following the existing Cochrane guidelines [29], and the
subsequent data were extracted: study chasacteristics (authos,
date of publication, sample size and type, location of the study,
type of app imvestigated in the swdy, aim of the smdy,
methodological characteristics such as design, data collection,
and participants), main findings related to the research question
of this systematic review (including pamicipants’ quotations
and authors’ interpretations in the qualitative stdies and
reported results of the quantitative studies), and conclusions of
cach study. The data extraction was performed by | reviewer
{D8) and was checked for accuracy by a second reviewer (FN)

Quality Assessment

To assess the quality of the smdies, critical appraisal was
conducted using the latest wversion of the mixed methods
appraisal tool (MMAT) [20]. MMAT is a unique tool [30] that
was developed by pooling together the core relevant
methedological criteria found in different well-known and
widely used qualitative and quantitative critical appraizal tools
[31-33].

The quality of all studies was assessed by the first reviewer
{D5) and checked for sccuracy by 2 other authors (FM and AT).
The tosel is not intended to score the studies or to exchede papers
bt to offer a guide for interpreting findings [30].
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Data Synthesis and Analysis

Integrative synthesis was applied to analyze the data [34.35].
The focus of the synthesis was on interpreting the data using
specific concepts of the TDF as a deductive coding framewaork,
which, for ease of interpretation, is summarized wnder the
components of the COM-B model. Using the integrated
approach, the data were pooled together by findings viewed as
answering the same research questions, rather than by methods
(g, quantitative ve qualitative) [34,35].

Deductive  thematic synthesis, a methodology designed to

h the tr v of sy izing qualitative data [36],
wis used to conduet the data synthesis of the findings of the
qualitative studies and the qualitative component of the mixed
methods studies. Using line-by-line coding. the findings were
coded deductively into the domaing of the TDF. The coding
wis conducted by the first author, and a randomly selected 10%
of the coding was checked for aceuracy by another author {FN).
Regular coding meetings were conducted to  maintain
consistency. The expert opinion of an independent researcher
with extensive experience in systematic reviewing was sought
for data synthesis. The integrative approach includes
interpretation of the quantitative findings by guafit=ing [35],
which refers to the textual interpretation of the findings of the
quantitative studies (regardless of the interpretation of the
author) so they can be combined marratively with qualitative
data [35].

Results

Included Studies

A wotal of 7633 studics were mitially retrieved, with a further
6 identified through manual scarch and reference cheek. An
additional unpublished research report was received from
stakeholders as part of the gray litcrature search process. Mo
non-English papers were identificd. A total of 2138 duplicates
were removed. A total of 5429 siudies were excluded based on
the review of their titles and abstracts. Figure | illustrates the
inclusion and exclusion of the studics following the guidance
of the PRISMA flowchart [27].

During title and abstract sereening, substaniial agreement was
achieved between the 2 independent reviewers (x=0.63) [2£].
Two types of disagreements were wdentified (one reviewer
included studies that targeted app used in conjunction with a
connected deviee and purely user-rescarch studies) that limited
agreement between the reviewers during the sclection process,
which were resolved through discussion and consultation with
anather author (AT). Afier disagreements were resolved and the
eligibility criteria were updated accordingly, 73 studies were
wdentificd as potentially mecting the inclusion criteria. All
titles and ab of records were assessed by 1
reviewer (D). OF these, 41 studies were meluded in the review
[37-77]. om of which 13 were  quantitative
[41-44,49.33 55 63-03 68, 76,77, 7 were mixed methods
[38.47.539.62.73,74.78]. and 21 were qualitative studies
[37.39.40,45-47_50-52 34, 56-58 60,61 66,67,70-72, 75

b e gy MMV 1 TS T
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Description of the Included Studies

The end users of the studies were described as the general public
[37.39.42.44.46.47,50-54.56-39.65,71,72,75.76]. college
siudents [48], existing app users [38.43,46.49,35 63,67 77,78],
male workers in the male-dominated industry [60], lesbian, gay,
bisexual, transgender, queer, and other spectrum of sexuality
and gender (LGBTOH ) communities [40], moral communitics
[57], Asian cthnic mnorities [4] ], pregnant women [73], patients
in primary care [43,61.74]. adult cancer survivors [62], adults
with diabetes [537]. those infected with HIV [64], those with
chronic discase [68], and those with a bipolar disorder [69]. The
foeus of some studies was very specific and targeted a certain
health behavior or condition, including alcohol reduction
[38.46,34.58.39.64], smoking cessation [40.58,67.72,77],
increasing physical activity [39.435 48.49.53,62,65,68], weight
management [4748.51,53 63,65.66,T1, 78], depression [32,61],
mindfulness [50], diabetes management [57], and health
management in pregnancy [73]. Other studies were less specific
and targeted a more gencral mental health app [43,60,70] and
amore general health app [37.41,42.44,55 56,74-T6]. In all, 13
studics mvestigated factors influencing one particular app
[38,39.43 45 46,49.50,54, 55,63 65 67,70,72.77]. The remaining
27 stadies examined users' perceptions of a wide range of apps
or of a hypothetical app not yet developed.

The studies were published between 2011 and 20019 and were
carried out in Australia [37,49,60,61.70], Belgivm [69], Canada
[40.51,35,67], China [68,73,76]. Czech Republic [63], Ireland
[43], Iialy [39], Mew Zealand [47], Morway [75]. Sweden [32],
the United Kingdom [38.446,50,54,58,59,62,66,71,72,74], and
the United States [41-44.48.53,56.57.63,64.77). The study
characteristics are summarized in Multimedia Appendix 4.

Quality Assessment of the Studies Included

On the basis of MMAT [30], the majority of the studies
employing qualitative methodology were deemed to be of high
quality. Concerns related to the sample were identified across
many quantitative studies. This included ssues around sampling
and kack of clarity as to whether the groups were comparable
at baseline or whether the sample was repeesentative of the
general population. In 4 nonrandomized studies, confounders
were not accounted for by the design and analysis. Ouwt of 7
mixed methods studies, 2 were judged to be of low quality, out
of which one is an unpublished repor (gray literature) and the
other one is a published short report. See Multimedia Appendix
5 for details of the quality assessment for cach study.

Data Analysis and Thematic Synthesis

Although not all the studies presented data for all aspects of
this review, all studies presented some data thar could be
included in the synthesis. Evidence that was considered weakly
explained or was judged to be unclear was not included in the
summary of findings. An overview of the identified factors and
the level of influence (uptake, engagement, or both) along with
a brief description of cach factor can be found in Table 2.
Examples of supporting evidence are provided in the Textboses
1-10.
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Figure 1. Reporting liems far ic Reviews and Meta-Analyses illustratineg the nclusion and ion of studics.
|
Records identified through database Additional records |dentified through
searching (n=T633) ather sources (n=T)
Duplicates removed (n=2138)
e —
TS
Reconds screened by tithe and abstract » Record excluded (n=5429)
(n=5502)
Full texi afiches exchuded, with
raasons (n=32)
— »  Not availabie iy
resoues (n=3)
= Conference abstract (n=10)
#  Usability study (n=3)
Full-imxt articles assessed for eligibility (n=73) I—u . O o
/]
s App nal prrmary nlersaention
faature (n=2)
#  Nol app (n=4)
. i < 16 yoars
SN =1}
Studies included In the *  Other targat behenior (n=1)
synthesis (n= 41)
—
r
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Table 2. Factors identified in the systematic review.
COM-B* component, TDFY construct, and identified facior (sounce)© Upiake. engagement, or both  Short description of the facior

Physical capability
Skills
App literacy [46,50,57 61.65]
Psychological capability
Knowledge
App awareness [ 34,56.57,61,75]

User gusdance [37,39,46.50,559,72]

Heakih information [47.51,53,54,56-58, 62,69, 72,73,7H]

Seatistical information [17-39.46 52 54 57 66.,67.71,72,75]
Memary, sttention, and decision processes

‘Well-designed reminders

[ 374043 46,48 51,5254 56-58. 62, 66-69,T 1. 78]

Less cognitive boad [37,%9 46,48 50,51 ,54.56-58,60,66,69.71,72.75]

Coping games [£0,60,67.72]
Behavieral regulstion
Self-monitoring [36, 3840 45 48 5152 55, 57_59,60]

Established routines [18,48, 50,54 66]
Safety netting [17.61,66,73]

Physical spportunity
Envi context and

Availahility and accessibility [37.40,45,49,52,57,72,78]

Low cost [37.40,47 4856 68.72.74]
Imeractive and pasitive tone [46.51,57.60,69.71,72]

Personalization to needs
37,38, 40,47 50,52 56, 57 6062 69, 71,7275, 78]

Social influences
Recommendations [56-38,61,74]

‘Health practitioner support [3740,51,52,57. 5%, 62,67.69,72,73]

Community nesworking [17,39,40,47,56,59,62,66-73,75]

Social media [39.80,48,54.56, 58,6 66,67,71,7TL75.78]

Social competition [37.39,45,56,59,66,67]

Upake

Both

Engagement

Engagement

Engagement

Engagement

Engagement

Engagement

Engagement
Engagement

Upake
Uptake

Engagement
Engagement

Upake

Engagement

Engagement

Engagement

Engagement

Technalogical competency

Knowledge of the exisience of
health and well-being apps

Instructions on how io effectively
use the app

Educational information related to
heealth and well-being sspects

A visal or nemerical summary of
progress

The ahility to custamize reminders

The app is mot too time consuming,
easy bo use, and requines mimimal
input

Distraction activities within the app

The ahility of the app 1o help self.
regulation of the target behavior
Regularity in using the app
Retaining the app for a potential
precipitating event in the future

The abilsty to use a smariphone
anytime anywhene

The price af the app

Encouraging communication style

The passibility to use an app that is
tailored to & user’s neods

Suggestions received from other
users

Possibility ko get im touch with
health professionals and practition.
ers within the app

Social interaction with users with
similar needs within the app or
withim their community

A choce o connedt to social media
platforms

Competitive natere of the app with
others or with themselves

binp o iz g IS 1 TETE

XSL-FO

RenderX

I Med Internet Ries 2000 | vol. 22 | s 5| 217572 | p.6

189

e nerer ne for & isdion parpanes)



JOURNAL OF MEDICAL INTERNET RESEARCH Szinay et al
COM-I* component, TDF” construct. and identified factor (source)® Uptnke. engagement, arboth  Short description of the facior
Persomification of the app [ 19,45 47 48 50.56] Engagement Applying buman attributes to the
app
Automatic motivation
Reinforcement
Feedback [37,39.45-48 51,52, 54,56, 58,6 2.67,72] Engagement Feedhack reganding the user’s per-
Formance
PRewards [17 40,45 46,56-5% 66.69,71.75] Engagement Tangible and intangible reward in
resporse to the wser's effan
Emations
Curiosity [18,52 54,61] Uptake Diesire to acquire knowledge and
skills ta use a behavior change tool
Reflective motivation
Cinals
Goal setiimg [38,39.45 48,51, 54, 56.58,59,66.71,74] Engagement Esiablishing what the wser would
like o accomplish
Beliefs about consequences
Perceived utility of the app [37,46,52.59,61,74] Engagement Discrepancy of what the users are

loaking for and what the app offers

SCOM-B: capability, oppartunity, motivation, behavior model.
PTIF: thearetical domains framework.
“Stadies where the factors were identified.

Physical Capability

Theoretical Domains Framework: Skills

Skills refer to one's ability to perform an action and include
constructs such as competencies, interpersonal skills, skill
development, and practice (Textbox 1) App  literacy
[46.50.57,61,65], defined as technological competency o use
a smartphone app, was repored by participants as being of high
importance for both uptake and cngagement. A basic level of
app litcracy is required o be able 1o download and initiate
cngagement with an app (see quote 1, Q1), whercas adequate

app literacy skills would enhance users' intentions to engage
with an app (2] [46.50]. In a cross-sectional study, advanced
app literacy was sssociated with imcereased wse of the social
functions of an app, such as networking, but not with the
functions that target action pl and goal [65]
This suggests that app literacy might be an important aspect for
snecesaful uptake, but this alone might not be enough to
maintain engagement. [n contrast, users have reported that lack
of app literacy skills could trigger negative emotions toward
themselves (g, scli-blame and disappointment of not being
able to use an app) [46,50,61] and could contribute to their
perecived low self-confidence in using technology [61].

Texthas 1. Mustrative quotes (] and Q2) for fsctors mapped onto the physical capability suboampanent of the capability, spportunity, motivation,

behaviar medel and coded under the thearetical demains framewark: skills.

Uptabe and engagement
App Ienacy

s Quoie 12 *T'd be happy io do & if | knew bow o do it [but] [ don't know how to downboad apps...] need help with technology. Like, I'm 58 and
I didn’t grow up in a technalogical age and so do find that 1 lack confidence with techolegy.” [61]

a  Quoie 2:"Tve never used it [these apps] because | never got it to work the way | wanied it to." [57]

Psychological Capability
Theoretical Domains Framework: Knowledge

Multiple factors were identified under the TDF domain that
covers rational, procedural, and other types of knowledge;
information; amd awareness of the existence of something

binp o iz g IS 1 TETE

{Textbox 2). App awarcness [34,56,57.61,75], such as
information on the existence of health and well-being apps,
would positively infloence the uptake of health and well-being
amartphone apps (3). It was suggested that many participants
were not aware of the availability of such tools, and some found
the disorganized nature of the commercial app stores confusing
and represented a barrier for uptake [61].
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Textbax 2. [Husirative quotes (3301 3] for factors mapped ondo the psychological capability subcompenent of the capability, opporiunity, motivation,
thearetic Enowledge.

behavior model and coded under the

ical domains framework:

Uptate

App swarensss

Empagement
User guidance

Health information

Siatistical information

{Chsate 3z =1 didn't realize that they had an app ™ [57]

Quote 4: 1 want something o tell me ‘Do pumber | first, then number 2. When you've dane this go here” so [ dan’t have to think joo much
about it. Once 've got it wp and nuning ['m fine.” [46]

Qhecie 3: " Just ai the beginning of the app. when you've downloaded it and you're using it for the first tame, it should tell you what to do. But
nod every time. You don't need guidance how io wse it and where things are, because | think it would jusi be annoying” [59]

{Chsate 6 ~[lt is] impaortant and really helps me to learn showt bipolar disorder and read about sneff” [67]

{Cheate 7: 1 enjoy |learning something mew. [t's quite informative and malkes you think about what you're doing. [(3G] helps you to understand
a bit mare about what's going an..what could go wrong by continuing [t0 smoke] ™ [72]

Cheate B: V[ personally am scared of getting lymphedema, and still don’t know sometimes what exercises are good to prevent it, so [ think that
maybe educating people about [...] consequences of nol exercising from a really good NHS source would be helpful.” [62]
Qhecie 92 1 think everyone has heard that information many times. It's actually guite patronizing... shallow stuff, not hard-hittng wseful facts. It

‘obviowsly isn't a tailored app to cach person, but it gives enough mformation that each persen can relabe to it in a tailored way. [ find &t really
‘engaging. | suppose that's why | stuck with it.” [72]

{Chsate 10: ~1 like the numbers. 1 like to track stff and have some figures behind it rather than just like, oh, I'll go for a run today. I be like,
well, I'll go fior & nen today but what's my time from last time and how can | beat it And | think that's why this kind of app appeals to me. IF [
jusst put the: drinks i and it just said you're drinking too musch but didn’t give any numbers behind it I'd probably delete it within & few days"

[38]

it out " [45]

fmoe even mare, you know ™ [67]

®  Quoie 1 1: "1 was like a visual of my day of smoking. And every day, you'd look at i, it went down and down and down, like it got better every
day. 5o it was like a moinvational thing to just lock, like positive reinforcement.” [67]

®  Quoie 12: *1.couldn™t find amy graph thai's reflecied the mood so therefone 1 didn’t see the point of having to fill that part cut and | stopped filling

®  Quoie 13: If you're having a bad day or a cowple of bad days, seeing it on [the app] as a reflection [of your bad days] just like kicks you in the

User guidance [37,39.46,50.59,72]. namely, instructions an ow
to effectively use an app, such as how to create achievable goals,
influenced uptake and initial engagement. It was proposed that
having a guide on how to use an app could positively affect the
users” intention to engage with it, and hence, users might be
able to better regulate their behavior (Q4) [46.59]. However,
the presence of a guide was reported off-putting and unnecessary
for long-term engagement by producing negative emotions (eg.
annoyance) once the knowledge reganding app functionality has
been gathered (QF) [39].

Available health information within the app was pereeived by
users as beneficial and positively influenced their

demystify myths [72]; (8) recerve health news wpdates, such as
on smoking taxes and bans [72]; and {9) better understand
aleohol units in the UK [54].

However, the quality of mformation was identified as potentially
affecting engagement [ 72]. Some users wanted a credible source,
a trustworthy and evidence-based guide with references to the
information they receive ((8) [62,70,73]. Health information
that focuses on negative aspects of past behavior that canmot be
modified (eg. smoking or alcohol consumption) would trigger
megative emotions (e, regrets) [58]. 1t was suggested that better
quality of information would inerease the likelihood of

Users with an app, and consequently,

in several smdies (6 and Q7) [47.51.53,54.56-58,
6269,72,75,78]. Depending on the target behavior, end users
wished to (1) access advice on exercise routines [39, 56,62 66];
(2) seek nuiritional education [39,51.56,37.66,70]: (3) widen
their knowledge of healih consequences [58,67.72]; (4) find out
more about healthy living while living with a medical condition
[62.73]; (5) know more about the conditions they are living
with [69,73,75]; (6) improve their health literacy [75]; (7)

it o o M0 S 1 TST
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they would better self-monitor their behavior [ 56.67]. This couald
be achicved by providing a wide range of information that
everyone could relate to rather than facts that are already known
{09) [72]. For example, 1| qualitative study suggested the use
of health quizzes to promote engagement [75]. Health quizzes
were also found promising by a large study that evaluated the
uptake of a loyalty points—based health app conducted in Canasda
[55]. One of the intermediate objectives of that study was to
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improve the Canadian population’s health liersey by using
health information related to quizees. The app usage data
meluded quiz completion rmtes, and the resulis showed that 0%
of the wsers were highly engaged with the app by having more
than 75% of health quizzes completed. Furthermore, better
health literacy might enbance beliefs about consequences (eg.
health outcoms expectancies) [67.72] and the wsers” mtention
to stay engaged with an app and subsequently with the behavior
they target to chamge [72,75]. Mackert et al [53] also found that
adequate  heath  literacy was  associated with  increased
engagement with fitness and nutrition apps.

Users valued available statistical information
[37-39,46,52,54.57,66,67.71,72.75], which was a wvisual or
numerical summary of progress or a trend in their behavior.
This included features such as step counting [71,75], the number
of calories consumed [54,71], number of days spent abstaining
from smoking [67], the amount of money saved by quitting
amoking [72] or by reducing drinking [54], a trend in their
aleohol consumption and how it changes over time [3846.54],
as well as a way to allow amalysis of wser data [37.75]. Being
able to check their progress helped users better monitor their
belavior (Q10) [37-39.71.72], and for some individuals, a
positive trajectory acted as a behavioral reinforcement (Q11)
[46.67]. In 2 studies, participants reported that a lack of visual
representation of progress led to disengagement with the aleobol
reduction app (Q12) [38.46]. and 1 study on smoking cessation
reported negative emotions associated with progress viewing
during e fiew bad diys, suggesting discouragement ((313) [67].

Szinay et al

Thearetical Dy ins Fi rk Dy
Attention, and Decision Processes
This domain focuses on the ability to retain and select
information, including sspects of attention, memory, decision
making, and cognitive overload (Textbox 3). Reminders
[37-40,43 46,48 51,52, 54.56-58,62.66,67,69-7 1] to engage with
anapp were reported to be useful for people with busy schedules
and for those who tend to forget engaging with the app and,
therefore, with the target behavior [37.39,43,56,67]. Individuals
described being inclined to check their phones when receiving
a notification  [37.38.40]. Reminders positively  affected
behavioral  regulation by promplting  cngagement  with
self-monitoring and the tracking features of the app (Q14)
[37.39.40.51,534.62,67.69-T1] as well as reinforcing the users
by reminding them about their positive progress [40048,51]. A
microrandomized trial found that a push notification that
contained a tailored health message resulted in a small increase
in the engagement with a health app [43]. A large study
conducted on engagement with a weight loss app found that
16% of the most engaged group used reminders, compared with
1% of the least engaged group [64]. However, not all users
found reminders wseful [37,39.51,56-38,668). In the case of
behaviors that are associated with stigma {eg, aleohol
consumption), reminders would threaten the users” social
identity when they are received at an imappeopriate time or
wrong place (0135) [3846.54]. Therefore, the timing of when
the reminders were sent as well as the language used appeared
to be important conditions. 1f these conditions were not met,
wsers were more likely to torn the notifications off [37,38.69]
or ignore them (16) [56,66.67]).

in: Memory,

Texthax 3. [kustrative guotes (14020 for faciors mapped omio the psychological capability subcomponent of the capability. opporiunity. motivation,
behaviar medel and coded under the theoretical domains framework: mensory. atiention, and decision processes.

Ergagement
Well.designed reminders

s Queate 14: 71 found it was almast like baving my giffriend there, in a good way. So you're like, oh | haven’t dane this in twa days, [ didn"t even
realize, but my phone just reminded me. Betier keep i going.” [67]

®  Quoic 15 *1 think because they were jusi pinging... and | was just thinking, | doo’t really want o read this right now. Ovicusly, and 1 den’t
knorw whether they do bui [ guess mest people check their phone when something pings in and you can be with your friends and achally maybe
you wouldn't want bo be saying to your friends, 1've just got a notification from Drinkaware™ [38]

®  Quoic 16 “1 completely ignored them [nodifications]. Actually, I'm preity sure | had the nodifications that were from the app all twmed off. 1t
just felt Iike 3 pop up, lke another thing for me to elick chase on throsghout the day. 1 completely paid no sttention to " [67]
Liess cognitive basd

s Queate 17: T really boved it [Couch to 5K, there was no excessive bagim, it was really easy you just downloaded and stant you have 1o have your
email, na passward, no nothing |ike that, they dan’t send you & bunch emails that snnoy the crap ot of me. Nothing " [45]

s Qreate 18: “What I'ms thinking is, this better be easy, because atherwise ["'m probably not going 1o do it. If there are too many obstacles in the
way | won'i. Even though | know | need to do this, 1 probably won™t™ [46]

Caping games

s Quoie 19: "If there was a bunch of games on the app that were there to disiract you from smoking. (you could) go play 5 mins of a quick game
insiead of smoking ™ [40]

®  Quoic 20; “Maybe if they had prior to like some type of like a mini game or something in there that would keep the mind occupeed rather than
telling you, “Don't smoke" [72]

Regarding attention and decision processes, the findings of the  should be avoided to maintain engagement with an app. An app
studies ineluded in the review proposed that cognitive overload  that is less time consuming, requires minimal input, and is casy
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to uwse and log intoe was preferred (Q17)
[37.39.46,48.50,51.54,36-538, 60.66,69.71,72.75).  Additional
functions that decrease the time spent on a task using an app
were highly appreciated [37.3948.50,54.56,71,72,75]. The
automatization of data collection, for example, by linking apps
to wearables [37] or by using the camera function to scan the
barcodes to input calories [71] was found to be particularly
useful in physical activity and weight management apps. An
app that is easy to use and does not require extra effort would
increase the intention o engage with it [39.46,48 54,56.57,74]
and would improve users" self-monitoring and self-

strategies [48.51,660.75). Conversely, using a difficult and
time-consuming  app would affect the users’ perceived
competence in engaging with it (Q18) [30]. Such an app often
would be deleted or replaced with another app that is perceived
to be casier to use [46,48.56,66.71]. Only 1 stody found that
users who are highly committed to change behavior (in this
case, to reduce aleohol consumption) would be willing to
overcoms this barrer [54].

Including coping games [40,60.67.72] as distraction activities
has been suggested as a helpful way to cope with cravings
(smoking) [40,67.72] or with distresa [60]. Some users indicated
that by using their hands and minds, they expected o be

Szinay ctal

preoccupied, instead of engaging with the undesirable belavior,
while keeping them engaged with the app itself (19-0Q20).
Theoretical Domains Fi rk I : Behavioral
Regulation

Belavioral regulation refers to managing, monitoring, or
changing actions or behavior { Textbox 4). Self-monitoring, the
ability of an app to help monitor and regulate the target behavior
[36.38-40,45 48, 51.52,55,57,59.60], was found to be important
in supporting behavior change. A self-monitoring frature was
able to raise awareness about the number of cigarettes smoked
[40.58], the amount of aleoho] consumed [38], the number of
steps taken [45]. the mood they have [60], or users caborie intake
{Q21) [48.56]. It also enhanced nsers' intention to engage with
an app [51.52,38], provided self-reinforcement [32], helped
increase self-efficacy (Q22) [56.61,71], and evoked feelings of
control, securiry, health, empowerment, and automomy [54].

An  established routine or regularly using  an  app
[38,48.50,54,66] positively affected the imtention to engage with
an app [30] and to maintain engagement (Q23). Furthermore,
safety netting [37,60.66,73], defined as the ability of an app to
provide afercare [66] and an option to retain an app for a
potential precipitating event in the futre and for relapse
prevention, was found to be useful to maintain the behavior,
even when the target behavior has been achieved (Q24).

Textbaox 4. [kustrmiive guotes (21024) for faciors mapped onio the psychelogical capability subcomponent of the capability. epporhunity. motivation,
behaviar model and coded under the theoretical domains framework: behavioral regulation.

Empagement
Self-monitoring

stane | gwess™ [T1]

Routines

Safety neiting

» (ot 212 *You get o chance to see what you do an a dailly basis, something you're probshly not aware of ™ [ 36]
»  Csote 22- “Becanse [ can see I'm getting better, [ use the app now, but [ can see myself in the foture not having to use it. Kind of like a stepping

®  Quoie 23 “Because, I've got @ couple of ather litile apps that [ lock at on a daily, nat all apps. but a litle regime of four or five, you know, |
«check the weather and [ look at my drink app, and varsous things like that, a liitle routine, =o preity much daily” [38]

®  Quoie 24: “] think the migraine cne's probably outlived iis usefulness for me, but the back pain ene, [ could still go back o that at any time. If 1
started to need 1o monitor my pain again in a systematic way, I'd still go back o it [37]

Physical Opportunity

Theoretical Domains Framevwork: Environmental
Context and Resources

This domain refers o the circumstances of an individual's
situation of environment that positively or negatively affects
the uptake of or engagement with health and well-being
smanphone apps ( Textbox 5). The availability and aceessibility
of a smartphone [37.40.45,49,52,57,72,78] facilitate both uptake
and engagement by having a behavior change device in close
proximity (Q25). Although smartphones or tablets enlance the
portability and accessibility of health apps, the development of
an accompanying website was suggested to reduce inequality
for those who might not hkave the opportunity to own a
ssartphone (Q26) [40]. Furthermore, the results of a digital

it o o M0 S 1 TST

behavior change intervention stady examining engagement and
nonusage attrition with a physical activity program suggest that
when the app was used together with the accompanying website,
a higher cngagement rate was observed compared with those
who used the app-only or the web-only versions [49].

The low cost of an app was found to be an influential factor for
upitake [37.4047,48,56,68,72.74] 20 that low-income individuals
would be able o afford them (Q27) [47]. In a questionnaire
study in China, 1 of the top barricrs 10 using a health app was
the extra cost, kaving a total of 83% of patients reporing that
they would not be willing o pay for a health app [68].
Nevertheless, a few pamicipants expressed their willingness to
pay a small exira fee (ie, under US 35) if, this way, they could
unlock unique features otherwise not available with the free
version ((Q28) [37.48,56,74].
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Texthax 5. ustrative quotes (25034} for factors mapped omo the physical oppartunity suboompanent of the capability, spportunity, motivation,
behaviar model and coded under the thearetical domains frmewark: envi comtext and r

Uptate
Availability

be able 10 socess the program” [40]

Low cost

Erpagement
Pasitive tone

71

Personalization

am o use it [59]

just a general quit-smoking app” [40]

®  Ouoic 25 "1 was real ¢ YU i it it in your pocket and off you ge and... you could do it & your own page.” [45
easy you just put it in your poc you go ¥ ¥ pace” [45]

a  Quoic 26: 71 feel like there would need to be a website equivalent with it {for) people who don’t have access io smariphones but do have access
1o public ihranes. A kot of smokers are LGATC) and a bot of LGATQ are in poverty and homeless. The people that you want 1o access might not

s Qusate 27: 1 wouldn’t pay money fior an app. | think that's kinda stapid " [45]

s Quate 28: “I'm prepared 1o pay for applications. As well as being in the saftware industry, | understand that it's people’s livelihoods are aftached
i this. | wse some free applications. but | ofien will pay for the wpgraded or the purchased option.” [37]

®  Quoic 29 1 had a chocolate bar ioday and It would say, this checolaie bar contained this much satursied fat and... [ just feel really guiliy now.”

s Cnsate 30 “1 thimk 1"'m more kikely to listen to practical advice rather than finger wagging.. ™ [38]

s Qusate 31271 just see it &5 & way to help me monitor what I'm daing and mayhe give me a litthe kick in the pants every now again to be like, "By
the way. that donut had five hundred calories in it Maybe make a better choice at dinmer ™ [31]

s Quate 32: “The more [ would be able to manipulate the app to be and do what [ wanted ar nesded, for my own circomstances., the mare likely [

®  Quoic 33: "l must be very persomalized, if's easy to find things on the Internet. but i's mostly for rormal people.” [75]

s Quoie 34: “Assuming thai it’s customised to LGBTO (and) it mcorporates the kinds of struggles thai we've kved throwgh, it wouldn't be any
avemge quit-smoking app. The faci that it’s specific to a community... the Bact that it's LGBTQ-specific, that would help us more than if it was

MNumerous studics have found that interactivity and positivity
of tone may be efficacious for engagement. especially when
attempting to change behaviors associated with self~blame (eg.
weight management) (Q29) [46,51,57-60,69.71.72]. In total, 3
studies provided evidence that an encoursging tone rather than
a condescending tone was important [46. 38 69]. Evidence from
I study suggested that apps should use praise but avioid shame
[51], and another study provided evidence that a relaxed tone
may be beneficial and may include jokes [46]. Several studics
suggested that demanding or annoying language would be
ignored (Q30) [37-59], although a stdy of nutrition apps
reported the occasional need for a tougher attitude to achieve
goals (31} [51]. Nevertheless, careful selection of the
terminology wsed to understand the app and what it does, such
as using simple and clear language, was suggested to make a
notewarthy difference in the effectiveness of the content [60,72].
Temminology around certain behaviors might make a difference.
For example, it was reported that using a sonssoker label as
opposed to an ex-smofer label would increase people’s
self-confidence [72]. It was suggested that wnsupportive
language would evoke negative emotions {cg, guilt and regret),
which would affect the intention to engage with an app
[46,59.71].

A personalized app was highly alued for cngagement
[37.38.40.47 50,52 56,57 60-62.69-T2,75]. Users would want
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Social Opportunity
Theoretical Domains Framework: Social Influences

Social influences are interpersonal nfluences {received from
other individuals) that could impact an individual s belaviors,
decisions, thoughts, and feclings (Textbox &) In 5 studies,
recommendations to wse an app [$6-38.61,74], recerved from
health care practitioners or trusted providers [37.61,74], friends
and families [56,60,74]. or by reading user reviews [36,58,74],
positively affected the uptake of health and well-being apps
(Q35-037).

Connections between an app and health practitioner

were  highly  valwed [37.40.51,52.37,59.62,67.69,72,73].
Participants reported that counseling services should be linked
to an app [40,6769]. such as an emergency burton feature [69],
whereas others have emplasized the importance of linking an
app to their health care provider (Q38-040) [37,62]. Health
practitioner support could help overcome potential barriers
caused by lack of skills, such as app literacy [32]: enhance
self-monitoring [32,62]; and act as reinforcement [32], having
the potential to enhance intentions to engage with the app (Q40)
[52,62,72]).

The possibility of commumnity networking within apps with other
users or other people with similar needs has been identified in
multiple studics [37.39.40,47, 56,59 62,66,67.69-73,75]. It was
considered an i ant social support by reinforcing behavior
change [47,56.59,62,69,72.73] and by sharing knowledge and
expericnces [37,69.73.75]). This was found to nerease their
intention to engage with the app and, subsequently, the behavior
(H41-042) [62]. A large study found that the most engaged
group had a mean number of 24 friends within the app, as
opposed to the least engaged group (1 friend) [64]. Users®
potential social roles or group identities and personal preferences
should be taken into consideration. For instance, individuals
from the LGBTOH community [40] and cancer survivors [62]
wounld wish to interact with people who face similar challenges
(1) In addition, some users would not want to share
information with strangers due to fear of social comparison
[39.539] or social stigma [34]. whereas others were mose open
to connecting with strangers rather than with friends or family
(Q42-Q44) [36].

Evidence for the importance of embedded social media for
engagement  has  been  mixed  [39.40.48,54 56,38.61,66,
(7. 70-72.75]. It largely depends on the individual's attimde
toward these channels and on the target behavior. Some users
found this reinforeing (Q46) [40.61,71.75]. whereas others did
not want to cngage with such features due to social stigma (eg,
smoking, aleobol cons ion, of weight management;
Q46-04T) [39.48,34 56,58 67,72].

b e gy MMV 1 TS T
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Social competition [37.3948.36.59.660.67]  includes the
posaibility for individuals to compete with themselves (ie, their
previous achievements or breaking their own records) or with
other app users (Q48-049). A total of 5 studics suggest that the
reinforcing nature of social competitions might increase the
intention to engage with an app [37, 48 56,39.66]. The increased
engagement was anticipated when the competition is based on
support by receiving encouragement from others [39,67], rather
than on defeating cach  other, which might prompt
discouragement to wse the app (Q30) [67].

Several studies described that some participants felt that apps
can impersonate a little person [39.45.47 48.50.56], which
increased the intention to wse the app ((51-52) [45,48.50]. It
was also suggested that if the app is too impersonal, it would
not offer the social support the uwsers” need [47]. In contrast, in
2 smdics, the participants were concerned about having a
machine telling them what to do (Q33) [47.56].

Moreover, personal experience related to noncommunicable
disezases might increase the chances of the uptake of apps. One
study conducted on Latino and Asian subgroups in the United
States found that the odds of downloading a health app was
twice as high for those who had a family history of heart anack
(odds ratio 2.02, 93% C1 1.16-3.51), compared with those who
did not [41].

Automatic Motivation
Thearetical Dy ins Fi
Reinforcement s a process or action of encouraging a patiern
of behavior | Textbox 7). Users reported better engagement when
positive feedback was received (Q54) [37,39.45-48 51,3254 56,
FRAZ6T,72]. Visual feedback of progress made users aware of
their advancement in reaching their goal (35) [37.4546],
whereas auditory feedback was seen as encouraging during
physical activity (eg. running) [37.48]. For some, instant
feedback on their progress, even if it is of a positive nature, was
perccived to canse pressune and potential disappointment if they
were not able to reach their goal (56) [45,56].

Offering rewards [37.40,43 46,36-59,66,69.71,75] was found
to be a useful way to increase engagement. Participants
snggested including gamification elements in apps to enhance
engagement [3756,69.71,75]. Some users found intangible
rewards (eg. badges) motivating (Q57) [46,56,58,59.66,71],
whereas others would want to receive tangible rewards instead
{cg. free t-shirt, gift cards, cash, reduction in health insurance,
or vouchers provided by hospitals or doctor's office; Q38-059)
[40.56.58.64]. This has been partly supported by 2 quantitative
studics. In | study, having a health insurance was associated
with uptake of, but not with engagement with, health apps [42].
Another study found that when offering lovalty points,
engagement increased for at least three months [55].

rk: Reinfor
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Texthox 6. Mustrative quates (35.053) for factors mapped onto the social oppartunity subcomponent of the capability, opportunity, motivation,
behaviar model and coded under the thearetical domains framewark: social influences.

Uipake
Recommendations

®  Quoie 35 1'd rather ask a counselor or a dector what they would recommend.” [(1]
»  Quoie 36: “Most of mine [my apps] are friend recommendaizons, people with similar activities™ [ 56]

»  Chsote 37-~_if an app has & good rating, despite the one or two people wha are not satisfied, T think it would mean that it works for the majority
of people.” [ 58]
Empagement

Health practitioner support

w  Chsote 38: “It would kel in times of crisis to be able to be in touch with o professional. or if ] needed to ask health questions related to alcohalism™
[35]

s Quoie 39: 1 want to let others know when ['m pot well, the app would help me.” [69]

®  Quoie 40: “The therapisi helped me to find my mothation every now and then, and then [ was on top of it for abowt a week or so. and eventually
the application sort of became a pan of my everyday life. Then it was prebty obviows that | would use i and then | didn'i even think about whether
it was hand bo wee it 1 just did iL” [52]

Commumity networking

»  Cuote 41: “It is so Empontant to get in touch with people wha went throwgh the same thing as you have. [.] I think that if an app for cancer
survivors had & farum on it as a part of the applicatian to mativate each other, that would be amaring ™ [62]

»  Chsote 42: 1 don't think | would share an the social media, but within the spp commaunity 1 think it is important to like nspine and be motivated
by athers ™ [66]

®  Quoie 43; “So having some =ori of plaiform where everyone can just say, “This is how [ stopped” or “This is how [m trying to stop’ and then
‘other people giving feedback saymg. *This is good” or, *This is not”.” [72]

®  Quoie 44 “Being able io exchange feedback with stmngers with the same goal could be supportive but ook 1 as you will p
not knsrw the: other users” [59]

Embedded social media

»  Chsote 45: “Integrating it with the social media is definitely a great thing to do because they can abways fall back 1o Facebook., Twitter, ete. And
through this, people can get to share their experiences and keep an update and tell whatever experiences they may have ta share. So it's like
ongoing support” [40]

»  Chsote d6: “Yeah you can share on Facebook and stuff, but [ hate that. [ hate when apps syne o like every form of social media. I'm like really
weird about social media. so. no | don”t want io share 1" [48]

®  Quoie 47: “Don't want io share progress on social media im case you @il ™ [72]

Social competitson

®  Quoie 48 “Whenever we do a weekend challenge, you always have a ook at what the other person's doing and [their] competitive side. 1 jusi
want in beat the other people | see on there, so [using the app] & quite a good motivaioc” [37]

w  Chsote 49: VIt made me want bo exercise mare just, as like, kinda like, 8 competition 1o see how many calories because it tnkes your calories off
whenever you exercise so I'm like let's see how many | can get off this time™ [48]

»  Cuote 30 “Someone whose successfisl and guit smoking isn't any better than someone that's stnsggling with it Like, no, 1 didn't-] don't ke
that sspect.._it just makes someane feed bad ™ [67]

Impersanated app

®  Quoie 51: "1’ like a *liitle boss in my pocket’ .. that's sort of saying *you know you need io get owt and do this” " [45]

®  Quoie 52; “Tt's like your own liile motivator, in a way. And it definitely, it's like, ckay #t's like a litile person. but it doesn’ ialk. but it's like,
you shouldn 't eat that, or it"s like you should. So 1 don’t know i’s, [ ke it—I mean, | think @' cool. 11" like my owm little motnation.” [ 48]

®  Quoie 53: 71 don't wani an elecironic device telling me what to do” [56]
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Textbox 7. Mustrative quotes (Q34.050) for factors mapped oo automatic motivation subcomponents of the capability, oppartunity, motivation,
behavior model and coded under the theoretical domains frmewark: reinforcement and emotions.

Empagement
Feedhack

» (ot 54: ~1 liked how it gave notifications, like every day 've got s natification saying: You're on day four of your smoking quitting history.
You could do this, don'™ give up. Stay loyal and stuff like thet. That was quite imgressive.” [72]

»  Cheole 55: “The big green contimue at the bottom and when i moves on bo the next thing [ feel great, I've achieved something, I've flled something
i comrectly. | like that. And o pice litile poise which made me think, Of, I'm ot an idict.” [446]

®  Quoie 56: “The progress [ didn’t make— i shows [and thus is demodivating].” [346]
Rewards
s Quoie 57: “Eaming badges [was] important when | was doing it... We learned as a kid, to consider [it] as [an] accomplishneent.” [ 36]

»  Chsote 38: “Each time you try, you get the points. And if these paints can be convened to something else. Because you know, you're not really
working for the badge but if the virtual hadge can tem into something tangible. | would wamt tha™ [537]

»  Chsote 59: “Well, both of them are a kind of “well done fior doing this”, they're both a reward, they both make vou feel a bit better. But a badge,
it"s & ool fact, but it's not the same as having vouchers, where you can go and treat yourself to something you want” [55]

. . . . well-being smartphone apps (Q60). However, in 2 studies, both
Theoveticed I s Framework Ik : Ei . targeting alcohol consumption reduction, this factor was only
Emotions, based on previous expericnces and behavior, arc a8 gelevant for a specific user type: for those who were
complex. reaction by which people tend o respond 10 8 characterized as low-risk drinkers [38] and mascommtiners (ic,
personally important event or matter (Textbox 8). Curiosity  users who did not commit to engage with the app and, thus, did
[38,52.54.61] positively influences the uptake of health and  pot gain any benefit from in) of the app [54].

Texthaox 8. [bustrative guote (60 for factors mapped anto the i mastivation sube «af the capability, opportunity, mativation, behavior
msadel and coded under the theoretical domains framework: emotion.

Liptake
Curicsity

®  Quoie 60: "l was more like seeing an ad and just. okay | should try this — and then 1 found it an the internet and signed up. B was more like a
fun thing. We'll see if it works. Mare like that™ [52]

N P ehavior (Q62), whereas others were more reluctant to use this
Reflective Mutivation feature because of fears of not being able to achieve their set
Theoretical Domains Framework: Goals goal and to avoid disappointing themselves (Q63) [38]. In

Goals are outcomes that an individual would like to achieve to  2¢heral. the studies suggest that users were more determined to
change a in behavior (Tewbox 9). Goal setting engage in behavior change when lhc:'_l.r.‘rnd set goalsl[-Q-S] ab_d
[38,39,45.48.51_54,56,58,59,66,71 74] was related to sustained  Pehieved they had successfully achieved or could achieve their

with health and well-being apps (Q61). Some goals with the help of an app by increasing their lntcmmnlm
chose to set a goal, and mostly, this was only | goal at a time, e the aw.q.;];z :gj??;f menitoring the target behavier
s0 their focus would remain on | single aspect of change of the (Q64-065) [ - -59]-

Textbax 9. Mustrative quotes (Q61-065) for factors mapped codo the reflective motivation subcomponent of the capability, opportunity, motivation,
behaviar model and coded under the thearetical domains frmework: goals.

Empagement
Goal setting
»  Chsote 612 “T'm nod good at self-discipline and exercise, so mayhe this [goal setting in the app] can help me get to my goal” [56]

®  Quoie 62: "1 ondy set one goal becawse | was very keen to kind of remain focused on one thing. 1 didn’t wani bo come and get Jost in the app using
it Ifke a game. You know, | wanied to use i for one very specific thing... | think [ set #t to drink probably within guidelines.” [38]

®  Quoie 63: “Mo, it didn"i appeal - probably because | thowght if 1 put some goals in I'm probably not geang io stick io it. which probably makes
e sound a bt naughiy” [3%]

»  Quote §d: “If you set those managesble goaks, so you could achieve it, if you feel like you're achumnlly progressing, getting something, then you're
mare likely to go back ™ [58]

»  Chsote 65 7Tt would encourage me to apen the app on a daily basis™ [39]

i o g MO0 1 75T I Mol Inlermct Res N30 | vol 22 i 5 el 7572 p 14
XSL FO e e net o crimtion parpases)
.
RendarX

197



JOURNAL OF MEDICAL INTERNET RESEARCH

Theoretical Domains Fraomework Domain: Beliefs About
Consequences

This domain includes aspects related to outcome expectancics
(Textbox 10). Perceived wility of the app [37.46.52,59,61,74]

Szinay et al

refers wo where there is a discrepancy between what the users
are looking for and what an app acteally offers. It was suggested
that the unmet expectations of an app would lead to
disengagement and frustration with the app (Q66-068).

Texthas 0. [lustrative quotes (Q6-0068) for factars mapped onto the reflective motivation subcomponent of the capability, oppartunity, motivation,
behaviar mosdel and coded under the thearetical domains framewark: beliefs about comsequences.

Ergagement
Perceived wiility of the app

wasn't much else there for me” [46]

®  Quoic 66: “1 do have some apps | don't use often, mainky becawse they've kind of bored me in a way. Il jusi do an example: one finess app
shows you how 1o lose weight. but the way ii's describing i, it's not what I'm afier. 11's ane of those free apps | bough thai—I thoughi [the finess
app] would be great, but when you achsally wse it, it's not the same.” [37]

s Queate 67: “[ think thats where it let itself down for me. Once ['d played with it, once | tried the game, done the identity and whatnot, there

s Quate 68: “t [mindfulness app] didn't add anything_.I goess it didn’t detract, it didn't make anything worse, but it didn't sdd amything to my
armoury, | guess, my tool kit, as keeping myself sane, | suppose, it didn’t sdd ™ [61]

Orther Factors

There were a number of sociodermographic factors thar did not
fit clearly under the components of the COM-B model.
Sociodemographic Factors

Apps were more frequently downloaded by women than men,
with  the percentage ranging from 59% w0 T4%
[38.41.49.53 55,63], although 1 study found that being male
wias associated with uwsing an app to manage aloohol
comsumption [65]. Being younger than 44 years was sssoctated
with a  higher level of uptake and cngagement
[38.41.42.44 49,53 55 63 64] than older adulis. Living in an
urban area [42.44.55]; having a better education bevel, such as
having high school education or higher [41.42_44.64] and college
degree or higher [41,53]; and having a higher income [44] were
also associated with better engagement with health and
wiell-being appa.

Discussion

Principal Findings

This is the first systematic review to conduct a theoretical
amalysis using the COM-B mode] of factors influcncing the
uptake of and engagerment with health and well-being apps. The
findings from this review suggest that there are 26 key factors
across the constructs of capability, opportunity, and motivation
that influence the uptake of and engagement with these types
of apps, which were found to be important for a wide range of
populations and belaviors.

Our review replicates previous findings in the wider literature
on digital behavior change interventions. The core findings of
our review suggest that attention should be perlaps shifted
mainly to the support and guidance offered to new and existing
users of health and well-being apps. W found that support and
guidance of uptake can be targeted by increasing their awareness
of health apps through, for example, recommendations received
from health practitioners. In line with the findings of previous
reviews, help with initial engagement could be schicved by
improving the uwsers’ app literacy skills and by providing

binp o iz g IS 1 TETE

knowledge [14,17]. We present knowledge inoa novel way by
breaking it down to instructions on how 1o use it {ie. user
guidance), advice related to the target behavior or condition (e,
health information), and information on their progress or data
{ie, statistical information). This suggests that allowing acoess
o users o different information that serves different purposes
{cg. health benefits va progress data) would cnhance their
engagement through differemt channels, such as guidance,
support, and education.

Potentially, one of the most important factors for engagement
identified in this review is health practitioner support. In line
with the emerging evidence from the human-computer
interaction (HCI) literature, we found that an app coupled with
human support [14,17] was likely to be mose effective by
increasing the imtervention effectivencss and  engagement
[78.79]. Altemnatively, human support can be impersonated by
cinbedded  anificial intelligence (Al fearres. A recent
experimental stady found that a supportive Al-powered chatbot
doubled the engagement with a smoking cessation app and
increased is effectivencas [B0]. This suggests that embedded
human support or features that mimic human support might
lead to greater engagement with digital behavior change tools.

Behavior change techniques, widely reported by others
previously [14,17-19], were also identificd as important factors
0 sustain engagement, including sclf-monitoring, feedback,
goal sewing, reminders, rewards, and social support. However,
we found that not all of these have a positive effect. Reminders
and social support factors (embedded social media and social
competition) are not universally uwseful and might cause
disengagement of even harm by riggering negative emotions.
O plavsible explanation is that the participants of the studics
included may or may not have real-life expericnce with health
and well-being apps. Some of the included studics examined
pamicipants” perceptions about a hypothetical app or an app that
was planned to be developed. These studics relied on the
paticipants’ opinion of what they think would be important for
them in terms of uptake of and cngagement with health and
well-being apps, rather than sharing their lived experiences with
auch tools. For example, reminders were found useful in all the
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studies targeting a hypothetical app, as opposed to those that
were researching engagement with an app that kad been used
by the participants, where opinions about reminders were mixed,
with some users finding them anmoying. Another explanation
is that the importance of these factors might be dependent on
the target behavior For example, people using apps that target
mental health might not want to engage with social competition
features or to share their progress or experiences on social
media. This suggests that some of the identified factors in this
review might be belavior dependent.

Another interesting finding, not identified in previous literature,
is the safety netting characteristic of an app. This charscteristic
could promote long-term  engagement rather than short
goal-ofented engagement. The wser could disengage at any time
and reengage at a later stage when necded. This feature might
be particularly useful for addiction research targeting relapse
prevention strategies.

Mo factors were coded directly under 4 out of the 14 TDF
domains (optimism, social identity, belicfs about capabilities,
and intentions). However, 2 of these were highlighted in this
review. We deseribed how several factors eoded under different
domains affect intentions (eg. having adequate app literacy
skills or user guidance provided to the user), in a manner similar
to how emotions, other than euriosity, affect engagement with
an app {eg. lack of app litersey skills triggers negative emotions,
some found reminders annoying, or some fear of social
comparison related to sharing on social media). We also found
that aspects of the factor personalizaion fo negds also melude
social identity aspects. Some communities { LGBTOH and cancer
paticnts) prefer an app that is personalized to their social
wdentity. Although social dentity. in this case, was judged to
be a weak factor to list it independently. In terms of the other
two absent domains, factors under belicefs in their capabilitics
and optimism might be less relevant for uptake and engagement
with health apps. or the studies may have missed them out. or,
potentially, we failed to identify them from the included studies.

The imporance of promoting equality and embracing cultural
diversity has been partially wdentified previously [18]. Several
studies in this review reported that apps should be provided at
a low cost to users. 1t was suggested that multiculturalism should
be embraced, and regional languages should be added. The
concern of inequality for those who do not own a smartphone
wis also raised in this review [40]. An accompanying website
wis suggested as an altemative for homebess people who would
not have aceess to a smariphone but may have aceess to the
mternet through nonprofit erganizations, charities, or community
libraries.

Strengths and Limitations

One major strength of this paper s that it adbered to the best
practice processes for undertaking revicws by following the
PRISMA guidance and Cochrane handbook [27,29]. By
including all study designs, we were able to pool together and
triangulate evidence and provide a novel and powerful synthesis
of different study designs.

The use of theoretical frameworks is another strength. Other
theoretical models were considered for this review, including
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the technology acceptance model [81] and the HCI models and
theorics [82]. However, the COM-B and TDF present
advantages owing to their dynamic nature and by explaining
the influences between components as they were developed
from, and to represent, all theoretical components in belavior
change—related models and theories. COM-B was explicitly
developed to inform behavior change interventions through its
connection to the Behavior Change Wheel [83], a tool that
provides guidance on designing behavior change interventions.
The factors identificd under the components of the COM-B
modil allow casy wdentification of the intervention functions to
target increased uptake of and engagement with health and
well-being smartphone apps.

This review has several limitations. The review focused on 4
major behaviors related to prevention (smoking, aleohol
consumption, physical sctivity, and diet) and mental health and
well-being and could not capture other prevention type behaviors
{eg. fall prevention). Factors relating to the uptake and
engagement of apps focusing on other behaviors or conditions
may differ from those found in this review and warrant further
investigation.

Although we captured a wide range of populations, most of the
included studies were carried out in high-income countries.
Therefore, the findings might not be transferable to low- and
middle-income countries or to other cultures. The quality of the
studics was mixed. In some qualitative studies, the authors
provided interpretations of their findings without an explicit
quotation to support them. These interpretations were handled
with care and were often ignored when no further explanation
was provided about a concept. This might have led to losing
some potentially important factors, not identified otherwise.

Policy and Practice: Recommendations and
Implications

The findings of this review can inform app developers and
rescarchers on how to develop health and well-being smartphone
apps to better support behavior change and manage and monitor
different physical and mental health conditions in adults.

This review may also have implications for policies that target
prevention using digital technologies. Apps are an casy way to
provide health-promoting behaviors and may play an important
role in prevention strategies. For example, the UK government
heas recently published a Green Paper entitled Advancing our
hrenith: prevention in the 20205, which shifted their focos from
CHFE K prevention, committing to cncourage the population to
live a healthier life [84]. Additionally, the Long Term Plan
policy document of the NHS in the United Kingdom dedicates
an entire chapter to prevention programs and includes plans on
digitally delivered methods to improve access to information,
education, and intervention [35].

As part of prevention and health management strategies, the
WHS and partners have ereated a pool of health and well-being
apps for the individuals to sceess (WHS Apps Library). This
rescarch could help people access effective apps that people
will remsain engaged with, although the extent to which the
population is open to wse these portals for uptake is yet unknown
and something worth investigating in the future.
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A number of important themes are deseribed in the projects and
policy documents mentioned above. Some relate o digital
health, for example, with an aim to reduce health inequalities
[#4] or to improve population health with personalized content
and tailored lifestyle advice [85]. Our review suggests that app
literacy skills are important for uptake. Enhancing app literacy
skills for the elderly {cg. drop-in sessions in community seitings)
might be a feasible way to reduce health inequalities.
Furthermore, some of the engagement-related factors might
suggest the use of tilored lifestyle advice to address health
behaviors, for example, by receiving personalized content within
the app and web-based or offline help or advice from health

Szinay ot al

practitioners as well as receiving recommendations for use of
health apps from their health care professionals and gencral
practitiones practices.

Therefore, our findings could inform stakcholders i public
Teealth, policy makers, and providers of health and well-being
smariphone app portals to provide additional support for the
uptake of and engagement with these digital interventions. for
adulis.

Recommendations for stakeholders in public health, policy
makers, and health and well-being app developers derived from
the findings of this review can be found in Table 3.

Tuble 3. Recommendstions for stakeholders in public health, policy, industry, health care, and health and well-being app development.

Camponent
b consider

Policy makers'industryhealth care providers might want

App developers might want to consider

Capahility s Imgroving app literacy skills

s Increasing awareness of effective bealth and wellbe-
mg apps, by advertising oflme icg, general prciition: o
er practices) and web-hased (eg, social media)

Oppartumity *
support

s Providing recommendations for health and well-being =

apps by healih care professionals
s (Hfening apps for free or at a low cost

Providing web-based or offline health practitioner =

=  Promoting less cognitive load by enabling astomation-

tiom of data collection

Including wser guidance that can be deactivated once

the functionality of the app has been achieved (eg.

Tl bustton)

»  Inchsding content that targets education. health preven-
tiom, and health consequences relsted to the behaniar
that is targeted 1o change

»  Including siatigiical informaizan (eg, graphs, peroeni-
ages, and numbers) about the wser’s progress

= Inchuding well-designed reminders where the user can
choose the time and frequency of receiving it

»  Including the self-monitoring feature that enables
nsers o Create routines

»  Including a safery metnimg feature that allows users to
fall back on, even when the target bebaviar has been
achieved

Allowing the provisson of health professional suppornt

within the app

Allowing community networking within the app with

ather wers

=  Organizing competition and challenges for users io
apt in ta

»  Avoiding sutomatic synching with the embedded so-
il media (when applicable)

»  Persomification of the app, by designing buman-type
atribustes

=  Offering apps for free or at a kow cost

=  Offering personalmation of the app according io their

demographics and individual and culbural needs

Mativation .

Oifering tangible rewands, such as points that could
be used as a discount in pharmacies or at other healih-
and well-being- related domains or health insurance
providers

Providing a meaningful title and chear description of
what the app does and what can offer, and how can

Providing pesitive, nonjudgmental, constructive, and
informative feedback

Inchude gamification elements and offering rewards
Inchuding goal-setting features {when applicable)

Providing a fiad title and clear ptian of
what the app does and what can offer, and how can

heelp the user

help the user

Future Research

Although some of the factors identified and presented in the
Results section appear to have a positive influcnce on uptake
and cngagement, there are mixed findings that might benefit
from further investigation, such as reminders, embedded social
media, and social competition. In the stodies included in the
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review, descriptions of notification-type messages, such as
reminders, feedback, push notifications, and other notifications,
were used interchangeably, and it was not always clear which
notifications were being referred 1o, Consistent terminology
would help eliminate doubt around these concepts in the future.
lzswes around equality and diversity were highlighted in a fow
studies as somcthing future rescarch should address. Furnher
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work is also needed to aid our understanding of how to avoid
digital health widening inequalities through the exclsion of
individuals who face a financial barrier to owning a smartphone
or to purclasing an app, or who do not possess the skills to use
one.

Szinay et al

relevant to a wide range of populations and different behavioss.
These have clear implications for improving population health
and targeting  health inequalities. We provide a list of
recommendations built on the identified factors to guide app
developers, health app portal developers, and policy makers

when commissioning, developing, and optimizing health and
well-being smartphone apps. These can help address the ssues
of suboptimal uptake and engagement, which currently constrain
the public health benefit of apps.

Conclusions

This is the first systematic review to investigate factors that
influence the uptake of and engagement with health and
wiell-being smartphone apps. We identified 26 factors that are
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Appendix 4. Electronic search strategy applied in MEDLINE.

1. MeSH: health promotion, health behaviour, health education (/explode),
smoking cessation OR

((Behaviour adj2 change) OR (Behavior adj2 change) OR (behaviour adj2 change adj2
technique*) OR (behavior adj2 change adj2 technigue*) OR (behaviour change
strategy*) OR (behavior change strateg*) OR health behaviour OR health behavior
OR health education OR health promotion OR health prevent* OR BCT* OR
behaviour* intervention* OR behaviour* modification* OR (health adj2 campaign?*)
OR diet* OR nutrition* OR (healthy adj2 eating*) OR exercise* OR (physical adj2
activit*) OR (physical adj2 inactivit*) OR (alcohol adj2 misuse) OR drink* OR (smok*
adj2 cessation) OR (stop adj2 smok*)OR tobacco* OR mood OR depress* OR anxi*
OR wellbeing).ti,ab,kw.

2. MeSH: Mobile application (/explode) OR
(Smartphone* OR (mobile adj phone) (Smartphone* adj2 app*) OR (mobile adj2 app*)
OR mhealth OR (mobile adj2 technolog*) OR (mabile adj2 tablet*) OR (mobile adj2
health*)).ti,ab,kw.

3. (uptake* OR engage* OR use* OR adher* OR enrol* OR participat* OR
commitment OR connect* OR download* OR disconnect* OR discontinue* OR
abandon* OR disrupt* OR interrupt* OR quit* OR terminate OR disengage* OR
detach* OR withdraw* OR usage* OR pageview* OR screenview* OR login*
OR log-in*).ti,ab,kw.

4. 1 AND 2 AND 3
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Appendix 5. Characteristics of the studies included in the systematic

review.

Studies Location | Study aim App used Participants Methods or
(name if design and
applicable) analytic approach

Anderson Australia | To explore Nonspecific Adults in the general Semistructured

et al 2016 experiences of health apps population; N=22; female interviews;

health app users n=15; age groups: 18-25 thematic analysis
years, n=4; 26-35 years,
n=13; 46-55 years, n=2;
and =55 years, n=1

Attwood et | United To examine Alcohol Existing app users; Mixed methods

al 2017 Kingdom | patterns of app reduction N=119,713, (interview approach

usage over time | (Drinkaware) | participants N =21); female | (secondary data

and to explore (%): 59.3, (interview part: analysis of

app users’ views 12); age groups: 31%, 35- | Drinkaware

of the app 44 years database and
semistructured
interviews);
ANOVA?,
regression, t test,
framework
analysis

Baretta et Italy To examine Physical Adults in the general Longitudinal,

al. 2019 users’ need and | activity population; N=20; female single-arm design

preferences (Runtastik, (%): 45; mean age 39.8 with think-aloud
regarding their Edumondo, years (SD 7) methodology and
engagement Runkeeper) interview

with physical techniques;
activity apps thematic analysis

Baskerville | Canada To explore Smoking LGBTQ+ youth and adults; | Focus groups

et al 2016 LGBTQ+P cessation N focus groups=204; (n=24);

communities' female (%): 39, male (%) framework
perception of a 26.6, trans female (%): 3.7, | analysis

smoking

cessation app

trans male (%): 6.9, two
spirit (%): 4.1, queer (%):
14.7, 0.5% intersex (%):
0.5, 4.6% other (%): 4.6;
age groups: 8.8%, 16-18
years; 91.2%, 18-29 years
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Bender et United To examine Nonspecific Ethnic minorities in the Cross-sectional
al 2014 States factors health apps United States (Caucasians, | survey;
predicting Latinos, and Koreans); descriptives,
uptake with N=904; female (%): 64.3; regression
health apps mean age 44 years (SD
among ethnic 16.1)
minorities
Bhuyan et | United To explore the Nonspecific Adults in the general Secondary data
al 2016 States use of mHealth® | health apps population; N=3677; analysis of a
apps for health female (%): 51.7; age nationally
seeking groups: 30.8%, under 35 representative
behavior among years; 17.2%, 35-44 years; | sample (Health
US adults 18.9%, 45-54 years; Information
15.8%, 55-64 years; 17.4 National Trends
>65 years Survey—cycle 4);
descriptives,
regression
Bidargaddi | United To assess the Wellbeing Existing app users; Microrandomized
et al 2018 States effectiveness of | app (JOOL) N=1255; female (%): trial; regression
push 63.97; age groups:
notifications on 28.86%, < 30 years;
engagement 42.44%, 30-50 years;
28.70%, > 50 years
Carroll et United To describe Nonspecific Adults in the general Secondary data
al 2017 States sociodemograph | health apps population; N=3519; analysis of a
ic characteristics female (%): 51.62; age nationally
with health app groups: 65.62%, 18-44 representative
use, predictors years; 34.38%, > 45 years | sample (Health
of health app Information
use National Trends
Survey—cycle 4);
regression
Caseyetal | Ireland To explore Physical Adult patients in primary Semistructured
2014 patients views of | activity care; N=1255; female (%): interviews;
using a (SMART 75%; mean age 42 years framework
smartphone app | MOVE) (age range 17-62) analysis
to promote
physical activity
in primary care
Crane etal | United To understand Alcohol Adult excessive drinkers Think-aloud and
2017 Kingdom | the usability of reduction and users of the Drink Less | semistructured

the app

(Drink Less)

app; N=24; female (%): 50;
mean age (think-aloud) 42

interviews;

thematic analysis
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years; mean age

(interviews) 40 years

Gorton et New To explore a Weight Adults in the general Mixed methods
al 2011 Zealand potential weight | management | population; N=306 (focus approach (cross-
loss groups N=54); % female sectional survey
management (% survey): 77 (% focus and focus groups
intervention on group: 76); age groups [n=101);
smartphone (survey): 20%, 16-30 descriptives,
years; 51%, 31-50 years; thematic analysis
28%, =51 years; age
groups (focus group): 35%,
16-30 years; 50%, 31-50
years; 15%, =51 years
Gowin et al | United To describe the Weight College students; N=27; Semistructured
2015 States use of health management | female (%): 78; age interviews;
apps among and physical | groups: 70%, 18-20 years; | grounded theory
students activity 22%, 21-23 years; 8%, 24-
26 years
Guertler et | Australia | To examine the | Physical App users, N=1451; female | Secondary data
al 2015 engagement activity (%): 7 2.43; mean age 38.3 | analysis of the
with physical (10,000 years (SD 11.1) 10,000 Steps
activity steps) database;
promotion app ANOVA, chi-
and identify square,
sociodemograph regression
ic factors of
nonengagement
Laurie and | United To understand Mindfulness | Adults in the general Semistructured
Blandford Kingdom | users’ (Headspace) | population; N=16; % interviews;
2016 experiences with female (%): 68.75; mean grounded theory
mindfulness app age, 32.5 years (age range
25-38)
Lieffers et Canada To understand Weight Adults in the general Semistructured
al 2018 the experiences | management | population; N=24; % interviews;
of adults who female (%), 79; age content analysis
have used a groups: 63%, 18-30 years;
nutrition app 25%, 31-50 years; 13%,
previously 51-70 years
Ly etal Sweden To explore Depression Adults with major In-depth
2014 participants’ depression; N=12; female interviews;
views of a (%): 50; mean age 37.9 thematic analysis

years (age range 21-59)
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mental health

app

Mackert et | United To determine Fitness and Adults in the general Cross-sectional
al 2016 States the association weight population; N=4974; survey; Cross-
between health management | female (%): 57.74; mean tabulation
literacy and app age 43.5 years (SD=16.7) analysis,
engagement regression
Milward et | United To understand Alcohol Participants of a Semistructured
al 2018 Kingdom | why and how reduction randomized controlled trial; | interviews;
participants (BRANCH) N=20, female (%): 80; framework
engaged with mean age 24 years (SD=3) | analysis
the app, to
understand
facilitators and
barriers to
engagement
with the app, to
understand how
the app
impacted
drinking
behavior, and to
identify
typologies of
users
(engagement)
Mitchell et | Canada To evaluate Multipurpose | App users; N=57,885; % Process
al 2017 uptake with a health app female, 62.96%; age evaluation;
loyalty points— (Carrot groups: 2.4%, 13-17 years; | descriptives
based health Rewards) 20.65%, 18-24 years;
app and to 33.69%, 25-34 years;
describe 20.11%, 35-44 years;
sociodemograph 13.17%, 45-54 years;
ic characteristics 7.22%, 55-64 years; 2.74%
of the users >65 years
Peng et al United To better Nonspecific Adults in the general Focus groups
2016a States understand a health apps population; N=44; female (n=6) and

more diverse
pool of users’
perception of

health apps

(%): 65; mean age 37.2
years (SD 15.7)

interviews (n=5);

thematic analysis
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Peng et al United To explore the Nonspecific Adults with diabetes; N=18; | Focus groups
2016b States perception of health apps female (%): 72.2; mean (n=4); thematic
rural adults with age 54 years (SD 12.7) analysis
diabetes
regarding apps
to manage their
condition
Perski et al | United To explore Smoking Adults in the general Think-aloud and
2017 Kingdom | participants’ cessation population; N=20; % semistructured
choices of and alcohol female (%): 60; mean age interviews;
health apps and | reduction (SD), 29.7 (SD 9.2) years thematic analysis
to identify
important
features of
engagement
Perski etal | United To explore the Alcohol Adults in the general Mixed methods
2018 Kingdom | more important reduction population; N=132 (focus approach (Web-
features of group: n=9); female (%): based survey and
engagement 49.2 (focus group %: 77.8); | focus groups,
age groups (survey): n=3); interclass
10.6%, 18-24 years; correlation
24.2%, 25-34 years; coefficient,
34.1%, 35-44 years; thematic analysis
21.2%, 45-54 years; 6.8%,
55-64 years; 3%, 265
years; age groups (focus
group): 44.4%, 18-24
years; 33.3%, 25-34 years;
22.2%, 45-54 years
Peters et al | Australia | To explore Wellbeing Adult workers of male- Participatory
2018 participants’ dominated industry; N=60; | study: workshops
preferences of a female (%): 8%; Mean age | (n=6); thematic
mental health 47 years (age range 26-65) | analysis
app
Pung etal | Australia | To explore Depression Patients of primary care Semistructured
2018 mobile app use presenting depressive interviews;

among patients
with depressive

symptoms

symptoms; N=16; %
female (%): 58; age
groups: 19%, <25 years;
44%, 25-44 years; 38%,
45-65 years

thematic analysis
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Puszkiewit | United To assess Physical Adult cancer survivors; Mixed methods
zetal Kingdom | cancer activity N=11; female (%): 89; approach (1-arm
2016 survivors’ mean age 45 years pre-post design
attitudes toward (SD=9.4) and
a physical semistructured
activity app, to interviews);
understand how Wilcoxon sign
the app could be rank test;
adapted to their thematic analysis
needs, to
understand how
to increase their
physical activity
level using the
app
Serrano et | United To explore Weight loss App users; N=1,011,008 Secondary data
al 2017 States features of the app (Lose it!) analysis of a
app that cross-sectional
influence data;
engagement Classification and
and to describe Regresion Tree
the analysis,
characteristics descriptives,
of the users regression
Sharpe et United To determine Alcohol Adult population living with | Secondary data
al 2018 States factors reduction HIV; N=757; female (%): analysis of a
associated with 35; age groups: 18%, 18- cross-sectional
uptake of an 34 years; 20%, 35-44 survey data of a
alcohol years; 41%, 45-54 years; longitudinal
reduction app 21%, 255 years cohort study
among persons (Florida cohort
living with HIV study);
descriptives,
regression
Smahel et | Czech To reveal Fitness and Adults of the general Cross-sectional
al 2017 Republic | characteristics weight population; N=406; female | survey;
regarding use of | management | (%): 86.9; mean age 23.8 descriptives,
health apps years (SD=5.3) regression
Solbrig et United To explore Weight Adults of the general Focus groups
al 2016 Kingdom | experiences and | management | population; N=24; female (n=6); thematic
wishes (FIT) (%): 79.2; mean age 30 analysis

regarding weight
management

using apps

years (age range 19-70)
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Struik et al | Canada To understand Smoking App users; N=31; female Semistructured
2018 the interaction cessation (%): 42; mean age 24 interviews;
and experiences | (Crush the years (SD=2.72) framework
with the app Crave) analysis
Sun et al China To investigate Physical Adult patients with chronic | Cross-sectional
2017 the current activity disease; N=218; female survey;
usage, (%): 61; mean age 44.6 descriptives, chi-
willingness to years (age range 20-69) square
use, and
barriers to use a
physical activity
app
Switsers et | Belgium To examine the | Mental Adults with bipolar Focus groups
al 2018 needs of adults health disorder; N=16; female (n=7); thematic
with bipolar (%): 56.3; mean age 41.8 analysis
disorder years (age range 21-69)
regarding apps
Taki et al Australia | To examine how | Weight Female app users; N=18, Semistructured
2019 app management | mean age 30.9 years (age | interviews;
characteristics (GHY) range 21-38) thematic analysis
influence
engagement
Tang et al United To explore Weight Adults of the general Semistructured
2015 Kingdom | young adults’ management | population; N=19; female interviews;
experiences of (%): 47.37; age range 19- thematic analysis
using apps 33 years
Tudor- United To explore Smoking App users; N=15 (Quit Semistructured
Sfetea et al | Kingdom | individuals’ cessation Genius) and N=14 (NHS interviews;
2018 perceptions of (Quit Genius | Smokefree); female (%): thematic analysis
different and NHS® 13.3 (Quit Genius) and
smoking Smokefree) 14.3 (NHS Smokefree);
cessation apps mean age 25.07 years
(Quit Genius) and 24.21
years (Quit Genius)
Wang et al | China To explore app Pregnancy Pregnant women from Survey and focus
2018 engagement health apps secondary care; focus groups (n=4);
and to groups N=28, mean age descriptives,
understand 29.6 years (SD=3.1); logistic
people’s views survey N=535, mean age regression,

about app
containing
health

information

30.6 years (SD=3.6)

thematic analysis
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Webcredibl | United To understand Nonspecific Adults in the general Mixed methods
e Report, Kingdom | why people use | health apps population; N=300 (focus approach. (Web-
2016 health apps, group: n=12); female (%): based survey and
(unknown how they 42; age range 33-60 years | focus groups
authors) choose them, [n=2]); analysis
what factors used unreported
influences their
choice and
engagement
Woldarega | Norway To explore Nonspecific Adults of the general Semistructured
y et al motivational health apps population; N=16; female interviews;
2018 factors of user (%): 50; Age range 21-55 thematic analysis
engagement years
with health apps
Xie et al China To examine the Nonspecific Adults of the general Cross-sectional
2018 prevalence, health apps population; N=633; female | survey;
extent, and (%): 48.5; age groups: descriptives,
demographics of 24.6%, 18-29 years; 25%, regression
health app use 30-44 years; 24.6%, 45-59
years; 25%, =60 years
Zeng et al United To examine Smoking App users; N=98; female Secondary data
2015 States demographical, cessation (%): 53; mean age 41.5 analysis of the
psychological, (SmartQuit) years (SD=12) SmartQuit trial's
and behavioral data (intervention
predictors of the arm);
use of app descriptives,
regression

2ANOVA: analysis of variance.

PLGBTQ+: lesbian, gay, bisexual, transgender, queer, and other spectrum of sexuality and gender.

‘mHealth: mobile health.

4GH: Growing Healthy.

®NHS: National Health Service.
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Appendix 6. Critical appraisal of the studies included in the systematic

review.
1. Qualitative studies
First author  Year Q11 Q1.2 Q1.3 Q1.4 Q1.5.

Anderson 2016 Yes Yes Yes Yes Yes
Attwood* 2016 Yes Yes Yes Yes Yes
Baretta 2019 Yes Yes Yes Yes Yes
Baskerville 2016 Yes Yes Yes Yes Yes
Casey 2014 Yes Yes Yes Yes Can't tell
Crane 2017 Yes Yes Yes Yes Yes
Gorton* 2011 Yes Yes Can't tell No Yes
Gowin 2015 Yes Yes Yes Yes Yes
Laurie 2016 Yes Yes Yes Yes Yes
Lieffers 2018 Yes Yes Yes Can't tell Yes
Ly 2014 Yes Yes Yes Yes Yes
Milward 2018 Yes Yes Yes Yes Yes
Peng 2016a Yes Yes Yes Yes Yes
Peng 2016b Yes Yes Yes Yes Yes
Perski 2017 Yes Yes Yes Yes Yes
Perski* 2018 Yes Yes Yes Yes Yes
Peters 2018 Yes Yes Yes Can't tell Yes
Pung 2018 Yes Yes Yes Yes Yes
Puszkiewitz* 2016 Yes Yes Yes Yes Yes
Solbrig 2016 Yes Yes Yes Yes Yes
Struik 2018 Yes Yes Yes Yes Yes
Sun 2017

Switsers 2018 Yes Yes Yes Yes Yes
Taki* 2019 Yes Yes Yes Yes Yes
Tang 2015 Yes Yes Yes Yes Yes
Tudor-Sfetea 2018 Yes Yes Yes Yes Yes
Wang* 2018 Yes Yes Yes Yes Yes
Webcredible* 2016 Yes Yes Can'ttell Can'ttell Yes
Woldaregay 2018 Yes Yes Yes Can't tell Yes

Q 1.1. Is the qualitative approach appropriate to answer the research question?
Q 1.2. Are the qualitative data collection methods adequate to address the
research question?

Q 1.3. Are the findings adequately derived from the data?

Q 1.4. Is the interpretation of results sufficiently substantiated by data?

Q 1.5. Is there coherence between qualitative data sources, collection, analysis
and interpretation?
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2. Randomised controlled trials

First author  Year Q2.1 Q2.2 Q 2.3. Q24 Q 2.5.
Bidergaddi 2018 Yes Can't tell Yes Yes Yes
Q 2.1. Is randomization appropriately performed?

Q 2.2. Are the groups comparable at baseline?
Q 2.3. Are there complete outcome data?
Q 2.4. Are outcome assessors blinded to the intervention provided?
Q 2.5 Did the participants adhere to the assigned intervention?
3. Non-randomised studies

First author  Year Q3.1 Q3.2 Q 3.3. Q 3.4. Q 3.5.
Attwood* 2016 Yes Yes Yes Can't tell Yes
Bhuyan 2016 Yes No Yes Can'ttell Can'ttell
Carroll 2017 Yes Yes Yes Yes Yes
Guertler 2015 Yes Yes Yes Can't tell Yes
Puszkiewitz* 2016 Yes Yes Yes Yes Yes
Serrano 2017 Yes Yes Yes Yes Yes
Sharpe 2018 Can'ttell Yes Yes Can't tell Yes
Zeng 2015 Yes Yes Yes Yes Yes

Q 3.1. Are the participants representative of the target population?

Q 3.2. Are measurements appropriate regarding both the outcome and intervention

(or exposure)?
Q 3.3. Are there complete outcome data?
Q 3.4. Are the confounders accounted for in the design and analysis?

Q 3.5. During the study period, is the intervention administered (or exposure

occurred) as intended?

4. Quantitative descriptive studies

First author  Year Q4.1. Q4.2. Q4.3. Q4.4.
Bender 2014 Yes Yes Can't tell Yes
Gorton* 2011 Yes Can't tell Yes Can't tell
Mackert 2016 Can'ttell No Yes Yes
Mitchell 2017 Yes Yes Yes Yes
Perski* 2018 Yes Can't tell Yes Yes
Smabhel 2017 Can'ttell Can't tell Yes Can't tell
Sun 2017 Yes Yes Yes Yes
Taki* 2019 Yes Yes Yes Can't tell
Wang* 2018 Yes Yes Yes Yes
Webcredible* 2016 Yes Yes Yes Can't tell
Xie 2018 Can'ttell Yes Yes Yes

Q4.5.
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Can't tell
Yes
Can't tell
Yes

Q 4.1. Is the sampling strategy relevant to address the research question?

Q 4.2. Is the sample representative of the target population?
Q 4.3. Are the measurements appropriate?
Q 4.4. Is the risk of nonresponse bias low?

Q 4.5. Is the statistical analysis appropriate to answer the research question?

5. Mixed methods studies

First author  Year Q5.1. Q5.2 Q5.3. Q5.4.
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Attwood* 2016 Yes Yes Yes Yes Yes

Gorton* 2011 No Can't tell Can'ttell Can'ttell Can'tell
Perski* 2018 Yes Yes Yes Yes Yes
Puszkiewitz* 2016 Yes Yes Yes Yes Yes
Taki* 2019 Yes Yes Can'ttell Can'ttell Can'tell
Wang* 2018 Yes Yes Yes Yes Yes
Webcredible* 2016 No No Can'ttell Can'ttell Can'ttell

Q 5.1. Is there an adequate rationale for using a mixed methods design to address
the research question?

Q 5.2. Are the different components of the study effectively integrated to answer
the research question?

Q 5.3. Are the outputs of the integration of qualitative and quantitative components
adequately interpreted?

Q 5.4. Are divergences and inconsistencies between quantitative and qualitative
results adequately addressed?

Q 5.5. Do the different components of the study adhere to the quality criteria of
each tradition of the methods involved?

*mixed methods studies. Following the instruction of the MMAT guidance
the mixed-methods studies first were assessed on their qualitative and
guantitative components independently, and finally using the questions 5.1.
— 5.5. on their mixed-methods methodology.

Note: all studies answered ‘yes’ to the first two screening questions of the MMAT:
S.1. Are there clear research questions?
S.2. Do the collected data allow to address the research questions?
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Appendix 7. Publication of the think-aloud and interview study (uptake

findings)

TMIE. MHEALTH AND UHEALTH Szinay et al

Original Paper

Influences on the Uptake of Health and Well-being Apps and
Curated App Portals: Think-Aloud and Interview Study

Deorothy Szinay', MSe; Olga Perski®, PhD; Andy Jomes', PhD; Tim Chadborn®, PhD); Jamie Brown™, PhD; Felix
Maughton', PhD

TSchiool of Healfh Seiences, Umversity of Exst Anlia, Norwick, Unized Fingdom

*Deparment of Behavioura] Science and Health, Universiry College London. London, United Kinzdom

3Bebavioural Insizhts, Public Health Englnd, Londor, United Kinzdom

*SPECTRUM Consertium. London, United Emgdom

Corresponding Anthor:
Dorothy Szinay, MSc
School of Health Sciences
University of East Anglia
Morwich

United Kingdom

Phone: 44 1603503064
Email: d szinsvidues ac.uk

Abstract

Background: Health and well-being smartphons apps can provide a cost-effective solution to addressing unhealthy behaviors.
The selection of these apps tends to ocour in commercizl app stores, where thousands of health apps are available. Their uptske
is often influenced by populanty indicators. However, these indicators are not necessarily associated with app effectiveness or
evidence-based content. Alternative routes to app selection are mcreasingly available, such as via corated app portals, but little
iz known about people’s experiences of them.

Objective: The aim of this stdy is to explore how people select health apps on the internet and their views on curated app
portals.

Methods: A total of 18 UK-based adults were recruited through social media and asked during an in-person meeting to verbalize
their thoughts while searching for a health or well-being app on the internet on a platfonm of their choice. The search was then
repeated on 2 curated health app portals: the Narional Health Service 4pps Library and the Public Health England One Tou App
portal. This was followed by semistructared interviews. Data were anatyzed using framework analysis, informed by the Capability,
Oppormunity, Motivation-Behavior mode] and the Theoretical Domains Framework.

Eesolts:  Searching for health and well-being apps on the internet was described as a mingfield. App uptake appeared to be
influenced by participants* capabilities such as app literacy skills and health and spp awareness, and oppormnities including the
availability of apps, app esthedcs, the price of an app. and social influences. Motvaton factors that seemed two affect the uptake
were perceived competence, time efficiency, perceived wrility and accuracy of an app, Tansparency about data protection,
commitment and social identity, and & wide range of emotions. Social influences and the perceived utility of an app were highlishted
as particularly important Participants were not previously sware of curated portals but found the concept appealing. Curated
health app portals appeared to engender trust and alleviate data protection concems. Although apps listed on these were perceived
a5 more mistworthy, their presentation was considersd disappointing. This disappoinment seemed to stem from the foncdonality
of the portals, lack of user guidance, and lack of tailorad content to an individual's needs.

Conclusions: The uptake of health and well-being apps appears to be primarily affected by social inflnences and the perceived
utility of an app. App uptake via curated health app portals perceived as credible may mitigate concemns related to data protection
and sccuracy, bat their implementation must better meet nser needs and expactations.

(JMIR Mkealth Uhealth 2021 34):e27172) doi: 10219627173

EEYWORDS
behavior change; health apps; mHealth; smariphone app; framework analysis; Capability, Opportunity, Motivation-Behavior
medel; Theoretical Domains Framework; think aloud; mobile phone
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Introduction

Background

Noncommumicsble diseazes (eg, diabetes, heant dizease and
cancer as well a5 poor mental health) are considered key threats
to lobal health [1] and are driven by factors such as physical
inactivity, poor diet, tobacco smoking, and excessive alcohol
consumprion. A key global public health policy prority is to
enact policies to ensure that the best possible hezlth care is
available for all [2]. In the United Kingdom, zims of the MNational
Health Service (WHS) long-term plan [3] and priorities of UK
EovEmment execniive agencies such as Public Health England
(PHE) are to provide a smoke-free society, to encourage
healthier dists, and to improve mental health [4]. Encouraging
the nse of digital health interventions, such as smarphone apps,
may be a cost-effective way of contributing.

Health and well-being smarphons apps can be cost-effectve
solutions for changing health bebaviors [3,4]. Such tools can
act as ideal platforms to deliver behavier change interventions
[7] because of their availability, portability, and easy access [8].
Fesearch has demonsmrared early evidence of effecdvensss of
smartphone apps for smoking cessation [¥], healthy distary and
physical activity promotion [3,10-12], weight loss [3,13,14].
alcohol reduction among nondependent drinkers [15], and
mental health promotion [16]. In addition, health apps can reach
those resistant to seeking help in person (becanse of stgms) by
improving access to behavior change imterventions [17]
However, low uptake and poor engagement ower time
compromise the potential of health and well-being apps.

Uprake refers to the decision to select and install 2 health app
[18]. The search for and selection of health apps tend to take
place in commercizl app stores such as Google Play for Android
operating systems and the Apple App Store for i05 [10,19]
Thousands of health and well-being smarfphone apps are
availsble in the major app stores, a number that continues to
grow [7], and the uptake of apps from commercial app stores
tends to be inflnenced by indicators of popularity such as the
app’s rank order, ratings and reviews, and the total number of
downloads [19]. However, such popularity indicators are not
necessarily posidvely associated with the effectvensss of an
app [20] and may even be negatively related [21]. An associated
problem with spp uptake is that the vast majority of apps listed
in commercial stores lack evidence sbout their efficacy [22] or
effectivensss [23]. The need for quality marks in commercial
app stores [24] and regulaton of health apps and evidence for
their effactivensss has been raised [146]. Better transparency in
an app’s description to help people make an informed choice,

ity irshemih jraie org 2021 44271 T3
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RenderX
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including how the user’s dam are handled how the app was
developed, benefits explained in lay terms, and descriptions of
the app content, has been recommendad [25-27].

A barrier to the uptake of evidence-informed apps is that not
all apps are available to the public, or prominentdy displayed,
via commercial app stores [22,24]. Therefore, fewer people may
benefit from the hizh-quality tools available. Evidence-informed
apps tend to be promoted within commmuunity or health care
zettings (often targeting a specific geographic region or country)
or on curared health app pornals. These portals are websites that
present a list of selected health apps [28]. Health app portals
can be povernment funded, such as the UK NHS s dpps Library
or PHEs One Fou Apps pomtal or curated by private
organizadons, such as 4pp Soripr by IQVIA in the United States,
the United Kingdom, and the United Arab Emirates; the
MyHealthdpps by PatientView's in Enrope and the United
Eingdom; or QRCHA Health in the United Eingdom. These
organizations can lend credibility to and have the potental to
promate the uptake of selected health apps [29] by providing a
list of safe; evidence-informed; tested; and where possible,
clinically effactive health apps for the general pablic to choose
from.

Fesearch has focuzed on the identification of factors that
influence the uptake of health apps in commercial app stores.
There iz an urgent nead to explore whether the general public
wonld be willing to use curated health app portals, which could
improve the uptake of evidence-informed health and well-being
apps [18]. Despite this need, little is known sbout the views on
curated health app portals. This sdy aims to explone potentisl
users” views on factors influencing the uptake of health apps in
general and on curated health app portals in partcular using
think-zloud and interview methodology.

Theoretical Framework

The Capability, Oppormumity, Motivation-Bebavior (COM-B)
madel [30] offers a comprehensive framework for understanding
behaviors. In the context of this smdy, the behavior of interest
is the uptake of health and well-being apps. The model proposes
thar behavior arses becamse of the imteracton of three
components: capability (physical and psychological),
opportunity (physical and social), and motivation (automaric
and reflective). The Theoretical Domains Framework (TDF)
[31], which contains 14 domains that can be mapped onto the
components of the COM-B modsl, was also used. Together, the
COM-B model and the TDF allow for 3 detailed analysis of
data and identification of key factors mfluencing uptake in
general and on curated health spp portals i particalar (Fizure
1y[18]).
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Figure 1. Avizul representation
TDF: Theoretical Domains Framework.

COM-B

-

II'| Automatic

Aims

This gualitative study applied a theoretical framework informed
by the COM-B moda] and TDF to explore (1) factors influencing
potential users’ uptake of health and well-being smartphone
apps through searching on the internet and (2) their views on
available curated heslth spp portals.

Methods

Study Design

This study elicited views and preferences of a sample of
member: of the public. The Consolidated Criteria for Reporting
Crualitarive Pesearch checklist guided the desigzn of the smdy
[32] (checklist given im Mulfimedia Appendix 1). The
think-alond methodology [33] was applied to collect real-time
data about health app selecton on the intemnet and involved
asking participants to verbalize their thonghts and impressions
throughour the selection process. The ressarcher intervened
only when a prompt was considerad necessary (ez, during silent
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moments, asking questions such as “Whar are you thinking
now?"). Following the think-aloud tasks, follow-up questions
were asked to better understand the statements or utterances
made during the tazks. Finally, semistuctred interviews were
conducted. The think-alowd tasks and the topic guide were
informed by stakeholder consultation, which included views
and opinions of lay persons (patient and public invelvement
representatives) and expert opinions of policy makers of this
smdy. The study protocol was preregistered on the Open Science
Framework [34]. The Faculty of Medicine and Health Scisnces
Ethics Committes at the University of East Anglia approved
this study (reference number: 201819-08%). The collected data
are stored following the Ewropean Union General Data
Protection Fegulaton and the University of East Anglia
Pesearch Dat Management Policy. The data were snonymized,
and all personal identifiers were removed. All participants read
the participant information sheet and provided consent before
participating in the smdy.
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Participants and Reernitment

Participants were recruited thromzh paid advertisements on
Facebook. Adults in the general population were elizible if they
were 18 years or older; were sble to provide consent; owned a
smartphone; would consider using 3 smartphone app to change
their behavior in the fivtare; and wers shle to attend an interview
in Morwich, England where the work took place. As a standard
practice in qualitative research, the aim of this smudy i= to gain
a better understanding of the phenomenon of interest and to
increase the coverage of perspectives rather than to recruit a
populstion-representative sample [35]. Therefore, purposive
sampling was used to promote the diversity of the sample (e,
age, gender, ethnicity, educatonal level, and employment) [36].
This inchided targeted adverdsements on Facebook and the
selection of participants to ensure the diversity of the sample
A total of 114 individuals responded to the Facebook
advertisements and read a brief participant information shest
and complsted the screening gquesdomnzire. Of the 38
participants invited to an interview, 14 did not respond and 24
agread to participate. Of thesa 24 participants, & were canceled
for varions ressons.

Procedure

Before completing the online screening survey, parficipants
were asked to read @ bref participant information shest
describing the smdy. Afer reading and agresing to participate,
participants were asked to complete an online questionnaire to
assess their elipthility and to collect descriptive data (Multimedia
Appendiz ). Data were collected on age; gender; ethmicity,
mezsured nsing the Office for National Statistics” index; level
of education; employment stams; whether they had ever used
health or well-being apps; whether they currently use 3 health

Szimay et al

or well-being app; last time they had downleaded an app; and
frequency of app use. Participants who met the inclusion criteris
were sent an email with 8 comprehensive participant information
sheet and invited to participate in the interview. On the day of
the interview, the interviewses received a printed copy of the
participant information sheet, and written consent was obwmined

Face-to-face interviews were conduncted between Tuly and
Angmst 2019 and took place at the University of East Anglia
{p=17) or pamicipants” homes in Morwich (n=1). The interviews
were conducted by 2 single ferale researcher (D5), and no one
alse was present during the sessions. Each session started with
a think-alound exercise, with participants being instructed on
how to verbalize their thoughes. First, they were asked to
perform a search for an app they would potentially nse to change
the health behavior of their choice. They had a choice of nsing
either a smdy laptop or their smarphone. Second, the researcher
asked them if they were familiar with curated app portals. If
they were not, D5 briefly explained the principle and asked
them to repeat the search using the NHS 4ppr Library and the
PHE's Ome Tou Apps curated heslth spp portals (Figure 2)0
During the think-alond sessions, positive reinforcement nsing
verbal {2z, “You are doing great” and “Fight™) and nomverbal
({eg, nodding) commmnicaton was used to sncourage partcipants
to continne to express their views. In quiet moments, prompts
were nsed (eg, “What are yon thinking now?™ and “Tell me
what is on your mind™). Following the think-alomd task,
questions regarding their experisnce with the uptake of and
engagement with apps were azked (the topic guide is given in
Multimediz Appendiz 3). The sessions lasted betwesn 26 and
63 minntes. Participants received a US §27.50 (UK £20) gzift
woucher as compensation for their time.

Figure 2. Scresnshat of the Public Health Enzland's *One You Apps”portal and the “NHS Apps Library”.

OHE YOU | s | s | e | e | e |

B A

[ [—

ity irshemih jraie org 2021 44271 T3

-FO

RenderX

JWIR Wbzl th Ullealih 2021 | vl % | 4 | 27173 | 4
e smuniher ol for ciftanion purposed)

224



S

1".\3--

TMIE. MHEALTH AND UHEALTH

Data Analysis

The sessions were andio recorded and transcrbed verbatim by
an external company. The transcriptions were checked for
accuracy by the researcher undertaking the interviews. The data
were analyzed using framework analysis following the stages
of familiarzation, identification of thematic famework,
indexing, charting, mapping, and mterpratation [37]. To ensure
rigor, mustworthiness, and consistency, 3 percentage of randomly
selected manscripts (2/18,13%) were indspendently coded by
the second awthor (OF). The deductive thematc Samework
bazed on TDF was refined iterstively thromgh repeated
dizmssions with the second author (OF), and any discrepancies
were resolved through disoussion with the senior author (F17).
Indexing was completed by the first author (DS) using QSR
MWive 12, The data were charted, and the responses were
erouped according to the finalized thematic framework. During
mapping and interpretation, the grouped datz were examined
by D5 to idendfy patterns. During mapping, identified factors
were classified according to their organic position rather than
what they affect (ez, an oppormmnity factor may indirectly
influence the behavior by increasing the motivation for uptake
of a health app and influencing it directly) Te aid
comprehension of the findings for uptake in general and on
health app portals in particolar, data were analyzed and
presented separately for these 2 topics.

External Validiey

To enhance the credibility and tustworthiness of the results
[32]. 30% (§/18) of participants were randomly selected and
requested via email to provide feedback on a document with &
summary of the findings and conchizions (membar checking).
They were asked whether they recognized their opinions and
whether they apreed with the interpretation of the findings. 4
total of 2 participants responded to our request and confirmed
that their opinions had been caprured In one case, our email
was not delivered.

EReflexivity
The researcher: imvolved in this smdy are mixed methods

researchers with experience applying the COM-E model and
TDF to qualitative data. She disclosed her research interast to
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participants on the day of the interview, and mo previous
relationship was established betwesn her and participants. The
interviews were conducted by the lead suthor, 3 PhD candidate
who has undertaken extensive training in the collection and
amalysis of qualitative data. Participants were encouraged to
share their thoughts (both positive and negative) and to be
honest. The interviewer felt that good rapport was built with
the interviewees, and most participants (p=14) expressed their
intersst in leaming more about the findings of the ressarch
Field notes and a rezearch joumsl were kept during data
collection.

Results

Participant Characteristies

A total of 18 participants completed the interview. The average
age of participants was 43 (3D 14) years, 50% (p=0%) were
females, T8% (p=14) were of White British ethnicity, 72% (p=13)
were employed full time, 11% (p=2) had postgraduste
qualifications, 94% (p=17) had used health spps before, and
&1% (p=11) were using health spps at the time of the inferviews,
out of which 73% (p=8) reported daily health app use. Most
participants were interested in changing more than one behavior
{eg, losing weight, getting more active, and managing mood),
and only 16% (n=1) of participants expressed a desire to change
only one behavior Participants” characteristics are presented
in Multimedia Appendix 4.

A total of 2 participants were satisfied with the app they were
already using and did not wish to take part in the think-alond
exercise t0 look for a different app. The remaining 16
participants searched for apps targeting physical activity (p=49),
weight management (p=4), mood and mental well-being (p=3),
smoking cessation (p=1), alcohol reduction (p=1), and sleep
(=1).

The findings pertaining to factors relevant for both the uptske
of health apps and views on curated health app porals are
presented under the components of the COM-B modsl. Higher
order themes and subthemes informed by the COM-B model
and TDF are reported in Table 1.
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Tahle 1. Factars infliencing uptake of health apps in peneral and on health app portals mapped onto the components of the Capability, Opportunity,
Motivation-Bebavior model and Theorefical Domains Framework constracts.

COM-B* companent and TOFY  Uptakiz in general

constnact and identified factor

TUptake on health app partals

Phrvsical capability
Sldlls
App literacy .
Prychological capability
Enowledze

Health awarensss -

App awarensss -

User gusdance

Health mfommation

Technological compstency _=e

Genemal health consciousness or having famity
members diaznosed with a condition or disease or
concerns regarding a behaviar or health ouscoms

Enowledee of the existence of health and well-being
apps

Memory, attention, and decision processes

Copnitive kad

Physical opportumity
Environmental resources
Avadlability -

Parial tailored to indi-

viduals” nesds

Cost of an app -

Esthetics .
Social influences

Sacial influences -

Beliefs about capabilities
Perceived conpetencs »
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The ability touse a smartphene anytime. amywhere
Aymilability of an app on all major commercial app
STOrES

Low cost and apps that are free for nsers -

The look and design of an app .

The impartance of reviews and abnes o the com- «
mﬁﬂw@wﬁﬂwmmﬂ& ‘editor’s .
]
Identified credible sources: apps developed or en- »
dorsed by trusted app developers, ersanizations, ar
unfversities of promoted by respected celsbrities (2g.
atiltes)
Pecommendations recetved from health practitoners
o from friends and famity

Apps prefemred over face-to-face intervention when —
the user fzels that they can enpaze with the app an
their own

226

Enowlzdee of the exstence of health and well-being
apps listed on health app portals

Instmctsons en how to effectmely use a health app
peartal

Educational information redated i health and well-
being

The manner in which apps are presented on the portal
The complexity of the search or to access a rzlevant
bealth app

Persomalized listnz of apps targeting age., pendar,
and bealth condition

Laow cost and apps that are fTee for usars

User-friendly and design-related characteristics of
the portl

Health app portals percerved as credible soumces
Fecommendations of health app partals nesded
mainly in primary care

(Clamity abomt the recommended apps on bealth app
partals
Explanations about any required (2 refamal
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COM-B* componentand TOF?  Uptake in general

consmact and identifi=d factor
Beliefs about consequences
Time efficiency .
The perceived ufility
aof the app

Perceved accumcy .

Dt prosection .

The abillity of a health app to be interacted witha
‘iminmim amens of fme

Discrepancies betwesn what users are looking for

and whar the app offers, characrerized by a relevant
title, description. pictures, adaptation to indsvidual
chamacteristics, and nsers’ previous experience with
‘health apps

The perceived effectivensss of apps before the selec-
tion of an app

Concems regarding the handling of personal data

Intenfions
‘Conmitment »  Thelevel of commiment when deciding to download
a health app
Social identity
Social identity »  Identity related fo app use (==, mends and gendar
et
Antomatic motivation
Emntions
Positve »  Trizpered by ooriosity in trying a health app, and by
the time efficisncy characteristic of an app as op-
posed to face-to-face inferventions, and being pro-
wided by a edible seurce
HNegative »  Triggered by lack of availabilicy on all major app
stares
»  Prefered over a face-to-face intervention if feslme
ety (22, caused by an unhealthy behavior or un-
‘healthy state) and pressmized (o succeed or show
PrOgTess)
Mimed +  Trigered by the esthetics (desizn) of the apps and

by adaptatien to indfidnal characteristics (judzed
Ty the title, description. pictures, and pendsr speci-
Aciry)

Uptake on health app portals

and what the app listed on healrh app portal offers,
chamcrerized by a relevant title, descnipdon. and
pictures

Potendal app users” perceived efectivensss of apps
listed an health app partals

Concems over the handling of personal data

Identity related to app use (g, feeling ke a “pa-
fient™)

Trigpered by cariesity in choosmg a behavior chanzs
ool from a curated health app pertal and fom a
credible source

Triggered by lack of search feammres on the portal or
when the search vields imelevant resules; when an
app requires GP refarmal without firther explanation
or when an app is only aailable in one major app
store

Triggered by the esthetics and fanres of the poral
and the perceived wtility of the apps

ACOM-B: Capability, Opportunity, Motwation-Behavior
“TDF: Theer=tical Deomains Framewark.

“Not avadable.
4G general practitioner.

s
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Factors Influencing the Uptake of Health and
Well-being Apps

Half of the participants who agreed to search for a health app
{n=8) nsed Goozle Search as their first choice to find a suitable
app, whereas the other half opened 8 commercial app store. The
larter search among hundreds of available apps was described
by most participants as difficult or 8 “minefield” (F2, P4, and
P&). One participant described this task as being “far more
complicated than I thought it wonld be™ (P2). By the end of
thiz exercize, only 3 partcipants found an app that they were
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willing to download and engage with furher to change their
behavior.

Capability Factors Related to the Uprake of Health and
Well-being Apps in General

Participants who presented a higher level of techmological
competency were able to better navigate on their phones, thus
highlishting that app literacy skills are necessary when salecting
a health app. Ome participant, who had never used a health app
before, showed signs of technical difficulties (ie, lack of skills)
during the think-alond ewercise while searching for an alcohel
reduction app in a commercizl app store:
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Twouldn't now hew to do thar [refining the zearch

to find a suitable app]. [P12]
In addition, 2 participants expressed their concem toward the
older generation and stated that training should be provided for
those with nsufficient technolozical and app hteracy skills:

Ay mamy ir diabetic and {f there was an app to halp

her with her diabetes, then I'm sure the would be

happy fo use it But it's just someone would need to

explain it to her [P18]
All participants expressed their decision to look for an app for
health ressons, such as getting healthier or preventing illness.
This included rezsons of being diagnosed, or having a family
member diagnosed, with a medical condition (eg, diabetes and
high blood pressure) or concerns of the negative effecta oument
behavior may have (eg, smoking and alcohol consumpton) to
better manage or improve their mental health (og, anxiety and
sglf-confidence) and general well-being (eg, sleep qualiny):

I'm oying to avoid having npe 2 diabetes, or gering

if, so there s a background, my mother, in my family,

there s @ heart conditions background, which iz why

I'm really wanting to do something about my health.

[F3]
Althongh mest participants were aware of the existence of some
apps, 3 pamicipants were swprised by the existence of health
apps for smoking cessation and mental health issmes:

It didn 't cross my mind thart I could use an app for

stopping smoking, so it is new. [P14]
Opporiunity Factors Relared to the Uptake af Health
and Well-being Apps in General
Some participants expressed their preference to look for a health
app as & digital behavior change intervention instead of a
face-to-face interventon because of the svailability and low
cost of an app. However, concemns around widening inequalites
were raised by one participant who showed sizns of worry sbout
the limited access to digital aids for individuals living in
deprived areas:

So [f they [people Iving in deprived areaz] do not
have the smart phone, thay won 't be able to use if, s0
it's not going to work, is it Ir's what happened with
the Universal Credlit, o it 5 not going to work. I mean
irzue everyone @ smart phone. [P16]
A fewy participants highlishted the importance of the svailability
of health apps in both major commercial app stores (Apple App
Store and Google Play), not just one or the other.

Most participants stated that apps should be available st no cost.
Only § participants expressed their willingness to pay a small
fee for an app if for example, itwould be “almost life-changing™
(P4) or if it wonld include online profeszional support.

The specific desizn and color scheme preferred by participants
appeared to be unigue and dependent on the individnal’s taste.
However, the majority were looking for a simple looking app.

Social influences appeared to be one of the core factors that
shaped the sslection of spps for all participants during the
think-alond exercise. This includes ratings and reviews of the
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app, the credibility of the source of the app, and
recommendations of apps received from others. Within app
stores, most participants described looking at the star ratings
and the number of downleads of each app and whether the apps
were listed as an ediror’s choice. A total of 3 parficipants
acknowledged that reviews were subjectve, and they snll
reported feeling influenced by the ratings of the app. In addition,
2 participants reported that they were skeptical of the reviews,
which they believed may have been paid for, and that reviews
are not enough, 35 more information is necessary to make an
informed choice:

Tou kmow, o youme hmang to make all these

Jndgements about peaple s raviews and then you maw

decp down that the reviews might be paid for and,

you know, its o bit of a mingfleld which is why T

would enly take a free sample and then see it works

Jfor ma. [P]
A credible source was also important. Apps developed or
recommended by trusted organizations or respected celebrities
seemed more appealing to all pamicipants. Participants who
wzed Google Search to find an app aimed to look for websites
they were familiar with or had wsed before or for websites that
would post “Top 10 apps for " type of articles. In addition,
word of mouth was another source of social influenca:

I ree rwo different speciaiisez, T have a lung problem

az well and I see a lung specialist at @ hospital near

me and she said fo me, the bast thing that I could do,

which was dewnloading the Couch ro 5k app. [P14]

Mouvarional Faciors Related to the Uptake of Health
and Well-being Apps in General

Health or well-being apps were prefermed over face-to-face
options because participants reported feeling competent by
changing their behavior through the wse of an app, requiring
less tme commiment and avoiding the anxiety and pressure of
interacting with others. Time appesred to be a particularly
valuable resource for all participants, and they believed apps to
herve this advantage.

Another core factor in the selection of an app was the way usars
perceived its wility. This was based on 2 aspects. First, they
appeared to judze how the app is adapted to the individual by
reading the title and description of the app and by looking at
picmres (ie, screenshots). A total of 12 participants reported the
need for sufficient information sbout =n app to make an
informed choice:

Twould deffnitely judge more from the pictures more
tham amything and I think thar fuss nowadays everyone
doas, iz you gat an idea of the app from the pictures.
i_..b I mean I think when you see an older person on
 piciure and you re a ot younger, it makes you think,
Imean ir's the wrang think to think bur it makes you
think maybe itz not for me. [PT)
Second, it seemed that 12 pamicipants relied on their past
experiences with health apps. Whether those experiences wers
positive or negative may have shaped their beliefs about health
apps in general:
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So thar's why My Fimezs Pal iz the first app that Ive

aver had that's actually werked. [P9]
In addition, 7 pamicipants expressad ckeptcism about the
accuracy and effectivensss of some apps (eg, mental health
apps), and concerns sbout data protection were mixed:

Theze mindfll ones, I've never downloaded one and

I'm seepiical. [P17]
Participants mentioned that commitment to the behavior change
would influsnce uptake and firurs engagement:

So I think the committed ones seek ont the ones thar

are the right ones for them, the best omes, rather than

necessarily the mendy enes. [P4]
Participants’ social identities also shaped their selections. Mamy
reported that they did not wizh to select apps that promoted
groups they did not seem to £t in with (eg, athletic body image
or individuals of the hipster subculture):

They ve gor @ End of hipstar bloke and now they v
gota kEnd of sexy female image with tanoos down her
arm, sexy, mendy, female image. Okay, so they are
obviously aming at younger, sort af peaple m their
rwanties and thirties, yeak, another saxy female mage.
Tt's quite inferesting izn tit, I'm looking at the images
and not the words and gerting a sense, iz this for me,
middle aged, well older woman?! [Pf]
Curiosiry, defined here as a desire to leam something, was the
only stand-alone positive emotion and appeared to positvely
influence the uptake of health apps for many participants:

I thought out of curiesity I'd have a look, so I just
ped m guit smoking in Goagle play store and there s
hundreds af apps from varieus peaple with varying
degrees of credibility, and thay all were pretty similar
o be honest. [P13]
Apps linked to a credible source were important, with people
unimpressed when an app was not available on all major app
STOTEE.

Views on Curated Health App Portals

Mone of the participants spontaneously nsed a curated portal
Curated porals were then introduced to the participants, tur
none were previously aware of them. Curated health app portals
were appealing to all participants, and they belisved the portals
wonld be likely to engender trust However, searching for a
health app on the NHS Apps Library and the One Youn App
portzl was a generally disappointing experisnce. Omly 2
participants chose a health app from a hezlth app portal (One
You Apps), whereas the rest of the participants decided to
continue the search in commercial app stores.

Capability Factors Related to the Uptake of Health and
Well-being Apps on Health Porrals
All participants had heard of widely advertised apps (eg, Couch
to 5k), but none were aware of the existence of curated health
app portals before participating in this stody:

I think they me brilliant fapps on health app pertals];

I dicin 't kmow they exisred. [P11]

Bt imhenith jraie crg 200146271 T2

‘FO

RenderX

Szimay et al

Navigatdng on the NHS Apps Library sesmed easy for some.
However, a few participants mentioned that a nser suide or help
section would be a uwseful added festure of the portal Two
participants reported that they did not find it easy to use the
filter feamres, and in many cases, they felt the search yielded
irrelevant results (eg, while searching for a physical actvity
app, the results slso Lsted apps for mental health) A few
participants reported that navigating on curated app portals was
difficult, characterized as “cumbersome” (P4, P12}

Itz mot clear, it’s suggests thar they are independent

apps but maybe they shonld hmee some puidelimes

abour design, you know, of their sort of landing pages.

[P4]

Oppertunity Factors Related to Uptake of Health and
Well-being Apps en Health Porials

All participants indicated that they would want a portal tailored
to their needs, with categories related to their gender, age group,
and medical conditions they may hawve:

So somerhing Iike thar, thiz iz suitable {fyou re over

a3, this would be more suitable for you [fyou re under

A0 or with these ones that you don 't have to go and

ze¢ your GE that you cam pay for. if vou have amy

concarms, visit your GP or speak o a health

professional because some people don't have that

common sense. [P14]
Participants had different opinions about the layout of these
portals. Some liked the WHS Apps Library design better, with
simple colors, whereas others enjoyed the more colorful One
You App poral. Most participants felt that 2 fusion between
these 2 designs (the searchability and filters of the WHS Apps
Library and the look and presemtation of the One You App
portal) and a better fimctionality wonld create the ideal curated
health app portal:

Wiy thay are nor combined” [PE]

Althongh many participants expressed their wish to access apps
for free, a few participants were more open to pay for an app
that was listed on & curated health app portal:

Thiz s fabulous, and I'd be much more inclined to
pay mongy. Thiz is really, really good. [P6]
Participants fomnd the WHS and PHE trustworthy and believed
that theze porzls would provide safe and effectve digital aids.
Some indicared a desire to receive Sarther recommendations for
using these portals from their primary care physicians:
JfGPs knew that they cowld say “well this could help
you" I'm sure that they would recommand it fo people.
[F11]
However, they also wanted two avoid puting unnecessary
pressure on general practitionsr (GF) practices:
Tou've gor “free but requires GP rqferral ' and whan
you 'me thinkmg the NHS iz under so much financial
smrain and pressure ar the moment, why do I need a
GP referral to obrain an app? [P2]
In addition, the One You App pomal lists 2 few apps that are
recommended, tut participants expressed their confusion and
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lack of clanity regarding why some apps are recommended and
by whom.

Moavarion Faciors Related to Upiake af Health and
Well-being Apps on Health Portals

While searching on curated heslth app portals, none of the
participants expressed signs of concern about data protection
and accuracy of apps, although 2 partcipants reported that they
would want to read more about how these apps were developed
and nestad:

How long it takes, how many sessions and the flact

thar it's been rested in clinical mials and evaluared

by NICE which, to ma, iz probably guite an important

thing. [P1]
Socizl identity was also important Some participants had
identified themselves as individuals living with a medical
condition. These participants were keen to look for an app that
targets the behavioral change of individnals with preexisting
medical conditions. Others stated that they do not wish to fesl
“like a padent™ (PT) and sesmed reluctant to continue the search
on a curated health app portal:

So it would be nice to have one specific for maybe
peaple with medical problems or age-related
probiems, erc. [P15]

Discussion

Principal Findings

Omline searches for health and well-being apps were found to
be difficult. Factors influencing the uptake of health apps wers
mapped using the COM-BE model and TDF. We found that social
influences and participants’ beliefs sbont consequences (the
perceived utility of the app) are key factors imfluencing the
uptake of health apps. This conchision was based om the
frequency and salience of the themes thar occwrred during the
interview. Curated health portals were found to be appealing
despite the lack of awareness of their existence. However, the
way apps are currently presented on these portals did not mest
users’ needs becanse of a lack of cermin feamres, such as lack
of tailoring to the user’s requirements.

In line with previous research, the findings revealed the
importance of the capability and opportunity factors, such as
app literacy skills; health awareness and app awareness; esthetics
of an app; low cost of an app; reading reviews and checking
ratings; credible sources; and recommendations of apps fSom
others, including Thealth professiomals [18,22.39.40]
Interestingly, the perception of the cost of an app appearsd to
be related to the perceived wtility and credibility of the source.
Although at the start, some participants were against paying for
apps, the more nseful an app was perceived, the more inclined
participants falt to pay a fee. This phenomenon was observed
for apps listed on health app portals, which were considered a
credible source. More impormntly, unlike apps listed on
commercizl app stores, there was implied trust in apps listed
on curated health app portals by participants. In addition, some
health apps are not available for downloading im both
commercial app stores. Participants found it dizappointing that
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some apps were anly svailable for iPhone users. This is in line
with previous research that found that out of 18 imvestigated
health apps, only one-third were available to download on both
major commercial app stores [28].

In terms of motivational factors, we found that perceived nfility
inchuded aspects related to individuals’ perceptions about the
presentation of an app and their previons experiences with health
apps. Together, these chaped the way participants judged the
usefulness of an app. This characterization underlines the need
expressed by others previonsly for a better way to present health
apps through a description that would lead to an informed choice
{eg, the content of the app) [25-27] and potendally positively
affect other motivational factors, such as the accuracy of an app
and data protection [41]. Notsbly, concern about data protection
and the accuracy of a health app was minimal when participants
navigated on health spp portals as opposed to commercial app
ETOTEE.

There iz a need to understand what desizn aspects generate
positive or negative emotions and for whom. Emotions are
powerful drivers of a behavior, which affects decision making
{eg, app uptake) [42]. A key smotion identified in this smdy
directly influencing the uptske was ounesity. However, this
stody emphasized the importance of positive emotions M ggered
by, for example, the credible source of an app and negative
emotions miggered by restriction of information (eg, lack of
understanding of the necessity of GP refemmal to downlead an
app). Taking these factors into considerstion may lead to better
uptake with such woals.

Uptake and engagement are connected Engagement without
uptake is not possible, and uptake without tsking into
consideration the factors that are important for engagement is
impractical. Some factors might influence both uptake and
engagement; for example, our research suggests that the
perceived utility of an app is one of the main factors for uptake.
However, a previons smdy found that perceived utility was a
predictor of engagement with an alcohol reduction app [43].
Therefors, where possible, uptake and engagement should be
considerad together as 2 linked constructs.

Strengths and Limitations

The main strength of thiz smdy liss in its methodelogy. Given
that the aim of this smdy is to explors uptake with health apps
and by applying @ user-centered approsch, the think-aloud
methodelogy was the appropriate technigque to nse [33 44] as it
will minimize recall bias. Invelving staksholders—patient and
public enzagement representatives and policy makers—in the
desizm of the research enhances scientific mgor The purposive
sampling technigue adopted enabled the recruitment of & wide
range of participants that inchuded the same number of females
and males and having different levels of education and
employment stams, and the sample overrepressnted ethnicity
relative to local rates. The use of the COM-B and TDF to guide
the datas analysis is another strength of this study.

This study had several limitatons. First, asking paricipants to
perform the think-aloud task under obsarvation may not be fully
analogons to how they would perform a search when on their
own. Second, some identified factors were difficult to define
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and describe because of the lack of specificity of the description
provided by participants. These include esthetics of apps, offten.
described vagnely (mice and elegans) and the cognitive load
associated with engagement with these (easy re nrg). Third, for
a qualitstive ressarch study exploring such a broad topic, we
felt that information safuration was reached; howewver, it is
possible thar additional participants with more vanded
characteristics would have allowed us to identify additional
concepts. Finally, during external walidstion, a randomly
selected subsample of participants was asked via emall to
provide feedback on the summary of the findings. A total of
50% (3/6) of participants did not reply, and it iz unclear whether
these participants iznored our request or did not agree with the
interpretation of the results.

Implications for Rezearch, Policy, and Practice

This study has important implications for stakeholders in public
health and policy makers who target prevention and health
promotion nsing dizital technologies and governmental bodies
:and tmsted health organizations that provide curated health app
portals. Low awarensss, low app literacy skills, lack of
availability on all major app stores, and lack of recommendation
in primary care were identified as factors limiting the uptake of
health spps in zeneral and on ourated app portals. These factors
are important for improving the uptake of health apps. Selection.
was described as difficult. Therefore, there is a need for public
puidance on how to identify evidence-based tools [18,22] and
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for health practitioners to promote and advise their patients on
how to select appropriate health and well-being apps [40].
Faising awareness of such tools through both online and offline
promotion channsls might provide bemer access to effective
apps.

Cnur findings could also help developers to reconsider the ways
in which apps are currently presented on commercizal app stores
and app pomals, which might, in fum, increaze the uptake of
evidence-informed health apps. The idea of selecting an app
from a health app portal was appealing to all participants,
althongh individuals’ needs were not mer These findings
describe essential barriers and facilitators related to participants’
capability, oppormunity, and motivation to take up health and
well-being apps. For example, app descriptions snd presentations
that beter alizn with individuals’ needs may increase the uptake
of heslth apps on health app pomals. Thess findings can also be
uzad to inform the development of interventons thar specifically
aim to promote the uptske of and enpagement with
evidence-informed health and well-being apps, a prionty within
the WHS long-temm plan (ie, digial first). By targeting the
identified psychological influences on app uptake thromzh
further interventional work, organizations that provide app
portals (g, the NHS and PHE) should be able to increase their
impact by helping people to better select appropriate apps. A
summary of the recommendations for policy makers, providers,
and developers is presented in Textbox 1.
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Textbox 1. Recommendations for policy makers, industry, health care providers, and app developers based en the Capability, Opportumity,
Maotrvation-Bebavior mode] for a better uptake of health and well-being apps.

«  Improve app Litemacy skills, with 2 focus on older and marginalized pop:

ulations, and continue warking toward reducing the digital divide ez,

through the use of an cumreach approach o target older, mizrant, and bomeless populadons)
»  Inoease awareness of effective healih apps and cumated health app partals through promotion enline and offfine m primary care, mass media,

and public spaces.

« Provide suidance on how to use 2 health app pormal (=, throush incorpomting an extensive help section) and addidonal physical and mental

health-related evidence based papers.

»  Promote raduced cognitve koad on curated health app portals (==, through the use of images and short app descriptions)).

Opperturtty

»  Ensure evidence-mformed apps are available for fiee or at a low cost to everyons.

«  Make apps available on all major app stores sinmitansously.

»  (Offer the pessibility to tailor the health app portal to target certain demographics (=2, apps for physical actvity for women aged &0 years ar

mors).

»  (Offer apps ar low cost and provide explanation for those that raquire refsmal: and justficadens for te cost of paid apps on curated health app
portals.

«  Collaborats with interaction design expens and end wsers to enhance the esthetics of health app pomals.
»  Promate evidence-informed apps via trusted arpanizations and provide information en how the apps were developed and tested.
»  Encourape bealth professionals and practittoners of prometion of evidence-informed health apps and health app partals.

Mativation

»  Provide relevant and realistic tifles and avoid general app desoiptions. Descriptsons should be shart bat st contaim details of what the app

affers and how it &5 able to belp the nser

»  Provide pichmes of the app (g, scoreenshots) and avoid pictures that promote an unrealistic body image.
»  Provide information about the accuracy and effectivensss of the app (=, details about development and developers) and bow wsers” data are

handled.

»  Take into account users” emetions about certain featmes by constantly invelving the users in the development of health apps.

Future Rezearch

Fumure ressarch is needed to minimize factors limiting uptake,
such as low swareness, low app literacy skills, and a lack of
recommendations in primary care. Owur results snggest that thera
is a nead to better tailor the design and content of health app
portals o better meet individuals’ needs. However, the mixed
views on specific app desizms indicate that more research iz
neaded to imvestizate whether there are general design principles
that are missed and could be followed to accommeodate the
majority of people or whether better tailoring and'or adaptive
interventions should be considered instead. Famre research may
also want to consider comparing curated health spp portals
developed by private organizations with those developed by
sovemmental bodies to imestizate whether portal design-—related
feamres are considered less or more important than credibility
and must in spps listed on them  Experimental ressarch is needed
to assess whether there is a trade-off between credibility, social
inflnences, and perceived wtility of the apps presented on curated
health app porals. Furthermore, with & growing concern around

widening inequalities [45], solutions should be focused on
reducing the digital divide and health inequalities that may
appear as @ result of the financial conswaint of owning a
smartphone and lack of sufficient app literacy skills.
Concluzions

Among the factors mapped under capability, oppormmity, and
metivation components of the COM-B model, social influsnces
and the perceived ntility of an app appear to be the core factors
influencing uptake in meneral and on curated health app portals.
Curated app portals are considered mustworthy and serve as a
credible source for apps; however, there is dissppoinment with
their current implementation of these pomals. Uptake of health
and well-being apps on health spp portals, as opposed to uptake
in general, appears to help address people’s concerns regarding
«data protection and the accuracy of apps. Health organizations
that develop app portals may consider targeting the factors
identified across the COM-B and TDF as part of addiional
experimentsl work, as this could help to incresse impact through
berter selection of appropriate health apps.
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Appendix 8. Consolidated criteria for reporting qualitative studies
(COREQ): 32-item checklist

view or focus group?

No. Item Guide questions/description Reported on
Page #

Domain 1: Research team

and reflexivity

Personal Characteristics

1. Inter viewer/facilitator Which author/s conducted the inter Pg. 5

2. Credentials

What were the researcher’s
credentials? E.g. PhD, MD

Pg. 1 (title page,
list of authors), Pg.
6

participate or dropped out?
Reasons?

3. Occupation What was their occupation at the Pg. 16
time of the study?
4. Gender Was the researcher male or female? | Pg. 5
5. Experience and training What experience or training did the Pg. 6
researcher have?
Relationship with
participants
6. Relationship established | Was a relationship established prior
to study commencement?
7. Participant knowledge of | What did the participants know about | Pg. 6
the interviewer the researcher? e.g. personal goals,
reasons for doing the research
8. Interviewer What characteristics were reported Pg. 6
characteristics about the inter viewer/facilitator? e.g.
Bias, assumptions, reasons and
interests in the research topic
Domain 2: study design
Theoretical framework
9. Methodological What methodological orientation was | Pg. 5
orientation and Theory stated to underpin the study? e.g.
grounded theory, discourse analysis,
ethnography, phenomenology,
content analysis
Participant selection
10. Sampling How were participants selected? e.g. | Pg. 5
purposive, convenience,
consecutive, snowball
11. Method of approach How were patrticipants approached? | Pg.5
e.g. face-to-face, telephone, mail,
email
12. Sample size How many participants were in the Pg. 5
study?
13. Non-participation How many people refused to Pg. 5

Setting

237




14. Setting of data Where was the data collected? e.g. Pg.5
collection home, clinic, workplace
15. Presence of non- Was anyone else present besides Pg.5

participants

the participants and researchers?

16. Description of sample

What are the important

Pg. 7; Multimedia

characteristics of the sample? e.g. appendix 1
demographic data, date

Data collection

17. Interview guide Were questions, prompts, guides Multimedia
provided by the authors? Was it pilot | appendix 4
tested?

18. Repeat interviews Were repeat inter views carried out? | N/A
If yes, how many?

19. Audio/visual recording Did the research use audio or visual | Pg. 6
recording to collect the data?

20. Field notes Were field notes made during and/or | Pg. 7
after the inter view or focus group?

21. Duration What was the duration of the inter Pg. 6
views or focus group?

22. Data saturation Was data saturation discussed? Pg. 15

23. Transcripts returned Were transcripts returned to Pg. 6
participants for comment and/or
correction?

Domain 3: analysis and

findings

Data analysis

24. Number of data coders | How many data coders coded the Pg. 6
data?

25. Description of the Did authors provide a description of | Table 2.

coding tree the coding tree?

26. Derivation of themes Were themes identified in advance Pg. 6
or derived from the data?

27. Software What software, if applicable, was Pg. 6
used to manage the data?

28. Participant checking Did participants provide feedback on | Pg. 6
the findings?

Reporting

29. Quotations presented Were participant quotations Pg. 10-13
presented to illustrate the
themes/findings? Was each
quotation identified? e.g. participant
number

30. Data and findings Was there consistency between the | Pg. 8 -13

consistent data presented and the findings?

31. Clarity of major themes | Were major themes clearly Table 1.
presented in the findings?

32. Clarity of minor themes | Is there a description of diverse Table 1.

cases or discussion of minor
themes?
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Appendix 9. Ethical approval of the think-aloud and interview study

EA

University of East Anglia

Faculty of Medicine and Health Sciences Research Ethics Committee

Dorothy Szinay Research & Innovation Services
HSC Floor 1, The Reglstry
University of East Anglia

Morwich Research Park
Meorwich, NR4 TTJ

Emai: fmh.ethicefuea. ac uk

Web: wwnw uca ac.ukirescarchandenierprise

27 March 2019

Dear Dorothy

Project Title: A qualitative study exploring people’s perception of factors influencing the
uptake and use of health and wellbeing smartphone apps.

Reference: 201819 - 089

Thank you for your response to the recommendations from the FMH Ethics Committee to your
proposal. | have considered your amendments and can now confirm that your proposal has been
approved.

Please can you ensure that any further amendments to either the protocol or documents submitted are
notified to us in advance, and also that any adverse events which occur during your project are
reported to the Committee.

Approval by the FMH Research Committee should not be taken as evidence that your study is

compliant with GDPR and the Data Protection Act 2018. If you need guidance on how to make your
study GDPR compliant, please contact your institution’s Data Protection Officer.

Please can you also arrange to send us a report once your project is completed.

Yours sincerely

Professor M J Wilkinson
Chair, FMH Research Ethics Committee
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interview study

Appendix 10. Screening questionnaire for the think-aloud and

Question Response Options
How old are you? Enter free text
Are you able to travel to Norwich for the (1) Yes
interview? (2) No
Do you own a smartphone with Internet access
and capable of running apps? (1) Yes
(2) No

Which of the following best describes you?

(2) 1 would like to stop smoking

(2) 1 would like to drink less or stop drinking

(3) 1 would like to lose weight to get healthier

(4) I would like to do more physical activity

(5) | sometimes feel down or depressed, and | would
like to feel better

(6) | sometimes have anxiety, and | would like to feel
better

(7) I would like to improve my mood

(8) Other: [Enter Free Text]

(7) None of these describes me

Have you used a health or wellbeing smartphone
app to help you become healthier or to feel
better?

(Examples of health or wellbeing smartphone
apps: apps that can help you quit smoking, drink
less, being more active, losing weight, become
less depressed, become less anxious, improve
your mood)

(1) Yes
(2) No

If yes, what was the name of the health or
wellbeing smartphone app(s) that you have
used?

Enter free text

Are you currently using a smartphone app to
help you become healthier or to feel better?

(1) Yes
(2) No

If yes, what was the name of the health or
wellbeing smartphone app that you are currently
using (if different from [earlier question]?

Enter free text

Would you consider using a smartphone app in
the future to help you become healthier or to feel
better?

(1) Yes
(2) No

Baseline questionnaire

Question

Response Options

What is your gender?

(1) Female
(2) Male
(3) Other [free text]

What is the highest level of education you have
completed?

(1) Primary School

(2) GCSEs or equivalent

(3) A level or equivalent

(4) University undergraduate programme
(5) University post-graduate programme
(6) Doctoral degree

What is your employment status?

(1) Employed full-time
(2) Employed part time

240




(3) Self-employed full-time

(4) Self-employed part-time

(5) Unemployed

(6) Unemployed and on state benefits
(7) Unemployed - still in education

What is your ethnic group?

(1) English/Welsh/Scottish/Northern Irish/British
(2) Irish

(3) Gypsy or Irish Traveller

(4) Any other White background

(5) White and Black Caribbean

(6) White and Black African

(7) White and Asian

(8) Any other Mixed/Multiple ethnic background
(9) Indian

(10) Pakistani

(11) Bangladeshi

(12) Chinese

(13) Any other Asian background

(14) African

(15) Caribbean

(16) Any other Black/African/Caribbean
background

(17) Arab

(18) Any other ethnic group

When was the last time you downloaded an app, if
ever?

(1) Today or yesterday

(2) In the last week

(3) In the last month

(4) In the last 3 months

(5) In the last 6 months

(6) More than 6 months ago

How frequently do you use the apps on your (1) Daily
smartphone, if at all? (2) Weekly
(3) Monthly
(4) Never
Have your friends or family recommended any (1) Yes
smartphone health or wellbeing app for you to use? (2) No
Have you recommended any smartphone health or (1) Yes
wellbeing app to your friends or family? (2) No

How do you use your smartphone?

(1) Check your e-mail

(2) For social media (e.g. Facebook, Twitter,
Instagram, etc.)

(4) Navigate using Google Maps or similar tools
(5) Read the news

(6) Research things to purchase

(7) Download and play games

(8) Download and use health/wellbeing apps
(9) Other [free text]

241




Appendix 11. Participant information sheet for the think-aloud and

interview study

Participant information sheet (interviews)

Title of the study: A qualitative study exploring people’s perception of factors
influencing the uptake and use of health and wellbeing smartphone apps.

Researchers involved: Dorottya Szinay, Dr Felix Naughton, Professor Andy Jones, Dr Tim
Chadborn, Dr Jamie Brown

Before you decide we would like you to understand why the research is being done and
what it would involve for you. This Participant Information Statement will give you more
information about the research. Knowing what is involved will help you decide if you want
to take part in the study. Please take time to read it carefully and ask questions you may
have and about anything that you don’t understand.

Purpose of the study

You are invited to take part in a research study that aims to better understand how people
choose and use health and wellbeing smartphone applications. The findings will help to
develop more effective digital intervention that supports health behaviour and lifestyle
change.

Why have | been invited?

This study is open to adults who would like to be healthier and feel better. You have been
invited to participate as you expressed interest in doing so.

Do | have to take part?
Being in this study is completely voluntary and you do not have to take part.

If you do decide to take part, you will be required to give consent.

What if | change my mind?

If you decide to take part in the study and then change your mind later, you are free to
withdraw at any time (during or after the interview) and without giving a reason and
without your legal rights being affected. Your information will be removed from our records
and will not be included in any results, up to the point we have analysed and published the
results.

What will the study involve for me?

Your participation will involve an interview with Dorothy Szinay in a quiet room at
University of East Anglia or somewhere that you choose. The interview will take place at a

242



time that is convenient to you and should last about 60 minutes. The discussion will be
audio recorded.

You will be asked questions regarding choice and use of health and wellbeing smartphone
apps and your experiences with them. You might be shown websites with different
smartphone apps and be asked what you think of them.

Are there any risks or costs associated with being in the study?

Aside from giving up your time, we do not expect that there will be any risks associated
with taking part in this study.

Are there any benefits associated with being in the study?

We cannot promise the study will help you, but the findings may help to provide better
digital support in the future for people who want to get better and healthier.

What will | receive as a compensation for my time?

You will receive £20 worth voucher as a thank you for taking part.

What will happen to information about me that is collected during the study?

We will follow ethical and legal practice, and all information about you will be handled in
confidence. Therefore, your information will be kept strictly confidential, will be looked at
and stored by authorised persons on a password protected database at the University of
East Anglia. To safeguard your rights, we will use the minimum personally-identifiable
information possible and the data will be anonymised. Your personal data will be
destroyed at the end of the project and the research data will be kept for 10 years and
then disposed of securely.

If you are concerned about how your personal data is being processed, or if you would
like to contact us about your rights, please contact University of East Anglia in the first
instance at dataprotection@uea.ac.uk.

What if | would like further information about the study?

When you have read this information, Dorottya Szinay will be available to discuss it with
you further and answer any questions you may have. If you would like to know more at
any stage during the study, please feel free to contact Dorottya Szinay on
d.szinay@uea.ac.uk

Will I be told the results of the study?
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If you would like to know the results of the study, it can be emailed to you using the email
address provided.

What will happen with the result of the study?

The results of the study may be presented to other researchers, at conferences and through
publication in scientific and medical journals. No nhames will be used in the results and
individuals will not be identifiable in any written reports or presentations. It is also intended
that the findings will be used to design new techniques that support digital health and
wellbeing behaviour change.

Who is carrying out the study?

This study is a postgraduate student research study which is jointly funded by Public
Health England and University of East Anglia. The lead researcher of this study is the
postgraduate researcher Dorottya Szinay.

Who has reviewed the study?

This research has been reviewed and approved under the regulations of the University of
East Anglia’s Faculty of Medicine and Health Sciences Research Ethics Committee.

Who can | contact about the study?

If you have quires or there is a concern about any aspect of this study, you should contact
Dorothy Szinay, who is the lead researcher and will do her best to answer your questions:

Dorottya Szinay

School of Health Sciences

University of East Anglia

Norwich research park, NORWICH NR4 7TJ
Room 1.27, Edith Cavell Building

d.szinay@uea.ac.uk

If you would like to speak to someone else, you can contact the primary supervisor of the
project:

Dr Felix Naughton

School of Health Sciences

University of East Anglia

Norwich research park, NORWICH NR4 7TJ
Room 1.12, Edith Cavell Building

f.naughton@uea.ac.uk
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+44 (0)1603 59 3459

If you are concerned about the way this study is being conducted or you wish to make a
complaint to someone independent from the study, please contact the Head of the School
of Health Science:

Professor Rosalynd Jowett

School of Health Sciences

University of East Anglia

Norwich research park, NORWICH NR4 7TJ
Room 0.01, Queens Building
r.jowett@uea.ac.uk

+44 (0)1603 59 3940

Thank you for reading this information sheet and for considering taking part in this
research study. Please click next to proceed to the consent form if you wish to take
part.
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PARTICIPANT CONSENT FORM
ParticipantID: ........................

Title of Project: A qualitative study exploring people’s perception of factors influencing the
uptake and use of health and wellbeing smartphone apps.

Name of Researcher: Dorothy Szinay, Postgraduate researcher, University of East Anglia

(d.szinay@uea.ac.uk)

The study has been approved by the Faculty of Medicine and Health Sciences Research Ethics
Committee at University of East Anglia [Project ID-R205853H5C]

Thank you for your interest in taking part in this research. Before you agree to take part,
please ensure you understand the project (through the participant information sheet) and ask
any questions you may have. If you wish to take part, then please make sure you are happy
with the statements below [n_order 1o join the study.

Please
initial box
1. | have read the information sheet (version 1 — dated 06.02.2019) for the above study. | have

been giving the opportunity ask questions and discuss the study.

2. | understand that my participation is voluntary and that | am free to withdraw at any time

without giving any reason and without my legal rights being affected.

3. lunderstand that | may stop the interview at any time if | do not wish to continue, and that
| may refuse to answer any questions | don’t wish to answer.

4. | understand that the information collected about me will be anonymised and used to support
other research in the future. | also understand that the results of this study may be published,
and that publications will not contain my name or any identifiable information about me.

5. | understand that personal information about me that is collected over the course of this
project will be stored securely and will only be used for purposes that | have agreed to.

6. | agree to be audiotaped during the interview.

7. | consent to take part in the above study.

Name of Participant Date Signature

Doraothy Szinay

Name of Person Date Signature
taking consent
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Appendix 13. Topic guide for the think-aloud and interview study

Think aloud exercise:

‘In the questionnaire you have mentioned that you would like to [change a behaviour]. Imagine that you are
now looking for an app for that. Imagine that you are at home and have decided to use an app for that. Please
look for an app. You can use your own phone or this laptop if you wish. [Waiting to see where the
participant would look for the app. Use of prompts to think-aloud.]’

1 would like to show you a different app pool on this laptop. Please repeat the first exercise but this time use
this portal to find an app.’

‘You have mentioned that [...]. Can you elaborate on that? *
‘How did it feel to search for an app on this portal, instead of [where they have searched for the first time]?

Why?’

Follow up questions:
‘You have mentioned that [...]. Can you elaborate on that?*

‘In your view, is there anything missing from this portal? *

Further questions:
‘How do you think other people select an app?’
‘Why would anyone choose to use an app to change their behaviour?’

‘You have mentioned in the questionnaire that you have used/are using [name of the app]. How did you find
that app?’

‘Why have you used it?” OR ‘What makes you to continue using it?’

OR ‘Why have you stopped using it?” AND ‘Is there anything that would have made you continue to have used
it?’

‘If it would be your decision, what would you do to promote the use of health apps?’

‘I would like to show you a few cards. Imagine that we are going to improve the app portal. Out of these cards,
which one would you implement and why?’

(Cards with: ‘Short and simple description of the app listed on the portal’;’ Long and detailed description of the
app listed on the portal’; ‘It is possible to set up and manage your own goals on the portal and perhaps target
more than one behaviour’; ‘Portal where you can filter what features the app has’; ‘Check in features’). *

Additional/final question

Is there anything else you wish to add or anything we haven’t covered, and you feel it would important to
share?

*The card sorting task was relevant for the development of web-based interventions and was not included in
the reporting of the qualitative research.
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Appendix 14. Publication of the discrete choice experiment

methodology

FOU'R_NAL OF MEDICAL INTERNET RESEARCH Szimay et al
Tutorial
Understanding Uptake of Digital Health Products: Methodology

Tutorial for a Discrete Choice Experiment Using the Bayesian
Efficient Design

Dorothy Szinay', MSc; Rory Cameron™, PhD); Felix Naughton', PhD; Jennifer & Whitty™, PED; Jamie Brown®”,
PhD; Andy Jones’, PED

"Behavioural and Implemenmtion Scisnce Group, School of Health Sciences, University of East Anglia, Norwich, United Kinzdom

Norwich Medical School, University of East Anglia, Norwich, United Finzdem

*National Institute for Health Research, Applied Ressanch Collabaration East of Enzland, Cambridze, United Kinzsdom

Department of Behavioural Science and Health, Universiy Collsge London. Lendon, Tnited Kingdom

ISPECTRUM Conserdum: Londen., Unéted Kingdom

Corresponding Anthor:

Dorothy Szinay, MSc

Behavioural and Implementation Science Group
School of Health Sciences

University of East Anglia

Morwich Research Park Earlham Foad
Morwich, NR4 TTT

United Kingdom

Phone: 44 1603503064

Email: d szinsvidues ac.uk

Abstract

Understanding the preferences of potential users of digital health products is beneficial for digital health policy and planning.
Stated preference methods could help elicit individuals’ preferences in the abssnce of observational dara. A discrete choice
experiment (DCE) is a commonly used stated preference method—a quantitative methodology that arpues that individnals make
trade-offs when engaping in a decision by choosing an alternative of a product or a service that offers the greatest utlity, or
benefit. This methodology is widely used in health economics in simatdons in which revesled preferences are difficult to collect
but is much less nsad in the fSeld of digital health. This paper outlines the stages imrolved in developing a DCE. As a caze stdy,
it uses the application of a DCE to reveal preferences in targeting the uptake of smoking cessation apps. It describes the
establishment of atiributes, the construction of choice tasks of 2 or more alternatives, and the development of the exparimental
desizn. This tutorial offers a guide for researchers with no prior knowledgze of this research technique.

(7 Med Inferner Res 2021;23(18):e32363) doi: 10219632365

EEYWORDS

dizcrete choice experiment; stated preference methods; mHealth: digital health: quantitative methodology; uptake; engagement;
methodology; preference; Bayesian; desizn; mtorial; qualitative; user preference

= providers to present their products in such 2 way that may
Introduction increase their uptake. However, pragmatic challenges, such as
Understanding how the public values different aspects of digital examtining how ezch pnhenﬁa]_.ly modiﬁahle aspect of a d.lg;ml
health tools, such as smoking cessation or physical activity apps, heslth product (eg, presentation, design and festures that it
can help providers of the tools to identfy functionality tharjs  OL0ers) OF intervention design will fmpact prefersnce or the
important to users, which may improve uptake (ie, selection, choice of uptake, often mean this is not feasible or pracrical [2).
download, and installation of apps) [1]. This is important Therefore, increasing atention is being paid toward stated
because uptake of digital tools is generslly low. More I’FEFME methods mundemmn:d pﬂ!fE.lE]KES when a_iesjgp.l:ng
information regardimg the preferences of users when selecting digital health products and services, with examples including
a digital health tool, for example via an app store, may allow
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COVID-tracing apps [3,4], sun protection apps to prevent skin
cancer [5], and the uptake of health apps in general [§].

Stated preference methods are survey-based methods aiming to
elicit individuals® preferences toward a specific behavior,
particularly those that are not well understood. The most widaly
used type of stated preference method is the discrete choice
experiment (DCE) [7]. According to Spinks et al [8], Lomviers
and Hensher (1982) and Louviere and Woodworth (1983)
oniginally developed DCEs to smdy the marketing and
economics of transport, and the fields of psychology and
economics have profoundly infloenced the DCE methodology
zince it was developed In recent years, DCEs have been
increasingly used in health and health care ssttings [9,10], as
well 2z in addiction research [11] and digital health [4-6]. The
increasing mumber of DCEs in digital health highlights their
potential, although they are corrently undemsed.

Discrete choice differentiates from other stared preference
methods in the way that responses are elicited [12]. The DCE
uses 3 survey-based experimental desizm, where participants
are presented with a seres of hypothetical scenarios. In these
sCenarios, participants are shown simations, known as choice
tasks. Arempting to mimic real-world decision making, in each
choice task, participants then have to choose a product or a
sarvice fiom two or more options, known as alfernaries [13].
Each alternative consists of a set of charactenistics, known as
amribures, with at least two types, known as arribute levals
[13]. Participants are azked to choose a prefermred alternative in
each choice task, which allows researchers to guantify the
relative strength of preferences for improvements in certain
attributes [3,14].

The outputs from statisdcal models developed using DCE data
can be beneficial for estimating uptake of new products or
sarvices, incloding digital health tools, where observational data
are not available or are difficult to obtain otherwise [135,16].
Lack of observadonsl data often implies 3 requirement to seek
scientific views and comments from experts in order o generate
predictions of a target behavior [17]. However, DCEs can
provide an empirical alternative to expert opinions, while
accounting for possible interactions between atmibutes (eg,
design of a product and brand name), which are otherwise often
igmored [18].

In our research we wanted to understand how to present health
apps on curated health app portals to incresss theiruptake. This
paper describes the development of a DCE in digital health that
aims to elicit potential user preferences on smoking cessation
app uptzke. It explains how the attributes and their levels are
selected and describes the construction of choice tasks and the
experimental desizn. The smdy protocol of the ressarch this
paper is based on is registered on the Open Science Framework
[19].

Development of a DCE
The development of a DCE should follew published

recommendations, including the checklist for good research
practices [9], guides on the development of a DCE [13,20],
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recommendations on how to constuct the experimental desizn
[7.20-23], and which statistical methods can be used [24].
Eztablizhing Attributes

An important step in designing 3 DCE is the identification of
the relevant atributes for the subject mamer. Armibutes in a
DCE can be quantitstive, such as cost, or qualitative, such as
the desizn of @ product [25]. The identification of attmbutes is
typically based on primary and secondary data collection to
ensure that the DCE is tailored to the smdy semng [13]. It should
ideally commence with a literatore review that will inform
qualitative research to identify relevant attmibutes [26]. Althongh
there is no set limit on the number of anributes that can be
inchuded in a DCE, to ensure that the cognitive load of the
participants is manageable, it should be less than 10 [13], with
a general expectation to inclade 5-7 atiributes [27].

Our DCE was based on 3 comprehensive systematic review
imvestigating factors imfluencing the uptake and engagement
with health and well-being smarphone apps [28] and a
qualitative research component that consisted of a think-aloud
and interview study to examine further the previously identified
factors or anributes [28]. The importance of gualitative research
lies in ensuring inclusion of anributes that are relsvant to most
participants [25]. Of the 14 factors nitially identified as being
relevant for the uptzke of health and well-being apps, 5 were
retzined and included in the DCE: the monthly price of the app,
who developed the zpp, the star ratngs of the app, the
descriprion of the app, and images shown These factors were
chosen due to their perceived importance during our previous
qualitative research and for pragmatic reasons, including how
eazily measurable and presentable they were within the DCE.
An important step in designing a DCE is in ensuring the content
validity of the instrument: the identification of relevant attribates
for the subject matter Following administration of the survey,
methods are available for the measurement and assessment of
the comtent validiry of the instnument, althongh their use is not
widely reported [30].

Establishing Arribure Levels

The next step iz to estzblish anribute levels. The level of an
atiribute mmst 2lso be of 2 range that ensures a rade-off between
attribmtes. 4 trade-off is defined as an exchange in which a
participant zives up some smonnt of one atiribute to Zain more
of another. It has been suggestad thar increasing the number of
lewels for an anribute increases the relative importance of that
atiribmte [31] and that imbalance in the mumbers of levels across
atiribmtes raises the importance of the attributes with higher
lewels [32). Wangz et al [32] suggested that a balance exists
berween simpler designs with lower mumbers of levels, which
rednce the respondent burden (and consequently messurement
arror) and are nseful for identifying attribute rankings, and more
complex designs with higher lewels {and higher statistical
precision) and is more sensigve to identdfying rade-offs between
attributes. Based on this, and the commonly adopted practces
in the ressarch field. we aimed to include at least three levels
for each atimibute.

If a range is mot smimble, participants might consider the
differences betwesn levels unimpaortant [25]. For example, the
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difference between the star ratings of 4.8 and 4.7 for 3 smoking
cessation app is not as relevant as the difference beraeen 4.8
and 4. In our research, to refine anribare levels, a survey was
conducted with 34 pardcipants. In the survey, the levels of two
atiribmtes we were unsure of (the monthly price of the app and
the ratings) were carefully considered in order to specify ata

Szinay et al

sufficiently wide range so that the difference betwesn the levels
would likely make a difference in responss. When a3 range is
not wide enongh, there is a risk that paricipants could ignore
the anributes because they judge the differsnce between levels
to be insignificant [20]. See Figure 1 for the final list of
attributes and levels inclnded in our DCE.

Figure 1. Anribares and armibute levels in our DCE. DCE: discrate chedce expariment.

Attributes Atribute bevels
1. The monthly price of the app s« f0
= 299
= 599
= {399
2. Who developed the apg & [Doesn't say
s Mhaalth Essentials Lid.
= NHS Digital
3, The ratings of the app s Deown't show
n
.
4 F
-
4. App description s Generlc, to create a rough idea of what the app is about
without getting Into detalls of ape featwres
= Shert, with some detalls abowt app features
»  Lomg, with a detailed deseription of the app and its
leatures
5. Images = Shows the logo of the app
*  Shows the screenshot(s) of the app
#  Shows the logo and screenshot(s) of the app

Choice Tazks

Once the attributes and their levels are identified, the decizion
to develop full- or pardal-profile tazks with or without an opt-our
option neads 1o be mads. A full profile refers to the display of
all five stiribates in both alternatives in each cholce sat. A partial
profile DCE will not present cemamin attributes for certsin
alternatives. For example, if 2 DCE is used wo investigate the
trade-off betwesen a hizher number of arributes (eg, a total of
nine stirbutes), it conld be beneficial to limit the nomber of
atiribmtes shown at one time (eg, five atiributes) to limit
participant cognitive load. Five aftribotes are generally
considered low enough to complets 2 full-profils choice task,
which consequently maximizes the information about rade-offs
[33]. Hence, in our research, we applied a full-profile DCE.

e wow jes g P02 11 1432365

A peutral option (“MNeither of these 27), known as an opt-out
alternative, was included, in addition to selecting alternative
apps. The opt-out option has the potential to make the choices
maore realistic [34] by simulating 2 real-world context where
individuals can exercize their right not to tzke up an app, =iven
the apps on offer [20]. In our DCE, a participant had the option
to choose or reject the hypothetical uptake of a smoking
cessation app. However, when a pamicipant selects the opt-out
option, no information is provided on how they wade-off
arribare levels or alermatives [13]. In some simations, a
Jorced-choice scenario can be included, where participants who
chose the opt-out option are prompted to make a choice
regardless. An example of a scenario with an opt-our option is
shown in Figure 2.
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Figmre 2. An exanmle of a scenario with an opt-out optson nsed inour DCE. DCE: discrete choice experiment.
Vol wish o guit amoking. and vou decide to select a smartplone app 10 do i Plesse look at the

options carefully and decide which app (App 1 or App 2b you think you would Likely want o

doanload and wse to help you quit smoking. You could also choose “MNeither of these two™ if you do
ot Like either option and would not chooss to downlond either app.

Take your time b make a decision, Please select an option and click on the aoroow 1o contioue,

App 1 App 2
The monthly price of the app £8.99 £l
Who developed the app Mhealth Essentials Ld, NHS Digital

The ratings of The app

Gensnc, to create o rough iden
of what the agp is aheur

Shoet, with some details abowm

App description without getting into defails of app features
app fearuses
Images chwn Logo and screenshatis) of the Logo of the app

5P

Experimental Dezign

An experimental desizm is & systematic method of zenerating
choice sets that are presented to respondents. This ensbles the
specification of the choice sets that respondents sse with the
ohjective of obtaining a high-guality data set [7]. When creating
the experimental design there are several aspects that nsed o
be taken into considerstion, mcluding (1) the analytical modal
specification, () whether the aim is to estimate main effects
only or interaction effects as well, (3) whether the design is
labeled or unlzbeled, (4) the oumber of choice tasks and
blocking options to be used, (3) which type of desizn of the
choice matrix to use (eg, full factorial or fractional factorial
orthogonsl or efficient), and (§) how the attribote-level balance
will be achieved. Thess are now considerad.

Analytical Model Specification

The first step in the generation of an experimental desizn is to
specify the analytcal model to estimate the parameters of the
DCE. This step is an important component of choosing the nype
of choice matrix desizn, descrobed later in this paper. The
approach selected here needs to be accounted for when
gensrating the structare of the experimental design.

A dizcrete choice model describes the probability that an
individual will choose a specific alternative. This probability
is expressed as a function of measured attribute levels specific
to the alternative and of characteristics of the individnal making

it jrmie crg B2 11632365

the choice. This probability is represented by the dependent
varizble (the choice variable), which indicates the choice made
by participants [2]. In this modeling famework, the atoribures
are the independent varisbles [8,13].

As part of the analytical model specification, knowing what
type of statistdcal analysis will be nsed is key. Dam anslysis
imvolves regression modeling in a random urility framework
[E]. The random utility model conventionally used is also based
on the Lancaster theory of consumer demand [35], which
together assume that individuals make rade-offs when making
a decision and would choose an option that offers the greatest
utility [36], determined by how much importance they place on
the attributes associated with the product [37].

The mmltinomial logit (MIL) model haz been previously
described as the “workhorse™ of DCE estimatdon [38,3%9], and
it typically serves as a starting point for basic model estimation
{although alternative models, such as probit, may be nsed). It
is important to note that MNL requires some impormant
assumptions and limitations—for example, independence of
irrelevant aliematives, homogensity of preferences, and
independence of observed choices [40,41]. Extensions of MINL
(ez, nested logit, mixed logit, and latent class models) may be
uzad to account for these limitations [39,40].

Based on the model specified in our DCE, the underlying usility
fimction for alternative j [38] is shown in Textbox 1.
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Texfbox 1. The utility fimction nsed in eur DCE research. DCE: discrete choboe experiment

U3 = (s ™ Kjoona) * Bvetoper * Mtevetoper) + Brasmgn = X ratinge) + Pasersprion * Fasserption) * Panmge * Xopmeged) T €

Mote:
1)1/ is the overall utility derived from altsrnative j.

1) p is the coefficient attached to X, estimated in the anatysis and represents the part-warth uriliy amched to each anritare level
3) & iz the mndom emmor of the modsl—n other words, the ummeasared factars infinencins the variation of preferences.

Main Effecrs or Intevaction Effecrs

The next step in mode] specification is deciding whether main
effects or interacton effects will be investigated. The main
effects, the most commeonly used, investgare the effect of each
aftiribute level on the choice variable. The effect on the choice
variable gained by combining two or more atiribute levels (eg,
app developer and the app's monthly cost) refers to an interaction.
effect [13). In our DCE, given the novel namure of the ressarch
on the nptake of health apps and the lack of empirical evidence
to suggest the presence of potential interactions between
anTibutes, we decided to only look at main effects.

Labeled or Unlabeled Experiment

In @ lsbeled experiment the altemstives are specific and
different {eg. smarphone app-based smoking cessston
intervention vs website-based smoking cessaton intervention)
and alemative specific attibtutes could be nsed (eg, some
atiribmtes relevant only for apps and others for websites). This
iz In confrast to an unlabeled expermental desizm, where the
alternatives are unspecified (eg, smoking cessadon app
alternative 1 vs smoking cessation app altemarve 2) and also
must have the same atimibutes. Given that 3 DCE maodel
estimates parameters for each of the alternatives being
considered, these alternative specific parameters must be
included in the stucture of the experimental design (described
in the next section) in a labeled experiment; in an unlabeled
experiment, because altemative specific parameters are arbitrary,
they are excluded [22.42,43]. In health economics, the unlabeled
approach is the most commoen. In our DCE, the unlabsled
approach was deemed logical here as we were comparing
different presentations of the same spp. Therefore, our DCE
desizn spplied an unlzbeled approach.

Generation af the Structure af the Experimental Design
Once the model is specified, the stucture of the experimental
desizn can be zenerated. For this stage, hypothetical alternatives
are generated and combined to form choice tasks, based on the
chosen armibates and their levels. Several difSerenr software
packages may be used to generate the experimental design of
aDCE, such as Ngene, 545 SPEED, 53PS5,_ and Sawtooth For
our DCE, Mzene soffwars was nsed [44]

Number of Choice Tazks and Blocking

The next step in the generation of an experimental desizn is to
decide on the choice task and blocking. To minimize respondsnt
and cognitive burden, and the risk of participants losing interast
during the DCE task, consideration must be paid to the targat
population, the number of tasks, and their complexity [13]. The
higher the pumber of atmributes, alternatives, and choice tasks,
the higher the task complexity [20]. The literanurs suzgests thar
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a feasible limit is 18 choice sets per participant [45.446]. In the
review by Marshall et al [27], most smdies inchided between T
and 16 choice sefs. In our DCE, we administered 12 choice
tasks per participant, which were desmed a number low enongh
to avoid excessive cognitive load but high enough to esmblish
sufficient statistical precision.

We developed 48 choice tasks and blocked them into 4 survey
versioms (12 choice tasks for each). Each block represanted a
separate survey, and paricipants were randomly assigmed to
one of the four survey versions. Blocking is a technique widely
used in DCEs to reduce copnitive burden by partiioning large
experimental designs into subsets of equal size, thersby reducing
the number of choice tasks that any one respondent is required
to complete [47]. Blocks were generated in Mgene software,
which allows for the minimization of the averape correlation
between the versions and attributes” levels [48]. For the blocking
to be successful, the number of choice tasks included in one
block must be divisible by the mumber of attribute levels; in our
DCE, attributes had either three or four levels.

It is noteworthy that to undertake the sample size calonlation,
it is crucial to know the oumber of alternatives per choice sat,
the largest number of levels of any atmibute (for DCE: looking
at main effects only) or the largest level of any two attributes
(for a DCE looking at interaction effects), and the oomber of
blocks [38]. Therefore, DCEs using blocking require a larger
sample size [47].

Type of Choice Matriz Desizn

Depending on the number of armibates and their levels, a fall-
or fractional-factorial desizn can be applied. A full-factorisl
design would include all possible combinations of the attributes’
levels and allow the estimation of all main effects and interaction
effects independent of one another [20]. However, thiz type of
desizn is often considered impractical due to the high oomber
of choice tasks required [20]. To illustrate this, the formula of
calenlation of the possible nnigue choice sltemnatives for a
full-factorial design iz [, where I represents the mumber of
levels and 4 the number of atirbutes [39]. If the atiributes in
the DCE have a different number of levels, these need to be
calenlated separately and multplied togedher To reduce
response burdan, in our DCE, we generated 2 Sactional-factorial
desizn in Mgene [44], representing a sample of possible
alternatives from the full-factorisl design This way, we were
able to reduce the total 432 altematives in the full desizn (ziven
by I = 4% « 3% to a fractional sample of 06 alternatives,
arranged in 48 choice pairs.

Systematic approaches for generation of factionzl-factorizl
desizns may be further categorized into ombogonal design and
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efficient design. An orthogonal desizn is 8 column-based design
bazed on orthogomal amays that pressm: propertes of
orthogonality (armibutes are stadstically independent of one
another) and level balance (Jevels of atmibutes appear an equal
mmmber of times) and does not mtroduce correlation between
the atitributes [38]. An orthogonsl amay is an optimal design
that is often nsed for DCEs examining main effects when the
munber of anmbutes and their levels is small.

For studies with five or more attributes with two or more levels,
an orthogonsl desizn may not be practical. There has therefore
been 3 recent change in thinking toward a nonorthogonal and
statstically more efficient design [38]. When perfect
orthogonslity and balance cannot be schieved or are not
desirable. an efficient desizn can be applied [20]. In contrast to
an omhogonsal design, an efficient design zims to increase the
precision of parameter estimates for a given sample size (le,
minimizing the standard errors of the estimated coefficients),
while allowing some limited correlation between atinbutes. The
maost widely nsed efficiency measure is the D-emor, which may
be easily estimated using vartous sofrware packages, such as
MNgene, and refers to the efficiency of the experimental design
in extracting information from respondents [21]. Experimental
desizns generated nsing this spproach are known as D-efficient
designs. A D-sfficient experimental desizn is also recommended
1o maximize statistical efficiency and minimize the varability
of parameter estimates [7].

An efficient design requires that known prior information about
the parameters (kmown as priors) be made available to the
algorithm and also requires the analyst to specify the analytcal
model specificadon, as described previously. Depending on
what information is svailable, one of three types of D-efficient
desizn can be generated [21]:

1. D-gfficienr design (r stands for zero priors): If no prior
informadon sbout the magnimde or directions of the
parameters is available. D -efficient design is an orthogonal
desizn This desizn assumes the parameters are Zero.

2 Dy-gfficient design (p stands for priors): This assumes a
fined, certain value and direction for the parameters.

3. Dy-gfficient design (b stands for Bayesian): A Bayesian
approach is whereby the parameter is not known with
certainty but may be described by its probability
distmibuben.

The best practice is to pilot the DICE. For the pilot phase, there

iz limited information available and using the D -efficient or

D -efficient desizn is sensible. In our DCE, we chose to apply

a Dy -efficient design, as the direction of priors of the app was

known from the previously conducted survey, to nammow down.

the ammibute levels and to provide prior estimates of the
parameters for the attribute levels. For example, we knew that

a trusted organization will likely positively inflnence uptake

and cost estimared negatively so. The direcdon of priors was

assumed to be a small near-zero negative or a posigve value for
the design.

The pilot phase provided the estimation that we nsed to generate

a Dy-efficient design for the final DCE. It is noteworthy thar

Szimay et al

when the parameter priors are different from zero, the efficient
design generated produces smaller prediction erors than
orthogonal desizns [21.49,50]. Hence, a D-efficient desizn will
oufperfonn an orthogonal desizn, and (given relisble priors), a
D-efficient design will outperform a D -efficient design [21].
Further, when reasonsble assumptions about the distributions
are made, a D -efficient desizn will outperform a DP-efﬁ.cjent
design. Therefore, it may be advisable to start piloting with a
D efficient desizn and to generate a Dy-efficient desizn for the
final DCE. The DCE literamre provides 3 detmiled and more
comprehensive description of orthogonal and efficient desizns
[21] and the approximation of the Bayesitan efficient desizm
[23].

Aftribute-Level Balance in the Model

The aroibure-level balance aims to ensure all atribute levels
ideslly appear an equal oumber of times in the experimental
desizn. The allocation of the attmbute levels within the
experimental desizn can affect statistical power; if a cenain
level s nndermrepresented in the choice sets generated, then the
coefficient for that level cannot be easily estimared. How
armribures levels are distributed is therefore an impormant
consideration when designing the cheice sets. Dominsmt
alternatives, where all atimbute levels of one alternative are
more desirable than zll anmbute levels in the others, do not
provide information about how tads-offt are made, as
individuals usually wounld select the dominant altematives.
Therefore, avoiding dominant altermatives in the experimental
desizn is important and can be achieved by consulting the
software mamnal to ensure the comrect algorithm iz used. The
syntax used in Mgens to generate choice sets of the pilot phase
and more information about the alporithm wsed can be accessed
omn the Open Science Framework [19].

Piloting the DCE and Generanng che Bayesian Design
In addition to providing estimations for the choice matrix desipn
described above, piloting offers an opporimity to ensure that
the information is presented clearly and that the choices are
realistic and meaningful. It also provides insight into how
cognitively demanding it is for respondents to complete. This
can be achieved by gathering feadback on the survey completion
process. The findings of the pilot may suggest that the DCE
needs to be amended, such as reducing the mumber of choice
z2ts or the number of anributes, so that the responses are a berer
meflection of the participants’ preferences and improve the
precision in the parameter estimates [13].

There iz mo formal guidance on how large the pilot sample
should be, and this iz largely gmided by the btmdzet and
complexity of the experimental design Accuracy of the priors
will improve with increasing sample size, but as few as 30
responses may be sufficient to generate useable data [44]. In
our pilot smdy conducted with 49 individuals, feedback from
the participants suggested that with the inivial order of the
attribmtes, there was a tendency to iznore the last two attributes,
app description and fmages of the app, the most text-heavy
armribares. This may have compromised the examination of the
relative importance of those tao attributes (3pp description and
images of the app). Therefore, we decided to change the final
order of the atiributes from (1) monthly price af the app. (2) the

e wow jise g P02 /1 1632365 1 Mt Istemmet Res 2001 | wol 73| s 10| 32365 | p 6
T ~ e mumir ol o Cifalion farpde)
XSL-FO
RenderX

253



I

1".\3--

JOUEKAL OF MEDICAL INTEENET RESEARCH

rarings af the app. (3) who developed the app, (4) the

seriprion, and (5) images shown to the one listed in Fipures
1 and 2. The longest completion time for the survey was under
12 min. Thus, we concluded that the number of choice tasks
did not nead to be reduced.

In our research, the data from the pilot phase were analyzed
using the freely available Apollo package in B software [51].
The coefficients and their standard errors from the ontpat were
used a5 priors to gensrate the final choice sets uzing the Bayesian
efficient design following the steps described previously. The
syntax nsed in B used to analyze the pilot data and that used to
generate the Bayesian efficient desizn in Mzens can be accessed
on the Cpen Science Framework [19].

Internal Validity

Assessing the internal validity of a DCE can help with
understanding the consistency and trade-off assumptions mads
by pamicipants [52]. There are several ways to examine the
internal validity of a DCE. For example, in the stabiliny validiy
test, a choice task would be repeated later in the sequence to
imvestizate the consistency of the participants” decizsion, whether
they would choose the same alternative [32]. Another way to
test intemnal validity is the within-zer dominared pairs nype of
internal walidity, in which one alternative is a dominant
alternative in which all atfributes are the most desirable ones.
The choice sets designed to measure internal validity are
excluded from the anzalysis. There are several infemnal validity
tests that are bmilt into software packages such as MATLAB
[52]. although these can be produced manually as well In our
research, we nsed the stability validity test to check the internal
validity by repeating a randomly generated choice task (in our
case, it was the fourth). Therefore, participants were shown 12
choice tazsks, plos an additional hold-ont task. The data fom
the randomly generated hold-out task were excloded from the
analysis.

Althongh internal validity checks provids some measure of data
quality, it should be noted that answerng a repest choice
inconsistently is not a violation of random utility theory [33].
Furthermore, there is no consensus on whar to do with the data
from responses that fail validity tests. Following the advice of
Lancsar and Lowviers [54], we did not exclnde participants who
failed the internal walidity check, as that mizht have caused
statistical bias or affected statistical efficiency. However, we
reported data on internal validity to ensble the reader to make
a judgement on likely bisses.

All additional study materials used in our example, inchoding
the full data set and the results of the DCE, can be accessed on
Open Science Framework [19].

Discussion

Summary

This paper describes the development of a DCE, following the
stages required to establish anributes and their levels, constmct
choice tasks, define the wiility model, decide on labeled and
unlabeled choices to apply, decide on the number of choice
tasks that need to be generated and maske decizions on the
stmcture of the experimental desizm, how to  achieve
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atmibute-level balance, how to assess the internal mode] validity,
and how to pilot-test. In doing so, the intention is to advance
methodological swareness of the application of stated preference
methods i the field of digital health as well as to provide
researchers with an overview of their applicadon nusing a case
smdy of a DCE of smoking cessation app uptake.

Althomzh DICEs are widely nsed to understand patient and
provider choices in health care [8,10,15 53], they have only
recently started to gain popularity in digital health [4-6] and as
such represent an undemased approach in digisl health With
the prowing evidence of the benefit of dizital health initistives,
there are clear benefits to widening the application of DICEs so
that they may more routinely inform digital heslth development,
inform digital tool presentation, and, meost importantly, predict
uptake and engagement with digital produocts. Althonsgh several
attempts have been made to measure engagement with digital
tovols using a wide range of methodologies [56-58], the insights
we have from them that can be manslated to uptake are limited.
One plansible explanadon is that uptake of digital tools is
difficult to empirically megsure.

Benefits and Limitations of DCE:

DCEs bring several benefits o belp overcome the izsue of
mezsunng uptaks in digital health or in other areas where the
megsurement of the predictors of uptake in a good or service is
required. For example, as illusoated by the case study here, they
enable the researcher to gain measurable insights into simatons
in which quantitative measures are hard to otherwise obtain,
such as the factors impacting the uptake of health apps on
curated health app portals. & DCE also belps to quantify
preferences to sapport more complex decisions [59]. An example
would be the consideration of how to plan the development of
an app that wonld provide sppealing looks or featores that would
promote uptake The DCE methodelogy = also considered a
comvenient approach to imvestigate the uptake of new
interventions, including digital health interventions [38]. for
example, digital behavior change interventions using a health
and well-being smartphone spp. Therefore, DICEs can be nsed
in hypothetical cirowmstances, enabling the messurement of
preferences for a potendal policy change or digital health system
change befors it i implemented [13], such as the recemt
imvestigation of the uptake of 3 COVID-19 test-and-trace health
app [3.4]. The experimental namre of the DCE also means that
participants’ praferences can be recorded based on controlled
experimental conditions, where attributes are systematically
varied by researchers to obtain insight into the marginal affect
of attribute changes on individuals® choices [7].

Deespite their benefits, the application of DCEs presents several
challenges. As with all expressed preference methodologies,
the hypothetical namre of the DCE choice set raises concems
about externsl validity and the degree to which real-world
decisions might equate to those made by study participants
under experimental conditions, a phenomenon known as the
intenton-behavior gap [60]. As such, participants may believe
they would choose a scenario presented snd described in a
choice task, but in real life, there might be other factors that
would influence their behaviors, such as the sesthetics of the
app [28]. This limitation can at least pardally be overcome by

J Mied lmiernes Res 221 | wol. 23 | i 10 | 32365 | p 7
e i o i citanion purposes)

254



JOURNAL OF MEDICAL INTERNET RESEARCH

developing convincing and visnally appesling choice tasks.
Mevertheless, to date, thers has been limited progress in testing
for external walidity due to the difficulty in inwestizating
preferences in the real world [38]. Indsed, a recent systematic
review of the literature on DCEs in health care reported thar
only 2% of the incloded studies (k=T) report details of the
imestization of external validity [47], while an earlier systematic
review and metz-analysis (k=) found that DICEs have only a
moderate level of accuracy in predicting behaviors of health
choices [§1]. To our knowledge, no smdy has besn published
that inwestigates the external validity of a DICE developed in

Szinay et al

A final significant concem associzted with the use of a DCE is
that any single choice set is unlikely to be sble to present the
user with all relevant atributes, regardless of how well it has
been developed [61]. Choosing the most relevant attributes to
test in a DCE, therefore, requires comprehensive preparatory
ressarch, which can lengthen the time required o undertake the
development phase of any piece of work.

Concluzion

In summary, DCEs have sigmificant potential in digital health
research and can serve as an important decision-making tool in

a field where observational data are lacking. We hope that the
content of this paper provides a useful inmoduction and guide
to those interested in developing such experiments in digial
health.

digital health One potential opportunity to undertske some
testing would be through & cursted health app portal, where the
same health app is presented in two or more different ways.
With the help of website analytics, acmal user behavior could
e measured in this situation.
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Appendix 15.

Attributes relevant for uptake of health and wellbeing

apps
1. TDF 2. Identified 3. Description of attributes | 4. Action 5. Wording
constructs attributes taken of the
attributes
in the DCE
Skills 1. App literacy Technological competency Included in the
survey
Knowledge 2. App Knowledge of the existence Included in the
awareness of health and wellbeing apps | survey
3. Health Health consciousness or by
awareness having family members
diagnosed with a condition or
disease, or concerns
regarding a behaviour or
health outcome
Environmental | 4. Availability The ability to use a
context and smartphone anytime,
resources anywhere; and
availability of an app on all
major commercial app stores
5. Cost of an Cost of an app Included inthe | ‘The
app DCE monthly
price of the
app’
6. Aesthetics The look and design of an
app and user-friendly and
design related characteristics
of the portal
Social 7. Social The importance of reviews Included in the | ‘The ratings
influences influences and ratings in the DCE of the app’
commercial app stores
Identified credible sources: Included in the | ‘Who
apps developed or endorsed | DCE developed
by trusted app developers, the app’
organisations, universities
Beliefs about 8. Perceived App preferred over face-to- Included in the
capabilities competence face intervention when an survey
app is felt that can be
engaged with on their own
Beliefs about 9. Time The ability of a health app to
consequences | efficiency be interacted with a
minimum expenditure of time
10. The Discrepancy between what Included in the | ‘Images
perceived utility | the users are looking forand | DCE shown’
of the app what the app offers,
characterised by a relevant
title, description, pictures,
adaptation to individual
characteristics and users
previous lived experience ‘App
with health apps description’

11. Perceived
Accuracy

The perceived effectiveness
of apps before selection of
an app
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12. Data Concern regarding the Included in the
protection handling of personal data survey
13. The level of commitment
Commitment when deciding on uptake

with a health app
14. Social Identity related to app use Included in the
identity (e.g. trends and gender survey

specificity, feeling like a
‘patient’)
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Appendix 16. Ethical approval of the discrete choice experiment

EA

University of East Anglia

Faculty of Medicine and Health Sciences Research Ethics Commitiee

Dorottya Szinay

School of Health Scienes
University of East Anglia
Norwich Research Park
Norwich

NR4 7TJ

12" October 2020
Dear Dorottya

Title: Eliciting adult smokers’ preferences for the uptake of smoking cessation apps: A Discrete
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Reference: 2020/21-017

Thank you for your email of 8" October 2020 notifying us of the amendments you would like to make
to your above proposal. These have been considered and | can confirm that your amendments have
been approved.

Please can you ensure that any further amendments to either the protocol or documents submitted
are notified to us in advance, and that any adverse events which occur during your project are reported
to the Committee.

Approval by the FMH Research Ethics Committee should not be taken as evidence that your study is
compliant with GDPR and the Data Protection Act 2018. If you need guidance on how to make your
study GDPR compliant, please contact your institution’s Data Protection Officer.

Please can you arrange to send us a report once your project is completed.

Yours sincerely

—_—
S == —

Dr Jackie Buck
Chair
FMH Research Ethics Committee
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Appendix 17. The 48 choice tasks of the

Block 1

discrete choice experiment

Choice situations: 4, 9, 10, 15, 18, 22, 29, 32, 33, 34, 38, 47

Scenario 4 Block 1

App 1

Long and detailed
description of the app
and its features

3.2

App description

The ratings of the app

Screenshot(s) of the
Images shown

App 2

Short with some details
about app features

Does not show

Logo and screenshot(s)

Long and detailed
description of the app
and its features

App description

app of the app
Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £0 £0
Scenario 9 Block 1
App 1 App 2

Short with some details
about app features

Generic, to create a
rough idea of what the
app is about without
getting into details of app

App description

features
The ratings of the app 3.2
Logo and screenshot(s) of
Images shown
the app

Who developed the app Does not show

The monthly price of the app £5.99

The ratings of the app 3.7 4.0
Images shown Logo of the app Screenshot(s) of the app
Who developed the app Does not show NHS Digital
The monthly price of the app £2.99 £5.99
Scenario 10 Block 1

App 1 App 2

Long and detailed
description of the app
and its features

Does not show

Screenshot(s) of the app

Mhealth Essentials Ltd.

£8.99

Scenario 15 Block 1
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App description

The ratings of the app

App 1

Long and detailed
description of the app
and its features

Does not show

App 2

Generic, to create a
rough idea of what the
app is about without
getting into details of app
features

3.2

Logo and screenshot(s) of

App description

Short with some details
about app features

Images shown Logo of the app the app
Who developed the app Does not show NHS Digital
The monthly price of the app £8.99 £8.99
Scenario 18 Block 1

App 1 App 2

Generic, to create a
rough idea of what the
app is about without
getting into details of app

features
The ratings of the app 82 4 8
Images shown Logo of the app Screenshot(s) of the app
Who developed the app NHS Digital Does not show
The monthly price of the app £0 £2.99
Scenario 22 Block 1
App 1 App 2

App description

Short with some details
about app features

Long and detailed
description of the app
and its features

The ratings of the app 4. 8 3.7
Logo and screenshot(s) of
Images shown Screenshot(s) of the app the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £2.99 £0
Scenario 29 Block 1
App 1 App 2
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App description

getting into details of app

Generic, to create a
rough idea of what the
app is about without

Long and detailed
description of the app and
its features

features
The ratings of the app 4 8 32
Images shown Logo of the app Screenshot(s) of the app
Who developed the app Mhealth Essentials Ltd. NHS Digital
The monthly price of the app £2.99 £0
Scenario 32 Block 1
App 1 App 2

App description

The ratings of the app

Images shown

Long and detailed
description of the app and
its features

4.8

Short with some details
about app features

4.0

Screenshot(s) of the app Logo of the app

Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £2.99 £8.99
Scenario 33 Block 1

App 1 App 2

App description

Generic, to create a rough
idea of what the app is
about without getting into
details of app features

Long and detailed
description of the app
and its features

The ratings of the app 4, O Does not show
Logo and screenshot(s) of
Images shown Logo of the app the app
Who developed the app NHS Digital Does not show
The monthly price of the app £5.99 £0
Scenario 34 Block 1
App 1 App 2

App description

The ratings of the app

Short with some details
about app features

3.2

Short with some details
about app features

3.2
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Images shown Logo of the app

Screenshot(s) of the app

Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £8.99 £8.99
Scenario 38 Block 1

App 1 App 2

Generic, to create a
rough idea of what the

App description app is about without
getting into details of app
features
The ratings of the app 4 8

Images shown Logo and screenshot(s) of

Short with some details
about app features

3.2

Screenshot(s) of the app

the app
Who developed the app NHS Digital Does not show
The monthly price of the app £5.99 £0
Scenario 47 Block 1

App 1 App 2

Generic, to create a
- rough idea of what the Short with some details
App description app is about without
o : about app features
getting into details of app

features
The ratings of the app Does not show 32
Images shown Screenshot(s) of the app Logo and screenshot(s) of

the app

Who developed the app Mhealth Essentials Ltd. NHS Digital
The monthly price of the app £8.99 £8.99
Block 2
Choice situations: 1, 2, 13, 14, 16, 17, 19, 24, 26, 30, 36, 48
Scenario 1 Block 2

App 1 App 2

Long and detailed
App description description of the app
and its features

Generic, to create a
rough idea of what the
app is about without
getting into details of

app features
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The ratings of the app Does not show 4 8
Images shown Logo of the app Screensar;c;t(s) of the
Who developed the app NHS Digital Mheal;c_?dEssentlals
The monthly price of the app £0 £2.99
Scenario 2 Block 2

App 1 App 2

Long and detailed
description of the app
and its features

Short with some details

App description about app features

The ratings of the app 32 Does not show

Images shown Screenshot(s) of the app Logo and screenshot(s)

of the app
Who developed the app Mhealth Essentials Ltd. Does not show
The monthly price of the app £0 £2.99
Scenario 13 Block 2
App 1 App 2

Long and detailed
description of the app
and its features

Apb description Short with some details
PP : about app features

The ratings of the app Does not show 4 8

Logo and screenshot(s) of

Images shown Screenshot(s) of the app

the app
Who developed the app Does not show NHS Digital
The monthly price of the app £0 £5.99
Scenario 14 Block 2
App 1 App 2

Generic, to create a rough
idea of what the app is
about without getting into
details of app features

Long and detailed
App description description of the app and
its features

The ratings of the app 4 8 Does not show

Logo and screenshot(s) of

Images shown the app

Logo of the app
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Who developed the app Mhealth Essentials Ltd. NHS Digital

The monthly price of the app £5.99 £0

Scenario 16 Block 2

App 1 App 2

Generic, to create a rough
Short with some details idea of what the app is
about app features about without getting into
details of app features

App description

The ratings of the app 4 8 Does not show

Logo and screenshot(s) of

Images shown the app Logo of the app
Who developed the app Does not show NHS Digital
The monthly price of the app £0 £0
Scenario 17 Block 2

App 1 App 2

Generic, to create a rough
idea of what the app is
about without getting into
details of app features

Long and detailed
description of the app and
its features

App description

The ratings of the app 4 O Does not show
Images shown Logo of the app Screenshot(s) of the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £8.99 £5.99

Scenario 19 Block 2

App 1 App 2

Generic, to create a rough
idea of what the app is
about without getting into
details of app features

Long and detailed
description of the app and
its features

App description

The ratings of the app 3.7 4. 8

Logo and screenshot(s) of

Images shown Logo of the app

the app
Who developed the app Mhealth Essentials Ltd. Does not show
The monthly price of the app £0 £5.99
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Scenario 24 Block 2

App 1 App 2

Generic, to create a rough
idea of what the app is

about without getting into
details of app features

Long and detailed
description of the app and
its features

App description

The ratings of the app 4 8 40

Logo and screenshot(s) of

Images shown Logo of the app

the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £2.99 £5.99
Scenario 26 Block 2

App 1 App 2

Generic, to create a

rough idea of what the Short with some details

App description app is about without
getting into details of app about app features
features
The ratings of the app Does not show 4 O
Images shown Screenshot(s) of the app Logo of the app
Who developed the app Does not show NHS Digital
The monthly price of the app £0 £2.99

Scenario 30 Block 2

App 1 App 2

Generic, to create a rough
Short with some details idea of what the app is
about app features about without getting into
details of app features

App description

The ratings of the app 4 O 32

Logo and screenshot(s) of

Images shown Screenshot(s) of the app

the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £8.99 £2.99
Scenario 36 Block 2
App 1 App 2
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Generic, to create a rough
idea of what the app is
about without getting into
details of app features

Long and detailed
description of the app and
its features

App description

The ratings of the app 4 8 Does not show
Images shown Screenshot(s) of the app Logo and screenshot(s) of
the app
Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £2.99 £2.99
Scenario 48 Block 2
App 1 App 2
_— L?".g and detailed Short with some details
App description description of the app and
. about app features
its features
The ratings of the app 40 4 8
Images shown Screenshot(s) of the app Logo of the app
Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £8.99 £8.99
Block 3

Choice situations: 3, 7, 11, 12, 20, 25, 28, 31, 39, 43, 44, 45

Scenario 3 Block 3

App 1 App 2

Generic, to create a
rough idea of what the
app is about without
getting into details of app
features

Short with some details

App description about app features

The ratings of the app 4.8 4.0

Screenshot(s) of the

Images shown Logo of the app

app
Who developed the app Mhealth Essentials Ltd. NHS Digital
The monthly price of the app £0 £2.99
Scenario 7 Block 3
App 1 App 2
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Generic, to create a
rough idea of what the Long and detailed
App description app is about without description of the app
getting into details of and its features
app features

The ratings of the app 3.2 4. 8

Logo and screenshot(s)

Images shown Screenshot(s) of the app

of the app
Who developed the app NHS Digital Does not show
The monthly price of the app £0 £2.99
Scenario 11 Block 3
App 1 App 2

Long and detailed
description of the app
and its features

Short with some details

A .
PP description about app features

The ratings of the app Ar 8 Does not show
Images shown Logo of the app Screenshot(s) of the app
Who developed the app Does not show NHS Digital

The monthly price of the app £2.99 £2.99

Scenario 12 Block 3

App 1 App 2
Generic, to create a
rough idea of what the
App description app is about without
getting into details of
app features

Short with some details
about app features

The ratings of the app Does not show 32
Logo and screenshot(s)
Images shown Screenshot(s) of the app of the app
Who developed the app Mhealth Essentials Ltd. Does not show
The monthly price of the app £2.99 £0
Scenario 20 Block 3
App 1 App 2

i Lon.g ?nd detailed Short with some details

App description description of the app

. about app features
and its features PP

The ratings of the app Does not show 4 O
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Logo and screenshot(s)

Images shown Logo of the app

of the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £2.99 £2.99
Scenario 25 Block 3
App 1 App 2

Generic, to create a
rough idea of what the
App description app is about without
getting into details of
app features

Short with some details
about app features

The ratings of the app 4 O 4 8
Images shown Screenshot(s) of the app Logo of the app
Who developed the app Does not show NHS Digital
The monthly price of the app £0 £2.99

Scenario 28 Block 3

App 1 App 2
Generic, to create a
rough idea of what the
app is about without
getting into details of
app features

Short with some details

App description about app features

The ratings of the app 40 3.7

Logo and screenshot(s)

Images shown Logo of the app

of the app
Who developed the app Mhealth Essentials Ltd. Does not show
The monthly price of the app £8.99 £5.99
Scenario 31 Block 3
App 1 App 2

Generic, to create a
rough idea of what the
App description app is about without
getting into details of
app features

Short with some details
about app features

The ratings of the app 4 O 3 2

Images shown Logo of the app Screenshot(s) of the app
Who developed the app Does not show NHS Digital

The monthly price of the app £2.99 £0
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Scenario 39 Block 3

App 1 App 2
Long and detailed
description of the app
and its features

Short with some details

App description about app features

The ratings of the app 4 8 40
Logo and screenshot(s)
Images shown Logo of the app of the app
Who developed the app Mhealth Essentials Ltd. NHS Digital
The monthly price of the app £0 £0
Scenario 43 Block 3
App 1 App 2
Generic, to create a
L. rough idea of what the Short with some details
App description app is about without about app features
getting into details of app PP
features
The ratings of the app 4 O 3.7
Images shown Screenshot(s) of the app Logo of the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £5.99 £0

Scenario 44 Block 3

App 1 App 2
Long and detailed
description of the app
and its features

Short with some details

A -
PP description about app features

The ratings of the app 4 8 L O
Images shown Screenshot(s) of the app Logo and screenshot(s) of
the app
Who developed the app NHS Digital Does not show
The monthly price of the app £8.99 £8.99
Scenario 45 Block 3
App 1 App 2
Generic, to create a Long and detailed
App description rough idea of what the description of the app
app is about without and its features
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The ratings of the app

Images shown

Who developed the app

The monthly price of the app

getting into details of app

features

4.0

Logo of the app

Does not show
£5.99

4.3

Logo and screenshot(s) of

the app
NHS Digital
£5.99

Block 4

Choice situations: 5, 6, 8, 21, 23, 27, 35, 37, 40, 41, 42, 46

Scenario 5 Block 4

App description

App 1

Generic, to create a
rough idea of what the
app is about without
getting into details of
app features

App 2

Long and detailed
description of the app
and its features

The ratings of the app 4, O Does not show
Logo and screenshot(s)
Images shown Logo of the app of the app
Who developed the app Mhealth Essentials Ltd. NHS Digital
The monthly price of the app £0 £0
Scenario 6 Block 4
App 1 App 2

App description

Generic, to create a
rough idea of what the
app is about without
getting into details of
app features

Short with some details
about app features

The ratings of the app 3.7 4 O
Logo and screenshot(s)
L

Images shown ogo of the app of the app
Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £2.99 £5.99
Scenario 8 Block 4

App 1 App 2
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App description

Short with some details
about app features

Long and detailed
description of the app
and its features

The ratings of the app 4 8 4. O
Logo and screenshot(s)
Images shown of the app Logo of the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £2.99 £2.99
Scenario 21 Block 4
App 1 App 2

App description

Short with some details
about app features

Long and detailed
description of the app
and its features

The ratings of the app Does not show 4 8
Logo and screenshot(s)
Images shown Logo of the app of the app
Who developed the app NHS Digital Mhealth Essentials Ltd.
The monthly price of the app £2.99 £5.99
Scenario 23 Block 4
App 1 App 2

App description

The ratings of the app

Images shown

Long and detailed
description of the app
and its features

4.8

Screenshot(s) of the app

Short with some details
about app features

Does not show

Logo and screenshot(s)

of the app
Who developed the app Mhealth Essentials Ltd. Does not show
The monthly price of the app £8.99 £5.99
Scenario 27 Block 4
App 1 App 2

App description

The ratings of the app

Short with some details
about app features

Does not show

Generic, to create a
rough idea of what the
app is about without
getting into details of
app features

4.0
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Images shown

Logo of the app Logo and screenshot(s)

of the app
Who developed the app Does not show NHS Digital
The monthly price of the app £0 £2.99
Scenario 35 Block 4
App 1 App 2

App description

Generic, to create a
rough idea of what the
app is about without
getting into details of
app features

Long and detailed
description of the app
and its features

The ratings of the app 4 8 Does not show
Logo and screenshot(s)
Images shown of the app Screenshot(s) of the app
Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £5.99 £0
Scenario 37 Block 4
App 1 App 2

App description

Generic, to create a
rough idea of what the
app is about without
getting into details of

app features

Long and detailed
description of the app
and its features

The ratings of the app 4 8 4 O
Images shown Logo of the app Screenzf:;t(s) of the
Who developed the app NHS Digital Does not show
The monthly price of the app £8.99 £8.99
Scenario 40 Block 4

App 1 App 2

App description

The ratings of the app

Images shown

Who developed the app
The monthly price of the app

Long and detailed
description of the app
and its features

Short with some details
about app features

4.0 3.2
Logo and screenshot(s)
L
of the app ogo of the app
Mhealth Essentials Ltd. NHS Digital
£5.99 £2.99
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Scenario 41 Block 4

App 1 App 2
Generic, to create a
rough idea of what the
App description app is about without
getting into details of
app features

Short with some details
about app features

The ratings of the app 4 O Does not show
Images shown Logo of the app Screenshot(s) of the app
Who developed the app Does not show NHS Digital

The monthly price of the app £2.99 £0

Scenario 42 Block 4

App 1 App 2
Generic, to create a
rough idea of what the
app is about without
getting into details of
app features

Short with some details

App description about app features

The ratings of the app 3 2 Does not show
Images shown Screenshot(s) of the app Logo of the app
Who developed the app Does not show Mhealth Essentials Ltd.
The monthly price of the app £5.99 £8.99

Scenario 46 Block 4

App 1 App 2
Generic, to create a
rough idea of what the
App description app is about without
getting into details of
app features

Short with some details
about app features

The ratings of the app 8 2 Does not show

Logo and screenshot(s)

Images shown Screenshot(s) of the app

of the app
Who developed the app Mhealth Essentials Ltd. Does not show
The monthly price of the app £5.99 £8.99
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Appendix 18. Potential facilitators and barriers of the uptake of, and

engagement with, smoking cessation apps

Potential facilitators and barriers of uptake of, and engagement with, smoking
cessation apps and the survey statements to assess these.

TDF Domain Factor U/E/B Hypothesised Hypothesised Item in the survey
* facilitator barrier
Skills App B Having the - In general, | can easily use a newly
literacy ability to use installed app on my phone.
apps
confidently.
Knowledge App U - Lack of | was aware of the existence of
awareness awareness of smoking cessation apps prior to
smoking cessation taking part in this study.
apps.
Knowledge User E Providing - A guide of how to use features
guidance knowledge of would help me use the app more
how to use an often.
app.
Knowledge Health E Improves - Information in the app about how
information knowledge of quitting smoking improves my health
own health. would make me use the app more
often.
Memory, Cognitive E - Complicated and In general, | don’t want to use an
attention, load time-consuming app with features that would take
decision features. some time to learn.
processes
Memory, Reminders E Help It would be important that an app to
attention, individuals to help me quit smoking sends
decision pay attention personalised reminders to me.
processes on quitting
smoking.
Memory, Reminders Drawing | wouldn’t want to use an app that
attention, individuals’ sent me reminders about quitting
decision attention on smoking in case it would trigger my
processes smoking triggering  cravings to smoke.
cravings.
Social Peer E Social Being connected with other app
influence support interaction that users would motivate me to stay on
promotes track with my intention to stop
quitting. smoking.
Social Peer Social interaction Being connected with other app
influence support triggers shame or  users would make me feel ashamed
disappointment or disappointed if | started smoking
when one is failing again after quitting.
to quit.
Social Profession E Improves - Being connected with online helpers
influence al support quitting. (quit smoking advisors) within the
app would make want to use the
app more.
Beliefs about  Self- E Promotes - I am confident | could quit smoking
capabilities confidence quitting by using an app.
smoking by
using the app.
Beliefs about Data B - Concern of how | am concerned how my personal
consequenc  protection the personal data  data is handled in apps.
es is handled.
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Goals Goal E

setting and

action

planning
Social Social E
identity identity
Reinforceme  Rewards E

nt

Receiving
reward in
forms of
badges and
certificates.

Goal setting
without action
planning.

Using a health
app and feeling
like a patient.

Receiving guidance of how to
achieve goals is more important for
me than just simply setting goals.

When using a smoking cessation
app, | don’t want to feel that | am
being treated like a patient.
Receiving badges or awards for
achieving a set goal, would make
me use the app more often.

*U - uptake, E — engagement, B — both uptake and engagement
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Appendix 19. The discrete choice experiment and the additional survey

guestions

Eligibility questions

Thank you for your interest in participating in the Health and Wellbeing Smartphone App
Research Study. We would like to ask you a few questions to check your eligibility for this study.”*

Question Possible answers Eligible if the answer is
the following
Are you aged 18 or over? (1) Yes 1
(2) No
Do you live in the UK? (1) Yes 1
(2) No
Do you currently smoke cigarettes? (1) Yes 1
(2) No
Do you own or have regular access (1) Yes 1
to a smartphone? (2) No
Would you ever consider using a (1) yes 1
smartphone app to quit smoking (2) no
cigarettes?

The survey questions

The Discrete Choice Experiment
Welcome!

In this section of the survey, you will be asked to choose between a few options. The options
represent different hypothetical apps to help a smoker quit smoking.

How to complete this survey

Please consider the following scenario. You wish to quit smoking, and you decide to select a
smartphone app to do that. You will need to make a series of choices about which app to select
based on the description. In each set of choices, we will present you two options, each of which
describes a set of characteristics of smoking apps you might potentially choose. Imagine that
these apps are listed on a website that presents information only about health and wellbeing apps
as opposed to how these are presented in an app store (e.g. the Apple app store or Google play).
The presentation of the apps will describe five characteristics which will be different in each pair.
These apps do not actually exist but please answer as if they were real.

Let’s have a look at the characteristics.

1. The cost of the app per month — this can be any of the following:

e f0

e £2.99
e £5.99
o £8.99
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2. Who developed the app — in some cases you will see the company who developed the
app, while in other cases it will not say:

e Doesn’t say

e NHS Digital

e Mhealth Essentials Ltd.

3. The user ratings of the app — in some cases you will see the ratings of the app, while in
other cases it will not say:

e Doesn’t say

e App rated with 3.2 stars

e App rated with 4 stars

e App rated with 4.8 stars

4. The app description — there are different ways of describing an app, these are the options
you will be presented:

e Generic, to create a rough idea of what the app is about without getting into details of
app features

e Short with some details about app features

e Long and detailed description of the app and its features

5. Images of the app — when presenting an app on a website dedicated for health apps can
have any of the following picture:

e Logo of the app

e Screenshot(s) of the app

e Logo and screenshot of the app

When you make a choice between the two apps each time, all you need to do is to read the
characteristics and choose the option that corresponds to the app you would select. We will
remind you about the scenario with each series of choices. Please, take your time when making a
decision.

In the next page we will show you a test choice set. Click on the arrow when you are ready to
start.

<Test choice set shown — this will not be included in the data analysis>

‘You wish to quit smoking, and you decide to select a smartphone app to do that. Please look at the
options carefully, and decide on which app (App 1 or App 2) do you think you would likely want to
download and use to help you quit smoking. You could also choose ‘None of these two’ if you do
not like either option and would not choose to download either app. Take your time to make a
decision.

Which app would you choose?’
<Insert test image>
My answer is:

e Appl
e App2
e None of these two
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Once the choice test is done:

“You will now need to make several choices using the same scenario. Click on the arrow when you
are ready to start.”
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‘Please, select an option and click on the arrow to continue.’

App 1 App 2
The monthly price of the app £2.99 £8.99
Who developed the app NHS Digital Mhealth Essentials Ltd.
The ratings of the app Does not show 4, O

Short with some details about app

Generic, to create a rough idea of
what the app is about without getting

App description features into details of app features
Images shown Screenshot(s) of the app Logo of the app
My answer is:
e Appl
e App2

e None of these two

*[If the answer is ‘None of these two’]

‘We understand that you did not like either option. But imagine that you would have to make a

choice. Which one would you prefer?’

My answer is:
e Appl
e App2

Uptake and engagement questions

‘Thank you for completing the choice tasks! Now, we would like to know more about your
previous experience in using health apps and your views about them. Please, answer the

following questions.’

Question

Your answer to the question is:

What type of smartphone do you have or have access to for personal use?

(1) An Android phone
(2) An Apple iPhone
(3) Other type of phone

Have you ever used an app designed to help you stop or quit smoking | (1) Yes
(smoking cessation app)? (2) No
Have you used any other type of health or wellbeing smartphone app to | (1) Yes
help you become healthier or to feel better in the last 12 months? (2) No
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(For example, apps that can help you drink less alcohol, being more active,
losing weight, become less depressed, become less anxious, improve your
mood, etc.)

How did you discover the health app(s) you used (i.e. learn about the
app’s existence, not where you downloaded it from)? Select all that apply.
[Those who answered yes to ‘Have you ever used a smoking cessation
app?’ or ‘Have you ever used another health or wellbeing smartphone
app to help you become healthier or to feel better?’ ]

(1) Found via Google search

(2) Found in app store

(3) Found on a health-related website

(2) Recommended by friends or family

(3) Recommended by health practitioners
(4) Other: (free text)

When using a health app which of these statements best applies
[Those who answered yes to ‘Have you ever used a smoking cessation
app?’ or ‘Have you ever used another health or wellbeing smartphone
app to help you become healthier or to feel better?’ ]

(1) I enjoy spending time exploring all the
features an app has

(2) I prefer to spend less time on the app, so |
would prefer simple features

(3) not sure

Please, click the box that most closely corresponds to your feeling regarding each of the

statements.

Statements

Your answer to the statement is:

In general, | can easily use a newly installed app on my phone.

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

O O 0O O O

| was aware of the existence of smoking cessation apps prior to taking
part in this study.

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

O O O O O

A guide on how to use features will help me use an app more often.

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

O 0O O O ©°

Information in an app about how quitting smoking improves my health
would make me use the app more often.

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

O 0 O O O

In general, | don’t want to use an app with features that would take some
time to learn.

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

O 0 O O O

It would be important that an app to help me quit smoking sends
personalised reminders to me.

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

O 0 O O O

| wouldn’t want to use an app that sends me reminders about quitting
smoking in case it would trigger my cravings to smoke.

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree

O O O O
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Strongly disagree

Being connected with other app users would motivate me to stay on
track with my intention to stop smoking.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

Being connected with other app users would make me feel ashamed or
disappointed if | started smoking again after quitting.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

Being connected with online helpers (e.g. quit smoking advisers) within
the app would make me to use the app more.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

I am confident | could quit smoking by using an app.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

I am concerned how my personal data is handled in apps.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

Receiving guidance on how to achieve goals is more important for me
than just simply setting goals.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

When using a smoking cessation app, | don’t want to feel that | am being
treated like a patient.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

Receiving badges or awards for achieving a set goal would make me use
the app more often.

O O O O O

Strongly agree

Somewhat agree

Neither agree nor disagree
Somewhat disagree
Strongly disagree

Smoking and Sociodemographics

‘You are nearly done! We will now ask you a few more questions so we know more about your

background. Remember, the information you provide will be anonymised.’

Question

Your answer to the question is:

How many cigarettes per day do you usually smoke? | [free text]
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How soon do you smoke your first cigarette after
you wake-up?

(1) Within 5 minutes

(2) 6 — 30 minutes

(3) 31 - 60 minutes

(4) More than 60 minutes

When was the last time you made a serious quit
attempt that lasted at least 24 hours?

(1) In the last month

(2) In the last 12 months

(3) Longer than 12 months ago

(4) I haven’t made an attempt to quit smoking before

Have you ever used any of the following to help you
stop smoking? (Tick all that apply)

(1) Nicotine replacement product (e.g. patches, gum, inhalator)

(2) Zyban (buprorion)

(3) Champix (varenicline)

(4) E-cigarette or vaping device

(5) Attended a stop smoking group

(6) Attended Stop Smoking one-to-one counselling or support services
(7) Phoned a smoking helpline

(8) A book about quitting smoking

(9) Visited a smoking cessation website

(10) Used a smoking cessation app installed on smartphone, tablet or
PDA

(11) None of these

(12) Other (free text)

How likely are you planning to quit smoking within
the next 6 months?

(1) Very unlikely

(2) Unlikely

(3) Maybe, maybe not
(4) Likely

(5) Very likely

How determined are you to quit for good?

(1) Not at all
(2) Slightly

(3) Moderately
(4) Very much
(5) Extremely

What would be your main reason for quitting
smoking?

(1) Health concerns related to COVID-19

(2) Health concerns not related to COVID-19
(3) Pressure or encouragement from others
(4) To save money

(5) To regain control

(6) Other (free text)
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Demographics:

Question

Your answer to the question is:

What year were you born?

(free text)

What gender do you identify with?

(1) Female

(2) Male

(3) Non binary/ Gender fluid
(4) Prefer not to say

What is your highest educational qualification?

(1) GSCE or equivalent

(2) A levels or equivalent

(3) Degree or equivalent

(4) Postgraduate or equivalent
(5) Other (free text)

What was your net (after tax) household income
last month? Please include any benefits your
household members received. If you are a single
person living a shared house or lodging, please,
base this on your individual income.

(1) £0 - £999

(2) £1000 - £1499
(3) £1500 - £1999
(4) £2000 - £2499
(5) £2500 - £2999
(6) £3000 - £3499
(7) £3500 - £3999
(8) £4000 - £4499
(9) £4500 - £4999
(10) over £5000
(11) prefer not to say

What is your ethnic group?

(1) White

(2) Black

(3) Asian

(4) Arabic

(5) Mixed/multiple ethnic groups
(6) Other ethnic group (free text)

What is your sexual orientation?

(1) Heterosexual or straight
(2) Lesbian

(3) Gay man

(4) Bisexual

(5) Queer
(6) Other (free text)
(7) Prefer not to say

Do you have any long-standing illness, disability or
infirmity? (Long-standing means anything that has
troubled you over a period of time or that is likely
to affect you over a period of time)?

(1) No
(2) Yes
(3) Prefer not to say
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Appendix 20. Policy recommendations

Understanding factors influencing the uptake of, and engagement with,
health and wellbeing apps

Findings of the PhD project jointly funded by the Public Health England and the University of
East Anglia (thesis submission date: 30 November 2021)

PhD student: Dorothy Szinay (University of East Anglia)

Supervisors: Dr Felix Naughton (University of East Anglia), Prof Andy Jones (University of East
Anglia), Dr Tim Chadborn (Public Health England), Prof Jamie Brown (University College London)

Multiple factors were identified across all components of the COM-B model and the constructs
of the Theoretical Domains Framework that may be valuable for the uptake of helath and
wellbeing apps and for the development of more engaging health and wellbeing apps.
Recommendations based on the findings may help app developers, health app portal
developers, and policy makers in the optimization of health and wellbeing apps.

Recommendations (based on the findings of the studies described in more detail below)

1. Increasing uptake

COM-B component Recommendations for policy makers, health app portal providers, app developers to
increase uptake
1. Capability 1.1. Improve app literacy skills, with a focus on older and marginalized

populations, and continue working toward reducing the digital divide (eg,
through the use of an outreach approach to target older, migrant, and
homeless populations).

1.2. Increase awareness of effective health apps and curated health app portals
through promotion online and offline in primary care, mass media, and
public spaces.

1.3. Provide guidance on how to use a health app portal (eg, through
incorporating an extensive help section) and additional physical and mental
health-related evidence-based papers.

1.4. Promote reduced cognitive load on curated health app portals (eg, through
the use of images and short app descriptions)

2. Opportunity 2.1. Ensure evidence-informed apps are available for free or at a low cost to
everyone.

2.2. Make apps available on all major app stores simultaneously.

2.3. Offer the possibility to tailor the health app portal to target certain
demographics (eg, apps for physical activity for women aged 60 years or
more).

2.4. Offer apps at low cost and provide explanation for those that require
referrals and justifications for the cost of paid apps on curated health app
portals.

2.5. Collaborate with interaction design experts and end users to enhance the
esthetics of health app portals.

2.6. Promote evidence-informed apps via trusted organizations and provide
information on how the apps were developed and tested.
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3.

2.

Motivation

Improving engagement

2.7.

3.1

3.2.

3.3.

3.4.

Encourage health professionals and practitioners of promotion of evidence-
informed health apps and health app portals.

Provide relevant and realistic titles and avoid general app descriptions.
Descriptions should be short but must contain details of what the app offers
and how it is able to help the user.

Provide pictures of the app (eg, screenshots) and avoid pictures that
promote an unrealistic body image.

Provide information about the accuracy and effectiveness of the app (eg,
details about development and developers) and how users’ data are
handled.

Take into account users’ emotions about certain features by constantly
involving the users in the development of health apps.

COM-B component

Recommendations for policy makers, health app portal providers, app developers to
improve engagement

4.

5.

6.

Capability

Opportunity

Motivation

4.1.

4.2.
4.3.
4.4.
4.5.

4.6.

5.1.

5.2.

5.3.

5.4.

5.5.

6.1.

6.2.

6.3.
6.4.

6.5.

6.6.

Provide user guidance on how to use an app, visual and/or numerical
summary of progress and evidence-based additional health information
related to the behaviour targeted by the app

Minimise time required to use app where possible

Provide customisable reminders that users could opt out

Provide the option of self-monitoring features

Promote safety-netting and relapse prevention features such as the
possibility to restart or reengage with the app later

Promote a routine for engagement with an app e.g. highlighting the role
that routine may play in effectiveness of an app

Collaborate with interaction design experts and end-users to enhance the
aesthetics of apps

Provide the possibility for community networking within the app and linking
to social media as an optional feature to share progress where appropriate
Offer the possibility for social competition and challenges where
appropriate

Consider the provision of embedded professional support, and if this is not
feasible, providing offline one-to-one support with the uptake of and the
engagement with health apps. This may improve motivational factors, such
as commitment, self-confidence and perceived competence of engaging
with a health app

We advise that exploration should be made for where engagement
enhancement could be made with appropriate and proportionate machine
learning and artificial intelligence or other forms of learning system.

Develop a time-efficient app that would require as much engagement as is
required to achieve the desired outcome. This might be different for
different behaviours

Include reinforcement in forms of feedback, encouraging messages and
rewards

Offer intangible rewards, such as certificates or badges

Offer tangible rewards that can be converted as discount in other places
(e.g. health insurance providers or pharmacies, sports parks)

Include goal setting as well as action planning features on how to achieve
set goals (when applicable)

Take into account user's emotions about certain features by involving users
in the development and update of health apps as lack of some features
could provoke strong negative emotions such as disappointment and might
lead to rapid disengagement
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1. Study 1. Systematic literature review of factors influencing the uptake of, and
engagement with, health and wellbeing apps

Summary

Across a wide range of populations and behaviours, 26 factors relating to capability, opportunity,
and motivation appear to influence the uptake of, and engagement with, health and wellbeing
smartphone apps.

Factors influencing both the uptake of and the engagement with health apps:

e App literacy - Technological competency
e User guidance - Instructions on how to effectively use the app

Factors influencing the uptake of health apps:

e App awareness - Knowledge of the existence of health and wellbeing apps

e Availability and accessibility - The ability to use a smartphone anytime anywhere
e Low cost - The price of the app

e Recommendations - Suggestions received from other users

e Curiosity - Desire to acquire knowledge and skills to use a behaviour change tool

Factors influencing the engagement with health apps:

e Health information - Educational information related to health and wellbeing aspects

e Statistical information - A visual or numerical summary of progress

o Well-designed reminders - The ability to customize reminders

e Less cognitive load - The app is not too time consuming, easy to use, and requires minimal
input

e Coping games - Distraction activities within the app

e Self-monitoring - The ability of the app to help self-regulation of the target behaviour

e Established routines - Regularity in using the app

e Safety netting - Safety netting

e Interactive and positive tone - Encouraging communication style

e Personalization to needs - The possibility to use an app that is tailored to a user’s needs

e Health practitioner support - Possibility to get in touch with health professionals and
practitioners within the app

e Community networking - Social interaction with users with similar needs within the app or
within their community

e Social media - A choice to connect to social media platforms

e Social competition - Competitive nature of the app with others or with themselves

e Personification of the app - Applying human attributes to the app

e Feedback - Feedback regarding the user’s performance

e Rewards - Tangible and intangible reward in response to the user’s effort

e Goal setting - Establishing what the user would like to accomplish

e Perceived utility of the app - Discrepancy of what the users are looking for and what the
app offers
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2. Study 2. Think aloud and interview study about the uptake of health apps in
general and on curated health app portals (PHE One You and the NHS Apps
Library)

Summary

The uptake of health and wellbeing apps appears to be primarily affected by social influences and
the perceived utility of an app. App uptake via curated health app portals perceived as credible
may mitigate concerns related to data protection and accuracy, but their implementation must
better meet user needs and expectations.

Factors influencing the uptake of health apps in general (unguided search for a health app)

e App literacy - Technological competency

e Health awareness - General health consciousness or having family members diagnosed
with a condition or disease or concerns regarding a behavior or health outcome

e App awareness - Knowledge of the existence of health and wellbeing apps

e Availability — The ability to use a smartphone anytime, anywhere; Availability of an app on
all major commercial app stores

e Cost of an app - Low cost and apps that are free for users

e Aesthetics - The look and design of an app

e Social influences (found as CORE factor) — The importance of reviews and ratings in the
commercial app stores and apps promoted as “editor’s choice”; Identifiable credible
sources: apps developed or endorsed by trusted app developers, organizations, or
universities or promoted by respected celebrities (eg, athletes); Recommendations
received from health practitioners or from friends and family

e Perceived competence - Apps preferred over face-to-face intervention when the user
feels that they can engage with the app on their own

e Time efficiency - The ability of a health app to be interacted with a minimum amount of
time

e The perceived utility of the app (found as CORE factor) — Discrepancies between what
users are looking for and what the app offers, characterized by a relevant title,
description, pictures, adaptation to individual characteristics, and users’ previous
experience with health apps

e Perceived accuracy — The perceived effectiveness of apps before the selection of an app

e Data protection - Concerns regarding the handling of personal data

e Commitment - The level of commitment when deciding to download a health app

e Social identity - Identity related to app use (eg, trends and gender specificity)

e Positive emotions - Triggered by curiosity in trying a health app, and by the time efficiency
characteristic of an app as opposed to face-to-face interventions, and being provided by a
credible source
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Negative emotions — Triggered by lack of availability on all major app stores; Preferred
over over a face-to-face intervention if feeling anxiety (eg, caused by an unhealthy
behavior or unhealthy state) and pressurized (to succeed or show progress)

Mixed emotions — Triggered by the aesthetics (design) of the apps and by adaptation to
individual characteristics (judged by the title, description, pictures, and gender specificity)

Factors influencing the uptake of health apps on curated health app portals (both PHE’s One you
Apps portal and the NHS Apps Library)

App awareness - Knowledge of the existence of health and wellbeing apps listed on health
app portals

User guidance - Instructions on how to effectively use a health app portal

Health information - Educational information related to health and wellbeing

Cognitive load — The manner in which apps are presented on the portal; The complexity of
the search or to access a relevant health app

Portal tailored to individuals’ needs - Personalized listing of apps targeting age, gender,
and health condition

Cost of an app - Low cost and apps listed on curated health app portals that are free for
users

Aesthetics - User-friendly and design-related characteristics of the portal

Social influences — Health app portals perceived as credible sources; Recommendations of
health app portals needed mainly in primary care; Clarity about the recommended apps
on health app portals; Explanations about any required GP referral

The perceived utility of the app — Discrepancies between what users are looking for and
what the app listed on health app portal offers, characterized by a relevant title,
description, and pictures

Perceived accuracy - Potential app users’ perceived effectiveness of apps listed on health
app portals

Data protection - Concerns over the handling of personal data

Social identity - Identity related to app use (eg, feeling like a “patient”)

Positive amotions - Triggered by curiosity in choosing a behaviour change tool from a
curated health app portal and from a credible source

Negative emotions - Triggered by lack of search features on the portal or when the search
yields irrelevant results; when an app requires GP referral without further explanation or
when an app is only available in one major app store

Mixed emotions - Triggered by the aesthetics and features of the portal and the perceived
utility of the apps

Citation for this research:
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3. Study 3. Interview research about the engagement with health apps

Summary

Engagement appears to be influenced primarily by features that provide user guidance, promote
minimal cognitive load and support self-monitoring (capability), provide embedded social support
(opportunity), and goal setting with action planning (motivation).

Factors influencing the engagement with health apps:

User guidance - Instructions on how to effectively use a health app

Statistical information - A visual or numerical summary of progress or quantification of
the behaviour

Health information - Educational information related to health and wellbeing aspects
Reduced cognitive load - The app is not too time consuming, easy to use and requires
minimal input

Reminders - Preferably customisable, notification-type messages

Self-monitoring - The ability of the app to support self-regulation of the target behaviour
Routines - The ability to support routine/habit formation

Safety netting - Retaining the app for a potential precipitating event in the future
‘Stepping stone’ - App as a first step in the behaviour change process

Tailoring - Innovative features and adaptability, and an interactive, two-way
communication between the app and user

Peer support - including social interaction with users with similar needs within the app or
within their community; a choice to connect to social media platforms, competitions and
challenges with others or with themselves

Social support - Possibility to contact health professionals and practitioners within the app
Self-confidence - Perceived capability to change one’s behaviour using an app

Goal setting - Establishing what the user would like to achieve

Action planning - Establishing how the user would like to achieve set goals

Commitment - The level of commitment while engaging with an app to change the
behaviour and achieve set goals.

Feedback - Feedback regarding the user’s performance

Rewards - Tangible (objects, discount, etc.) and intangible (badges, certificates, etc.)
rewards in response to the user’s effort; Gamification elements

Encouragement - Additional ways to provide reinforcement (e.g. encouraging messages)
Positive emotions - Triggered by included user guidance, statistical information, additional
health information, embedded professional support, community networking possibilities,
tracking features and rewards

Negative emotions - Triggered by lack of user guidance, invasive push-notifications,
cognitive overload, unrevealed in-app costs

Mixed emotions - Triggered by reminders (not universally found beneficial)

Citation for this research:

Szinay D, Perski O, Jones A, Chadborn T, Brown J, Naughton F. Perceptions of factors influencing
engagement with health and wellbeing apps: a qualitative study using the COM-B model and
Theoretical Domains Framework. Preprint. JMIR Preprints. 2021. Available at:
https://preprints.jmir.org/preprint/29098

292


https://preprints.jmir.org/preprint/29098

4. Study 4. Discrete Choice experiment investigating the uptake of smoking
cessation apps

Summary

This study found that uptake is more likely if smoking cessation apps have high star ratings, are

developed by a trusted organisation, includes screenshots, and is low cost.

Factors influencing the uptake of smoking cessation apps and their relative importance

e Relative to other attributes, a 4.8 star rating was the strongest driver of app uptake (mean
preference weight 2.18; 95% confidence interval [Cl] 1.94 to 2.43).

e Participants preferred an app developed by a trusted organisation (mean 0.90; 95% Cl
0.73 to 1.07) over a hypothetical company, that shows logo and screenshots (mean 0.30,
95% Cl 0.15 to 0.45) over logo only, and with a lower monthly cost (mean -0.4; 95% Cl -
0.44 to -0.37). App description did not influence preferences.

Factors influencing the engagement with smoking cessation apps (descriptive data only):

e Only around half of our participants were aware of smoking cessation apps, which
suggests that more work is needed to raise awareness of existing smoking cessation tools.

e Access to health information and a user guide of using the app would increase most
participants' engagement. The latter could be particularly important to those who
reported having limited app literacy skills.

e Less than half of the participants believed they would not want to use an app with
complex features.

e We previously found that reminders are mixed and could negatively influence behaviour
change by triggering cravings. However, in this study, we found that less than 40% on
average reported this being the case.

e Peer and professional support would further encourage engagement, although less than
half reported that failing to quit would lead to feelings of disappointment.

e Goal setting with action planning and rewards would facilitate engagement.
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