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Abstract 

There is an urgent need to develop novel, population-level interventions to support an 

increasing number of people living with type 2 diabetes (T2D) in Australia. The 

ubiquity and technological capabilities of smartphone apps make them ideal vehicles to 

provide T2D self-management support at the required intensity. However, low user 

engagement in real-world settings limits their impact. Thus, the overall aim of this 

research was to understand user engagement with T2D self-management apps and 

investigate strategies to improve their uptake. Consequently, this thesis addressed four 

research questions: 

1. What is the role of user engagement in the effectiveness of T2D self-management 

apps? 

2. What do people with T2D want from a self-management app? 

3. How do people with T2D engage with self-management apps in their everyday 

lives?  

4. Is an embodied conversational agent (ECA) delivering self-management support via 

an app acceptable to people with T2D?    

A mixed-methods approach was adopted, including a systematic review and data from 

two studies, 1) a national cross-sectional survey of Australian adults with T2D, and 2) a 

two-armed randomised controlled trial in a real-world setting, testing the efficacy of a 

T2D self-management app over 12 months of use. The findings are presented as four 

empirical reports within this thesis.  

A systematic review of user engagement with T2D self-management apps in trials that 

assess their  effectiveness was conducted (Chapter 3). An overall trend towards a dose-

response relationship between usage and effectiveness was observed. The review also 
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demonstrated that user engagement is operationalised ubiquitously as synonymous with 

the quantity of use. 

In the second study, responses to an open-ended question in a national survey of adults 

with T2D asking what they would want from a hypothetical ‘perfect’ T2D self-

management app were analysed (Chapter 4). The data suggest that automated, 

personalised diabetes coaching and assistance with the emotional aspects of diabetes 

management are likely to be valuable additions to T2D self-management apps.  

The third study (Chapter 5) used a qualitative approach to investigate the lived 

experiences of people with T2D using a self-management app for up to 12 months via 

their own devices. The findings indicate that perceived autonomy in self-management 

can influence user preferences for a T2D self-management app. This study also 

highlighted a role for health care professionals in initiating and sustaining engagement 

with T2D self-management apps.  

The final study used a survey and interviews to assess the acceptability of an ECA 

providing T2D self-management education and support via a T2D self-management app 

(Chapter 6). The results demonstrate that an ECA is an acceptable means to provide 

self-management support for people with T2D and may be especially suited to 

delivering diabetes-specific emotional support.  

The findings from this program of PhD research enhance our understanding of what 

matters to users of T2D self-management apps, what works for them and what translates 

to improvements in their health outcomes, all of which are necessary to improve 

engagement with and, therefore, the therapeutic impact of T2D self-management apps.  
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Chapter 1: Introduction 

This chapter presents the context and the rationale for this PhD program of research. The 

prevalence of type 2 diabetes (T2D) and its management is described. Additionally, the 

problem of insufficient support for T2D self-management is introduced.   

1.1 Diabetes and its complications 

Diabetes is a set of complex conditions caused by the body’s inability to produce or use 

insulin; the primary hormone responsible for blood glucose regulation. This resistance to 

insulin results in elevated blood glucose levels (hyperglycaemia). If left untreated, persistent 

hyperglycaemia can result in macrovascular and microvascular complications affecting the 

eye (retinopathy), kidneys (nephropathy), peripheral nervous system (neuropathy) and heart 

(coronary and peripheral artery disease) Baker IDI (2012); (Zimmet, Magliano, Herman, & 

Shaw, 2014). Over time, these complications can have serious consequences, including vision 

loss, kidney failure, limb amputations, stroke, or heart attack. For these reasons, diabetes is 

associated with a higher risk of premature mortality and morbidity (American Diabetes 

Association, 2020c; Baker IDI, 2012).  

There are several types of diabetes. Type 1 diabetes is an autoimmune condition characterised 

by the body’s absolute inability to produce insulin. On the other hand, T2D is characterised 

by relative insulin deficiency in the presence of peripheral insulin resistance. There are also 

other types, including gestational diabetes (arising during pregnancy), MODY, LADA and 

many others. In all types, genetic and environmental factors can result in loss of β-cell 

function, responsible for insulin production, resulting in persistent hyperglycaemia and 

consequently diabetes-related complications (American Diabetes Association, 2020c).  
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1.2 Incidence and prevalence of diabetes 

Diabetes is a significant global public health issue. The number of people living with diabetes 

has increased from 171 million to 463 million in the last twenty years, eclipsing previous 

estimates put forward by the International Diabetes Federation and the World Health 

Organisation (International Diabetes Federation, 2019a, 2019b; World Health Organisation, 

2016). It is now expected that by 2045, there will be 700 million people living with diabetes 

worldwide (International Diabetes Federation, 2019b). Additionally, it is estimated that one 

in every two people living with T2D remains undiagnosed (Cho et al., 2018). An unfortunate 

consequence of delayed diagnosis is delayed treatment. By the time they are diagnosed, many 

people may already have developed diabetes-related complications, further increasing the 

burden of the disease (Turner et al., 1991). The alarming numbers predict an epidemic growth 

in diabetes and the associated burden of care that require health systems worldwide to be 

adequately prepared to handle the issue.   

In recent years, diabetes-related expenditure has soared to unsustainable levels congruent 

with the increased incidence and prevalence of the condition (International Diabetes 

Federation, 2017). Worldwide, the annual direct costs of diabetes are estimated to be more 

than US$ 850 billion, predicted to reach US$ 958 billion by 2045 (Cho et al., 2018). In 

Australia, the annual direct costs of diabetes are estimated to be over AUD$6.5 billion 

(International Diabetes Federation, 2019b). Healthcare costs are twice as high for those with 

diabetes-related complications (AUD$9,645 to $16,698) as compared to those without 

complications (AUD$3,468 to $4,025) (Baker IDI, 2012). This increased financial burden 

adversely affects individuals, families, and healthcare systems (Lee et al., 2013). 

In Australia, approximately 5% of the population has diabetes. There are currently 1.4 million 

people living with diagnosed diabetes, including 1.24 million with T2D (National Diabetes 



3 
 

Services Scheme, 2021a). It is estimated that a further 500,000 people have undiagnosed, 

silent T2D (Baker IDI, 2012). By 2033, this number will double to 3.5 million people 

(Magliano et al., 2009). Indeed, more than 118,000 people have been diagnosed with diabetes 

in Australia in the 12 months to March 2021, compared to 101,000 in the 12 months to March 

2020 (National Diabetes Services Scheme, 2021b). 

The COVID-19 pandemic has highlighted how interruptions to routine care and shortages of 

health care resources can drive sub-optimal care for people living with chronic conditions, 

with some evidence suggesting that those with diabetes are at particular risk (Rubino et al., 

2020). Collectively, the effects of a pandemic can manifest as decreased healthcare 

utilisation, compromised psychosocial outcomes, increased incidence of diabetes-related 

complications and increased risk of morbidity and mortality in people with diabetes. 

(Campbell et al., 2020; Sacre et al., 2021; Skinner, Joensen, & Parkin, 2020). 

Although traditionally considered a condition associated with older adults, T2D is 

increasingly diagnosed in children and young people (Baker IDI, 2012). A combination of 

more time spent living with the condition and accelerated progression to diabetes-related 

complications exacerbates the condition’s impact on young people (Constantino et al., 2013; 

Gregg et al., 2014; Mayer-Davis et al., 2017). Thus, a larger, younger population living 

longer with T2D will require public health systems in Australia and worldwide to adapt to 

these changes in the coming years by increasing their capacity to provide adequate care to an 

increasing number of people with T2D (Gregg, Sattar, & Ali, 2016).  

In summary, the large and escalating burden of T2D on the economy, healthcare systems and 

individuals in Australia and worldwide highlights an urgent need to find ways to decrease the 

risk factors for diabetes and adequately diagnose, treat, and support those that are, and will 

be, living with the condition. Since diabetes-related complications are responsible not only 
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for most of the direct costs related to diabetes care but also a profound negative impact on a 

person’s quality of life, optimal management of diabetes is highly desirable at both an 

individual and a population level. Thus, there is an urgent need for cost-effective 

interventions that prevent or reduce the severity of diabetes-related complications that can be 

delivered at a population level (American Diabetes Association, 2020b).  

1.3 Management of type 2 diabetes 

Type 2 diabetes is a chronic, progressive, and currently incurable condition. However, 

considerable evidence suggests that maintaining optimal blood glucose levels can reduce the 

risk and slow the progression of diabetes-related complications (UK Prospective Diabetes 

Study Group, 1998). The American Diabetes Care and Education Specialists (ADCES) 

(formerly the American Association of Diabetes Educators) recommends seven daily self-

management activities, including blood glucose monitoring, medication taking, healthy 

eating, regular physical activity, problem-solving, reducing health risks and healthy coping 

for optimal T2D management (Tomky et al., 2008). Day-to-day management of blood 

glucose levels requires integrating multiple sources of health information, including food, the 

timing of meals, medication, duration and type of physical activity, stress, illness, mood, 

sleep, etc., to make sense of fluctuations in blood glucose levels and respond appropriately. 

Regular monitoring of clinical markers of diabetes, such as blood tests for glycosylated 

haemoglobin (HbA1c), lipid profiles and blood pressure, as well as routine eye health and 

foot health checks, are also necessary and add to the burden of T2D self-management (Coyle, 

Francis, & Chapman, 2013; Shrivastava, Shrivastava, & Ramasamy, 2013). The long-term 

aspects and nature of living with T2D are also challenging. These can involve dealing with 

diabetes-related complications, comorbidities, treatment intensification and coping with 

setbacks in management (Gregg et al., 2016; Gregg et al., 2014).  
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Successful self-management requires a person to go beyond managing the physical symptoms 

of the condition to also addressing the psychological and emotional aspects of T2D. 

Substantial evidence demonstrates that comorbid depressive symptoms, diabetes distress and 

perceived diabetes-related stigma are common issues among people with T2D (Browne, 

Ventura, Mosely, & Speight, 2013; de Groot, Golden, & Wagner, 2016; Perrin, Davies, 

Robertson, Snoek, & Khunti, 2017; Roy & Lloyd, 2012; Schabert, Browne, Mosely, & 

Speight, 2013; Skinner et al., 2020; Stuckey et al., 2014). Depression is twice as common in 

people with diabetes than it is in people without T2D (Ali, Stone, Peters, Davies, & Khunti, 

2006; Roy & Lloyd, 2012), and is associated with lower quality of life, suboptimal self-care 

behaviours and an increased risk of developing diabetes-related complications (Egede & 

Ellis, 2010; Egede, Ellis, & Grubaugh, 2009; Nouwen et al., 2019; Pouwer, Nefs, & Nouwen, 

2013; van Dooren et al., 2013). Furthermore, 36% of people with T2D experience diabetes-

related distress (Perrin et al., 2017), representing negative affect related to the day-to-day 

burden of living with diabetes (Skinner et al., 2020). These feelings are related to self-blame, 

frustration with perceived lack of control over the condition and worry about the 

consequences of having diabetes (e.g. diabetes-related complications) (Stuckey et al., 2014; 

Tanenbaum, Kane, Kenowitz, & Gonzalez, 2016). Finally, people with T2D experience 

diabetes-related stigma that can manifest as feeling judged, blamed or discriminated against 

because of their condition (Browne et al., 2013; Schabert et al., 2013; Stuckey et al., 2014). 

Diabetes distress and perceived stigma can present as barriers to self-management and are 

associated with adverse diabetes-related health and wellbeing (Schabert et al., 2013; Skinner 

et al., 2020). 

Thus, the practical and emotional aspects of T2D self-management can be demanding, 

complex and cognitively challenging and require consistently high motivation, emotional 

resilience, and problem-solving abilities. Consequently, optimal self-management requires 
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support that can adequately accommodate these varied and extensive needs. For example, 

people with T2D need access to information about the condition, available treatment options 

and guidance on making day-to-day management decisions. But they also need motivation 

and encouragement to initiate and sustain self-management routines and social and emotional 

support. Accordingly, the current guidelines from the American Diabetes Association 

recommend that people with diabetes have access to comprehensive, person-centred care, 

including collaborative decision making about treatments, initiation and monitoring of self-

management routines and holistic psychosocial care (American Diabetes Association, 2020a).  

1.4 Diabetes self-management education and support 

Face-to-face T2D self-management education programs can help initiate self-management 

routines and support coping with changes over the course of the condition (American 

Diabetes Association, 2020a; Chrvala, Sherr, & Lipman, 2016; Powers et al., 2017). 

However, despite the demonstrable benefits of these programs, including improved medical 

and psychosocial outcomes (Chrvala et al., 2016; Cochran & Conn, 2008; Steinsbekk, Rygg, 

Lisulo, Rise, & Fretheim, 2012), low attendance remains a critical impediment to their 

effectiveness (National Health Service, 2019; Strawbridge, Lloyd, Meadow, Riley, & Howell, 

2015; Weaver et al., 2014). Poor participation in these programs can partly be attributed to 

practical barriers (e.g. time, logistics and cost) and emotional barriers (e.g. fear of being 

judged) (Horigan, Davies, Findlay‐White, Chaney, & Coates, 2017; Schwennesen, 

Henriksen, & Willaing, 2016; Winkley et al., 2015), 

Furthermore, patient to health care professional (HCP) ratios are progressively worsening as 

the demand for T2D care increases (Iyengar, Wolf, Brown, & Close, 2016). Less than 20% of 

HCPs report having the necessary resources to provide adequate ongoing support for people 

with diabetes (Celeste-Harris & Maryniuk, 2006). These resource shortages are manifested as 
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gaps in care for people with T2D. For example, despite repeated calls for a greater focus on 

psychosocial care (Halliday, Hendrieckx, Beeney, & Speight, 2015; Jones, Vallis, & Pouwer, 

2015; Skinner et al., 2020; Speight, Hendrieckx, Pouwer, Skinner, & Snoek, 2019), people 

with diabetes report that their HCPs tend only to pay attention to medical management and do 

not understand or provide support for the emotional challenges inherent in managing diabetes 

every day (Litterbach, Holmes-Truscott, Pouwer, Speight, & Hendrieckx, 2020). 

Furthermore, people with T2D express their frustration with receiving generic self-

management advice from their HCPs about what to do rather than details on how to do it 

(Litterbach et al., 2020). Consequently, they describe difficulty implementing day-to-day 

self-management with little specific guidance (Halliday et al., 2015; Jones et al., 2015; 

Litterbach et al., 2020). This problem is compounded by the fact that a person with diabetes 

spends only a few hours in a year in consultation with their healthcare team (Al-Ubaydli, 

2011). Thus, people with T2D are required to engage in complex, challenging, burdensome 

and unrelenting self-management activities with little detailed advice or ongoing support 

(Beck et al., 2018; Chen, Farwell, & Jha, 2009). For these reasons, optimal self-management 

may be unachievable for many people with T2D, with subsequent detrimental impacts on 

health, wellbeing and mortality (Baker IDI, 2012; Bryant, Greenfield, Chisholm, & 

Campbell, 2006; Spann et al., 2006).  

The evidence suggests that providing adequate and ongoing self-management education and 

support is beyond the capacity of most health care systems (including Australia’s) and is not 

feasible in a face-to-face format for many people with T2D. Thus, more accessible, scalable 

alternatives to these current support options are needed urgently.  

1.5 The potential of smartphone applications to support type 2 diabetes 
self-management  

Significant technological advances in smartphone technology in recent years present a 
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potential opportunity to fill the gaps in the provision of intensive, ongoing self-management 

support for people with T2D (El-Gayar, Timsina, Nawar, & Eid, 2013). First, smartphones 

are widely available and increasingly ubiquitous, making them ideal platforms to deliver self-

management support at scale. Smartphone penetration has grown from 76% to 91% in 

Australia over the last six years, surpassing global trends (Deloitte, 2019). Also, up to one in 

four Australians already use smartphone apps to monitor their health and fitness, suggesting 

that they may be acceptable to the general population as a means to deliver health-related 

support (Deloitte, 2019). In addition, the advanced and ever-evolving technological 

capabilities of smartphones - including their connectivity, location sensors and processing 

power - make smartphones and smartphone applications ideal tools for complex self-

management activities (Ahn & Stahl, 2019). Finally, accessing content on-demand and in 

real-time from a smartphone is convenient because they are portable and usually accompany 

a person throughout the day (Park, Burford, Nolan, & Hanlen, 2016). Thus, the accessibility, 

acceptability, technological capabilities and convenience of smartphone apps may make them 

ideal vehicles to provide T2D self-management support at the required intensity. 

Consequently, there has been a sharp increase in the number of diabetes self-management 

apps in recent years, both available on the commercial app markets and examined in the 

scientific literature (Grand View Research, 2019; Hou et al., 2018; Research2Guidance, 

2017; Wu et al., 2018).  

1.6 Evidence for the efficacy of type 2 diabetes self-management apps 

Mounting evidence suggests that T2D self-management apps may be efficacious. Recent 

reviews and meta-analyses of randomised controlled trials examining the efficacy of T2D 

self-management apps have reported reductions in HbA1c.  

In 2018, Wu et al. (2018) conducted a meta-analysis of 17 trials of smartphone technologies 



9 
 

for T2D self-management, including (but not limited to) smartphone apps, with 2,225 

participants reporting an overall significant reduction in HbA1c of -0.51% (95% confidence 

interval, -0.30% to -0.71%; p<0.001). In addition, Hou et al. (2018) conducted a more 

focused review and meta-analysis of T2D smartphone apps. They reported that a pooled 

analysis of 10 trials and 851 participants revealed a mean reduction in HbA1c of -0.49% 

(95% confidence interval, -0.32% to -0.82%; p<0.01) compared with control groups.  

Less evidence exists for the impact of T2D self-management apps on other diabetes-related 

outcomes. In a meta-analysis of 2645 participants across 22 randomised controlled trials of 

T2D self-management apps, Aminuddin, Jiao, Jiang, Hong, and Wang (2021) reported 

improved self-efficacy (effect size = 0.98, p<0.001), self-care behaviours (effect size = 0.90, 

p<0.001), health-related quality of life (effect size = 0.26, p=0.01) and improvements in 

HbA1c (-0.55%, p<0.001) in the studies assessing these outcomes. Although promising, the 

evidence must be interpreted with caution considering the risk of bias of the included studies, 

generally attributed to the inability to conceal allocation, non-blinded participants and 

researchers, small sample sizes, short study durations and heterogeneity related to the content 

and delivery of interventions.  

1.7 The problem: low user engagement  

Despite some evidence for efficacy, trials of digitally delivered health interventions, 

including T2D self-management apps, commonly report that many users abandon the 

intervention for reasons that are not well understood (Garabedian, Ross-Degnan, & Wharam, 

2015; Holtz & Lauckner, 2012; Mulvaney, Ritterband, & Bosslet, 2011; Nelson, Coston, 

Cherrington, & Osborn, 2016). Thus, a fundamental barrier to users adopting health apps at 

scale is that they stop using them, even within the context of a randomised controlled trial 

(Druce, Dixon, & McBeth, 2019). A recent review estimated a 43% participant dropout rate 
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across studies evaluating self-management apps for chronic conditions, illustrating this 

problem (Meyerowitz-Katz et al., 2020). In 2005, Eysenbach recognised the rates of dropout 

related to online interventions as problematic. According to Eysenbach (2005), the ‘Law of 

Attrition’ describes how non-usage dropout should be considered separately from general 

trial dropout because it is related to the acceptability of the intervention to the individuals 

using it. He asserts that the higher than usual rates of attrition within the context of a digital 

intervention trial (e.g. compared to a more traditional pharmaceutical trial) are because the 

choice to engage with the intervention lies entirely in the hands of the individual using it 

(Eysenbach, 2005).  

The rates of abandonment are even higher outside controlled trial settings. For example, 

22.5% of participants completed the ‘Moodgym’ program, an online intervention for 

depression, when offered within the context of a trial. However, only 0.5% of the eligible 

participants completed the program when presented to them in a real-world setting, that is, for 

them to use in their own time (Christensen & Mackinnon, 2006). This reduced uptake 

suggests that greater user volition results in increased rates of abandonment.  Collectively, the 

evidence suggests that engaging users becomes a critical precursor to the success of any 

digital intervention. 

Although there have been repeated calls for more research investigating why users disengage 

with digital health interventions, in practice, low user engagement is rarely acknowledged as 

being problematic, and the reasons for disengagement are not investigated (Meyerowitz-Katz 

et al., 2020). Neglecting user engagement prevents the optimal use of digital health apps such 

as those for T2D self-management and limits the spread and sustainability of their use at a 

population level. Hence, understanding user engagement is central to improving the outcomes 

in trials of these apps (efficacy) and improving their actual impact in real-world use 
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(effectiveness). 

1.8 Understanding user needs and user experiences are key to improving 
engagement 

The evidence demonstrates that T2D self-management apps can be efficacious under 

controlled trial conditions. However, their effect has not translated into meaningful impact 

outside of these conditions. Survey-based studies consistently report that people with diabetes 

are enthusiastic about the idea of using diabetes self-management apps (Conway, Campbell, 

Forbes, Cunningham, & Wake, 2016; Stühmann et al., 2020; Trawley, Baptista, Browne, 

Pouwer, & Speight, 2017). Illustrating this point, in one study (N= 142), 70.1% of the 

participants (strongly) agreed with the statement: “A smartphone app to manage my diabetes 

would be a positive development”, and 54.9% (strongly) agreed with the statement: “I would 

prefer to use a smartphone app to manage my diabetes” (Conway et al., 2016). Nevertheless, 

this interest does not translate into actual use (Scheibe, Reichelt, Bellmann, & Kirch, 2015; 

Stühmann et al., 2020; Trawley et al., 2017). For example, an Australian national survey 

found that only 8% of 794 adults with T2D reported using diabetes-specific smartphone apps 

for self-management (Trawley et al., 2017). These low rates of adoption of diabetes-specific 

apps are observed consistently in other countries and settings (Research2Guidance, 2014a; 

Scheibe et al., 2015; Stühmann et al., 2020). Thus, although apps represent an opportunity to 

provide much-needed self-management support for people with T2D, their potential 

population-level impact is limited by low uptake in practice.  

Some of the reasons that people with T2D do not engage with self-management apps are that 

these apps do not meet their needs or are perceived to offer little benefit for the additional 

effort involved in using them (Brzan, Rotman, Pajnkihar, & Klanjsek, 2016; Katz, Dalton, & 

Price, 2015; Krebs & Duncan, 2015; Research2Guidance, 2014a, 2014b; Trawley et al., 

2017; Wei, Shupei, & Holtz, 2016). These findings are corroborated by participants who 
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describe having to use several non-diabetes specific apps simultaneously to manage T2D 

because of the limited functionality of individual apps (Kelly, Jenkinson, & Morley, 2018; 

Trawley et al., 2017). This evidence indicates that existing apps are not designed optimally 

and suggests that more research is required to understand what people with T2D need and 

want from self-management apps to improve user engagement. Exploring strategies to 

increase use, for example, developing a better understanding of what users want from T2D 

self-management apps, is thus necessary to translate the potential of T2D self-management 

apps into meaningful impact in the real world.  

Achieving widespread adoption of T2D self-management apps will require users to engage 

with them in the context of their everyday lives. This regular engagement is necessary 

because the ‘work’ of self-management occurs in the context of everyday life (Corbin & 

Strauss, 1985). However, engaging users in real-world settings is challenging, especially if 

engagement with the intervention does not fit seamlessly into their everyday life (Anhøj & 

Jensen, 2004; Christensen & Mackinnon, 2006; Meyerowitz-Katz et al., 2020). Consequently, 

in-depth exploration of users’ experiences with a T2D self-management app within the 

context of their lives is necessary to understand how apps are used in day-to-day self-

management. This knowledge can inform improvements that add value to a person’s self-

management routine by complementing their lifestyles and priorities and delivering support 

integrated into the fabric of their everyday lives (Yardley, Morrison, Bradbury, & Muller, 

2015). Thus, in addition to understanding their preferences for app content, investigating their 

experience using T2D self-management apps is also necessary to improve engagement with 

them. 
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1.9 The role of supplementary human support in improving engagement 

Mounting evidence substantiates the benefit of incorporating additional human support within 

an app-based T2D self-management intervention (Bonoto et al., 2017; Greenwood, Gee, 

Fatkin, & Peeples, 2017; Greenwood et al., 2014; Nelson et al., 2016; Pludwinski, Ahmad, 

Wayne, & Ritvo, 2016). However, providing human support at the required scale and 

intensity can be expensive and challenging to implement with a high degree of fidelity 

(Glasgow et al., 2010; Glasgow et al., 2012; Pludwinski et al., 2016).  

Potentially, one way to overcome the cost and implementation barriers associated with 

human coaching support in diabetes self-management apps is to use virtual support. 

Embodied conversational agents (ECAs) are “conversational virtual humans designed to 

build and maintain long-term social-emotional relationships with their users” (Bickmore & 

Picard, 2005). A key component of ECAs is that their embodiment as human-like virtual 

characters enables them to communicate with users realistically and familiarly, using speech, 

facial expressions and body movements. These conversational and relational abilities 

encourage the development of a social and working relationship with the user over time, 

enhancing the sustained engagement thought to be especially important in the context of self-

managing a chronic condition, such as T2D (Bickmore, Schulman, & Yin, 2010). Embodied 

conversational agents are a relatively new and compelling development in the health self-

management space. They are being used increasingly to deliver human-like support in 

various health interventions successfully, including physical activity promotion, delivery of 

hospital discharge instructions, medication adherence, fruit and vegetable consumption, heart 

rhythm disorders and mindfulness  (Bickmore, Schulman, & Sidner, 2013; Bickmore, 

Silliman, et al., 2013; Bickmore, Utami, Matsuyama, & Paasche-Orlow, 2016; Gardiner et 

al., 2017; Kimani et al., 2016; Provoost, Lau, Ruwaard, & Riper, 2017). Although initial 

evidence suggests that ECAs are acceptable and potentially enhance engagement through 
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increased user satisfaction, no information is available about their acceptability to deliver 

support for complex health interventions such as those supporting T2D self-management.  

1.10 Principles guiding this program of PhD research 

In summary, although T2D self-management apps can deliver much-needed self-management 

support, low user engagement in real-world settings has limited their impact to date. Thus, 

this research aims to understand user engagement and investigate strategies to improve the 

real-world uptake of T2D self-management apps.  

Until recently, management of T2D was guided by an acute, symptom-driven medical model, 

which relied upon the authority of health care professionals (Lutfey & Wishner, 1999; 

Rosenstock, 1985). The medical model also dominates empirical research on T2D self-

management apps, illustrated by a greater focus on clinical efficacy as compared to 

behavioural and psychosocial processes and outcomes, including user engagement (Cui, Wu, 

Mao, Wang, & Nie, 2016; Hou, Carter, Hewitt, Francisa, & Mayor, 2016; Hou et al., 2018; 

Wu et al., 2018), and the lack of user-centred research informing intervention development 

(Anderson, Burford, & Emmerton, 2016; Arnhold, Quade, & Kirch, 2014; El-Gayar et al., 

2013; Fu, McMahon, Gross, Adam, & Wyman, 2017; LeRouge & Wickramasinghe, 2013). 

This reliance on the medical model is problematic because it does not acknowledge the 

central role that the person with diabetes plays in managing their condition (Coyle et al., 

2013; Shrivastava et al., 2013; Tomky et al., 2008). Consequently, the limited utility and 

therapeutic impact of T2D self-management apps may be attributable to neglecting the views 

and experiences of people with T2D in the design, implementation and evaluation of these 

apps.  

In contrast to the medical model, the ‘empowerment’ model recognises that a person with 

diabetes has personal control of, and responsibility for, making self-management decisions, 
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and importantly, lives with the consequences of those decisions (Funnell & Anderson, 2004). 

At the core of the empowerment model is the premise that people with T2D need the skills, 

knowledge, and confidence to implement self-management effectively (Meetoo & Gopaul, 

2005). The empowerment model is a positive movement in many ways because it recognises 

that the ‘power’ is in the hands of people with diabetes, who are primarily required to self-

manage with little external support.  

However, shifting theoretical perspectives on care is not sufficient without accompanying 

functional changes that support it. For example, to be empowered to self-manage, people with 

T2D need empowering tools that support developing the skills, knowledge, and confidence 

necessary to facilitate meaningful improvements (Samoocha, Bruinvels, Elbers, Anema, & 

van der Beek, 2010). Although T2D self-management apps are well-positioned to provide 

empowering support, their focus has largely been limited to the monitoring of blood-glucose 

(Bellei, Biduski, Cechetti, & De Marchi, 2018), reflecting the medical model rather than a 

holistic approach aimed at increasing empowerment (Brew-Sam & Chib, 2019; Ye, Khan, 

Boren, Simoes, & Kim, 2018). To address this gap, the research presented in this thesis 

adopts the empowerment model. Practically, this means that the views and experiences of 

people with T2D fundamentally inform the research questions and methods in this thesis.   
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1.11 Scope and conceptual framework of this program of PhD research 

This program of PhD research is based on the logic model that improving the fit of T2D self-

management apps relies on understanding and addressing user needs and improving their user 

experiences. Improved experiences will increase user engagement with self-management 

apps and, enhanced engagement, in turn, will likely lead to more pronounced and lasting 

behaviour change and better health outcomes (Figure 1).  

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual framework of the PhD program of research 

To execute this logic model in line with the principles of empowerment, this program of PhD 
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apps. In the second study, the preferences of people with T2D of a self-management app were 

investigated to inform the design of future apps. Third, the real-world experiences of users of 

a T2D self-management app were explored to inform how the implementation of an app can 

be refined to fit into a person’s everyday life. Finally, the acceptability of an ECA used to 

provide self-management education and support to people with T2D via a self-management 

app was assessed to further inform the design and implementation of future apps.1 

 

  

 
1 The terms design, implementation and evaluation are used here as understood in the field of population health behaviour 
change interventions, rather than the field of Human Computer Interaction (HCI), which refers to these terms primarily in 
the context of the early design stages (Klasnja, Consolvo, & Pratt, 2011) 
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Figure 2: Schematic representation of research studies and chapters demonstrating how user input can be 

applied to the ‘life cycle’ of a T2D self-management app 
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1.12 Summary and approach in this thesis 

The progressive nature of T2D, its accelerating incidence and prevalence, limited tangible 

support for self-management, and the severe personal and economic impacts of diabetes-

related complications highlight the need for improved population-level strategies to provide 

adequate self-management support. T2D self-management apps can be implemented to 

deliver support at the required scale and intensity, with an extensive reach. However, poor 

user engagement is a critical barrier that needs to be addressed before the potential of T2D 

self-management apps can be fully realised.  

Thus, this PhD program of research aimed to generate new knowledge about user 

engagement with T2D self-management apps and investigate strategies that could improve 

engagement and real-world uptake. Consequently, four specific research questions were 

addressed as follows:  

• Research question 1: What is the role of user engagement in the effectiveness of T2D 

self-management apps? 

• Research question 2: What do people with T2D want from a self-management app? 

• Research question 3: How do people with T2D engage with self-management apps in 

their everyday lives?  

• Research question 4: Is using an embodied conversational agent to deliver self-

management support via an app acceptable to people with T2D?    
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Chapter 2: Literature review 

This chapter introduces the prevalent definitions of user engagement and critiques the 

evidence for an association between user engagement and effectiveness. In addition, the 

existing literature on user preferences of, and user experiences with, type 2 diabetes 

(T2D) self-management apps and embodied conversational agents (ECAs) is reviewed. 

Knowledge gaps are identified wherever relevant, and the chapter concludes with a 

summary of the direction of research in this thesis.  

Since this PhD program of research commenced in 2015, there has been a considerable 

volume of published literature on user engagement, user preferences and experiences 

with T2D self-management apps and the application of ECAs to various health 

interventions. These include reviews (Hou et al., 2018; Laranjo et al., 2018; Nelson, 

Coston, Cherrington, & Osborn, 2016; Perski, Blandford, West, & Michie, 2017), cross-

sectional surveys (Adu, Malabu, Malau-Aduli, & Malau-Aduli, 2018; Boyle, Grainger, 

Hall, & Krebs, 2017; Conway, Campbell, Forbes, Cunningham, & Wake, 2016), 

qualitative research (Adu, Malabu, Malau-Aduli, et al., 2018; Burford, Park, Carpenter, 

Dawda, & Burns, 2016; Burford, Park, & Dawda, 2019; Desai, Levine, Albers, & 

Mamykina, 2018; Jeffrey et al., 2019; Kelly, Jenkinson, & Morley, 2018; Pal et al., 

2018; Petersen & Hempler, 2017; Turchioe, Heitkemper, Lor, Burgermaster, & 

Mamykina, 2019) and studies reporting on user engagement scale development (Perski 

et al., 2020). The appropriate literature has been incorporated into this chapter and cited 

in the publications within this thesis.  

2.1 User engagement with type 2 diabetes self-management apps 

2.1.1 Prevalent concepts of user engagement 

The construct of user engagement in the context of technology use is not new. In 2008, 
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O'Brien and Toms proposed a definition of user engagement that incorporated 

theoretical constructs from the field of Human-Computer Interaction (HCI) (O'Brien & 

Toms, 2008). These constructs included flow, which represents a state in which a user is 

entirely immersed in an activity; aesthetics, which highlights the importance of the 

visual and experiential aspects of technology; and interaction with the system, which 

represents the characteristics of a user, the technology, and the context within which it is 

used (Chapman, 1997; Chapman, Selvarajah, & Webster, 1999; Nakamura & 

Csikszentmihalyi, 2014). According to this definition, user engagement is subjective 

because it is intrinsically determined by the individual's experience and dynamic 

because it involves a process of initial engagement, ongoing engagement, 

disengagement, and re-engagement (O'Brien & Toms, 2008). Although this work 

represents a seminal step forward in the theoretical understanding of engagement, the 

definition was designed to capture online shopping and web-browsing experiences 

(O'Brien & Toms, 2010). Arguably, engagement with these activities is not as 

complicated or consequential as engagement with an app for the self-management of a 

long-term chronic condition (such as T2D), suggesting that a more relevant definition is 

needed.  

In contrast to O'Brien and Toms’ (2008) subjective view, user engagement is 

predominantly conceptualised to be synonymous with usage in digital health behaviour 

change intervention research. Metrics of use, including duration and frequency, are 

commonly used to characterise engagement (Guertler, Vandelanotte, Kirwan, & 

Duncan, 2015) and associations with outcomes (Glasgow et al., 2011). However, 

assuming that usage is synonymous with engagement within the context of a self-

management app is problematic. This is because interpreting usage as engagement in 

the absence of additional contextual information is susceptible to misinterpretation and 
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may not represent meaningful engagement. For instance, usage metrics cannot provide 

insights into what users do when they are not using an app. Hypothetically, a person 

using a T2D self-management app may change their behaviour (eat more fruits and 

vegetables) between sessions, but usage metrics alone will not reveal this information. 

This between-session behavioural information is especially pertinent when assessing 

user engagement with apps focused on self-management because behaviour change is a 

critical mechanism of action that can positively impact health outcomes (Free et al., 

2013). 

Furthermore, cessation of use does not necessarily represent a lack of, or reduced, effect 

but may instead indicate progress towards, or achievement of, the desired health goal. 

For example, some participants using the NewLeaf app to quit smoking stopped using 

the app when they had achieved their goal, but others stopped using the app because 

they were unsuccessful in their attempt to quit (Smith, Ploderer, Wadley, Webber, & 

Borland, 2017). In this instance, usage data alone did not differentiate between those 

who achieved their goals and those who did not. These examples illustrate why usage 

alone is insufficient to capture the nature of user engagement. Thus, in addition to 

usage, the subjective experience of a user, providing insights into their behaviour, is 

also essential to consider.  

Recently, Perski et al. (2017) conducted an interpretive synthesis of the definitions of 

user engagement prevalent across the HCI and health behaviour change literature. This 

review represents the first systematic attempt to define user engagement as a concept 

relevant to digital health behaviour change interventions. Their synthesised definition of 

user engagement incorporated both an objective component: the extent of usage (e.g. 

amount, frequency, duration, and depth) and a subjective component (e.g. attention, 
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interest, and affect). This comprehensive definition was the first to combine both 

objective and subjective aspects of user engagement, potentially overcoming some 

limitations of previous approaches favouring either one or the other. However, since 

their work is relatively recent, Perski et al.’s (2017) definition has not been widely 

studied or applied in practice. 

2.1.2 Associations between user engagement and effectiveness 

Many researchers implicitly assume that a dose-response relationship exists between 

user engagement and effectiveness, suggesting that greater engagement leads to better 

health outcomes (Bickmore, Schulman, & Yin, 2010; Eysenbach, 2005). Anecdotal 

evidence supporting this dose-response view comes from a study involving a pregnancy 

app, where greater use resulted in more pre-natal visits and a reduction in low birth 

weights (Bush, Barlow, Echols, Wilkerson, & Bellevin, 2017). However, user 

engagement in this study was operationalised as the frequency of app use, and the 

authors did not measure a subjective component of engagement. In contrast to these 

findings, greater user engagement with a gout app (Gout Central), measured by the user 

version of the Mobile Application Rating Scale (Stoyanov, Hides, Kavanagh, & Wilson, 

2016; Stoyanov et al., 2015), did not report improvements in self-care behaviours and 

illness perceptions following increased engagement (Serlachius et al., 2019). The 

contradictory findings from Serlachius et al. (2019) may be attributable to the measure 

used, which was initially designed to assess the quality of an app and may have limited 

applicability to evaluating user engagement (Baptista, Oldenburg, & O'Neil, 2017; 

Stoyanov et al., 2016; Stoyanov et al., 2015).  

Early reviews investigating user engagement with digital interventions for chronic 

conditions, including those delivering diabetes self-management support, reported a 
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lack of user engagement data (Mulvaney, Ritterband, & Bosslet, 2011; Schubart, 

Stuckey, Ganeshamoorthy, & Sciamanna, 2011). Nelson et al. (2016) published a 

narrative review describing the operationalisation of user engagement with digitally 

delivered T2D self-management interventions and any reported associations with health 

outcomes. The included studies incorporated a wide variety of interventions, including 

mobile text messages and mobile phone calls (k= 13), online interventions (k= 9) and 

smartphone apps (k= 2). Some examples of how user engagement was operationalised 

include the number of text messages responded to, the number of log-ins or webpages 

viewed and the number of blood-glucose uploads. Without exception, user engagement 

was operationalised as usage in the included studies, and there was substantial 

heterogeneity in how usage was reported. Nevertheless, seven out of the 24 included 

studies reported a dose-response relationship between user engagement and a range of 

outcomes, including reductions in hospital visits, improvements in glycosylated 

haemoglobin (HbA1c), lipid profiles, self-management behaviours and diabetes distress. 

Only two studies incorporating smartphone apps were included in the review. User 

engagement with these apps was operationalised as the number of times the app was 

used (Wood, Alley, Baer, & Johnson, 2015), and the number of keystrokes and blood 

glucose uploads (Tatara, Årsand, Bratteteig, & Hartvigsen, 2013; Torbjornsen et al., 

2014). Neither of the studies incorporating apps investigated links between user 

engagement and health outcomes.  

Nelson et al.’s (2016) review is significant because it is the first to narratively report on 

a potential relationship between user engagement and health outcomes, specifically in 

the context of digital interventions for T2D. However, the heterogeneity of the included 

studies pre-empted a robust confirmation of a dose-response relationship between user 

engagement and effectiveness. The review also had several other quality issues that 
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limit the reliability of the findings. First, a systematic search strategy was not applied, 

and only one database (PubMed) was searched. Second, most of the included studies 

were not randomised controlled trials, and quality or risk of bias assessments were not 

conducted, pre-empting a gauge of the quality of the evidence. Third, the authors did 

not specify a definition of user engagement. Instead, user engagement was assumed to 

be synonymous with usage, which, as previously discussed, is problematic (Section 

2.1.1). Fourth, studies that did not report glycaemic outcomes (just reported 

psychosocial outcomes) were excluded from the review. Psychosocial outcomes are 

consequential in their own right (Litterbach, Holmes-Truscott, Pouwer, Speight, & 

Hendrieckx, 2020) but are also essential to consider because of their impact on the 

clinical management of diabetes (Pouwer, Nefs, & Nouwen, 2013; Schmidt, van Loon, 

Vergouwen, Snoek, & Honig, 2018; Young-Hyman et al., 2016). Finally, and most 

importantly, the two studies in the review utilising smartphone apps did not investigate 

a link between user engagement and effectiveness. Thus, given the increase in the 

number of T2D self-management apps developed in recent years (Aminuddin, Jiao, 

Jiang, Hong, & Wang, 2021), an update of Nelson et al.’s (2016) review is warranted to 

address these limitations and investigate the current state of the evidence.  

2.2 User perspectives of type 2 diabetes self-management apps   

Based on the principles of empowerment, designing engaging apps requires a thorough 

understanding of the functions that people with T2D find useful (Brew-Sam & Chib, 

2019; Funnell & Anderson, 2004; Meetoo & Gopaul, 2005). Accordingly, this section 

reviews the current literature exploring user perspectives on T2D self-management 

apps. 

When this research was conceived in 2015, only one cross-sectional quantitative study 
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(Dobson & Hall, 2015) and one qualitative study addressed the preferences of people 

with T2D and self-management apps (Scheibe, Reichelt, Bellmann, & Kirch, 2015). 

Since then, the field has developed considerably, with the publication of an additional 

nine relevant studies (Adu, Malabu, Malau-Aduli, et al., 2018; Boyle et al., 2017; 

Conway et al., 2016; Jafari, Moonaghi, Zary, & Masiello, 2016; Jeffrey et al., 2019; 

Petersen & Hempler, 2017; Turchioe et al., 2019; Wei, Shupei, & Holtz, 2016). 

Consequently, the body of literature reviewed in this chapter includes three cross-

sectional observational studies (Boyle et al., 2017; Conway et al., 2016; Dobson & Hall, 

2015), seven qualitative studies using interviews (k= 3) (Jafari et al., 2016; Jeffrey et al., 

2019; Scheibe et al., 2015), focus groups (k= 3) (Pal et al., 2018; Turchioe et al., 2019; 

Wei et al., 2016), or both (k= 1) (Petersen & Hempler, 2017), and one mixed-methods 

study combining findings from a cross-sectional survey and semi-structured interviews 

(Adu, Malabu, Malau-Aduli, et al., 2018).  

The research was conducted in various countries, including Australia, Canada, 

Denmark, Germany, Iran, New Zealand, Scotland, the UK, and the US. Participants 

were also recruited from diverse settings, including general practices, hospital outpatient 

clinics, pharmacies, national research databases, patient health records, diabetes 

education classes, diabetes organisation websites, online diabetes forums and support 

groups and social media. Study sample sizes ranged from 44 to 139 respondents for 

cross-sectional survey studies, whilst interview studies involved six to 30 participants. 

Three out of four cross-sectional survey studies and one interview study included 

participants with type 1 diabetes (T1D) and T2D (Adu, Malabu, Malau-Aduli, et al., 

2018; Boyle et al., 2017; Conway et al., 2016; Scheibe et al., 2015). Moreover, certain 

qualitative interview studies focused on the viewpoints of selected sub-samples of 

participants, including those from rural and remote regions (Jeffrey et al., 2019; Wei et 



44 
 

al., 2016), older adults (Scheibe et al., 2015), and individuals from a Latino and low-

income urban community (Turchioe et al., 2019).  

The cross-sectional survey studies used various methods to compile a list of features 

that were subsequently included as items in the questionnaire. Dobson and Hall (2015) 

developed a list of ‘diabetes issues’ in their survey from the self-management areas 

specified within the Problem Areas in Diabetes questionnaire (Polonsky et al., 1995). 

These included diet and physical activity planning, reminders, tracking blood glucose 

levels and communicating with health care professionals (HCPs) and peers. Adu, 

Malabu, Malau-Aduli, et al. (2018) compiled their list of ten potential app features from 

a previous systematic review that reported on development considerations of apps for 

people with T1D or T2D (Adu, Malabu, Callander, Malau-Aduli, & Malau-Aduli, 

2018). Their review included randomised controlled trials, quasi-experimental or pre-

post studies of apps that reported changes in glycosylated haemoglobin (HbA1c) or 

blood glucose levels as a primary outcome. In the third cross-sectional study, authors 

put together feature lists from existing apps on the Apple app store, using the search 

term “glucose tracker” (Conway et al., 2016). Finally, Boyle et al. (2017) also used the 

first ten consecutive apps on the Apple and Android app stores that were deemed 

relevant to create their list of features.  

Likewise, participants in three interview studies were presented with exemplar apps or 

websites to guide discussions about their preferences. Scheibe et al. (2015) asked 

participants to test the OnTrack Diabetes and Glukose Monitor apps. Similarly, the 

focus group facilitator in Wei et al.’s (2016) study introduced participants to four apps 

(Glucose Buddy, mySugr, MyFitnessPal, and MapMyWalk) prior to the main discussion. 

Finally, in another focus group study, participants were given 90 minutes to explore 
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three pre-determined, accredited diabetes self-management websites (Pal et al., 2018).  

The following section presents a critical synthesis of the findings from this body of 

literature exploring what people with T2D want from a self-management app. The 

quality of the evidence is appraised, and issues that warrant further research are 

highlighted.  

2.2.1 Tracking, visualising and sharing diabetes-related data 

A recurring theme across the literature reviewed was that a T2D self-management app 

should facilitate the tracking and visualisation of diabetes-related data. The types of data 

that participants wanted to track included blood glucose, food, weight, physical activity, 

medications, stress, sleep and well-being (Adu, Malabu, Malau-Aduli, et al., 2018; 

Boyle et al., 2017; Conway et al., 2016; Dobson & Hall, 2015; Jeffrey et al., 2019; Pal 

et al., 2018; Scheibe et al., 2015; Wei et al., 2016). Qualitative studies in the reviewed 

literature provide additional insights into the potential benefits of tracking and viewing 

diabetes-related data. Visual representations of multiple data sources on one screen were 

helpful because they illuminated potential causal links between blood glucose levels and 

other factors, such as food. In addition, viewing historical data and trends were 

purported to be valuable tools to maintain an overview of management over time (Wei 

et al., 2016). Participants in other interview studies explained how viewing blood 

glucose readings, diet, physical activity, stress, sleep, and well-being increased their 

health awareness and motivation because they could see the impact of changes to self-

management routines in real-time (Jeffrey et al., 2019; Petersen & Hempler, 2017; 

Scheibe et al., 2015). Collectively, these findings are supported by qualitative research 

exploring the perspectives of people with T2D, that suggests that monitoring of blood 

glucose can make an ‘invisible’ condition more ‘visible’, increasing knowledge and 
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accountability (E. Peel, Odette Parry, Margaret Douglas, & Julia Lawton, 2004a).  

The research also demonstrates that in addition to what is tracked, how it is tracked and 

visually represented is pertinent. Studies indicate that people with T2D prefer simple, 

explicit and information-rich designs that use colours and words effectively to convey 

meaning. For instance, a traffic light representation of blood glucose levels with colours 

(green, orange and red), representing readings within and outside of a pre-set range, and 

words such as “stop” or “go” were preferred over numerical representations of data 

(Desai et al., 2018; Scheibe et al., 2015). Furthermore, structured data displays, such as 

graphs, tables and charts, have been linked to more significant reductions in HbA1c in 

trials of diabetes self-management apps (p=0.05), demonstrating their value (Izahar et 

al., 2017). Despite these clear advantages, very few currently available apps can 

represent data visually (Arnhold, Quade, & Kirch, 2014; Brzan, Rotman, Pajnkihar, & 

Klanjsek, 2016).  

Finally, participants were also keen to simplify how data was collected. Participants 

across multiple studies expressed their preference for automatic uploading of data from 

connected devices over manual data entry (Adu, Malabu, Malau-Aduli, et al., 2018; 

Jeffrey et al., 2019; Wei et al., 2016). The significant time and effort involved with 

manual data entry represent a major deterrent to the uptake of T2D self-management 

apps (Katz, Dalton, & Price, 2015; Wei et al., 2016). The requirement to enter data 

manually has also been linked to lower reductions in HbA1c and higher rates of 

abandonment when compared with apps that had automatic uploading functions (Brzan 

et al., 2016; Izahar et al., 2017). Thus, not only does automating data collection improve 

the quantity and quality of data collected, but it is also more convenient, increasing user 

satisfaction and continued engagement (El-Gayar, Timsina, Nawar, & Eid, 2013; 
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Vaghefi & Tulu, 2019). Although the benefits of automating data entry seem apparent, 

most available T2D self-management apps are limited to manual data entry (Arnhold et 

al., 2014; Bellei, Biduski, Cechetti, & De Marchi, 2018; Chomutare, Fernandez-Luque, 

Årsand, & Hartvigsen, 2011; Eng & Lee, 2013; Izahar et al., 2017).  

In addition to tracking diabetes-related data for personal use, some participants wanted 

to share tracked data with HCPs via an app (Wei et al., 2016). Reasons for wanting to 

share data included accessing additional self-management support, motivation, and 

feedback (Jafari et al., 2016; Pal et al., 2018; Turchioe et al., 2019). Substantial 

evidence indicates that T2D self-management apps are more effective when additional 

support from HCPs is incorporated (Bonoto et al., 2017; Drincic, Prahalad, Greenwood, 

& Klonoff, 2016; El-Gayar et al., 2013; Greenwood, Gee, Fatkin, & Peeples, 2017; 

Muralidharan, Ranjani, Anjana, Allender, & Mohan, 2017). One systematic review and 

meta-analysis comparing apps incorporating feedback from HCPs and health coaches to 

those with no additional feedback reported that reductions in HbA1c were only 

significant for the former (Cui, Wu, Mao, Wang, & Nie, 2016). Despite the potential 

benefits of increased connectivity with HCPs, less than a third of apps offer the ability 

to send collected data to any third party (Arnhold et al., 2014).  

A final, but important finding from the qualitative literature, is that some people with 

T2D struggle with interpreting, analysing, and applying insights from data collected via 

an app. For instance, participants in one study were confused by mock-ups of graphs 

and trends of diabetes-related data over time. Their confusion persisted even after an in-

depth explanation of what the figures represented was provided to them. As a result, 

they expressed reluctance in making independent decisions about changes to self-

management, preferring instead to leave the decision making to their HCP (Turchioe et 
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al., 2019). Previous qualitative research has shown that reviewing multiple sources of 

health information, and applying these to the complex and frequent decision making 

that is involved in the daily self-management of T2D, can be cognitively challenging 

because numerous factors can impact day-to-day and moment-to-moment fluctuations 

in blood glucose (Chen, 2010; Katz, Price, Holland, & Dalton, 2018; Peel, Douglas, & 

Lawton, 2007). The implication is that T2D self-management apps that facilitate the 

tracking of diabetes-related data may not be helpful unless this feature is accompanied 

by added assistance in collating, interpreting and applying the information to self-

management decision making (Choe, Lee, Lee, Pratt, & Kientz, 2014; El-Gayar et al., 

2013; Greenwood et al., 2017).  

Overall, the literature reviewed demonstrates that although tracking multiple sources of 

diabetes-related data and visualising them are capabilities that people with T2D want in 

a self-management app, there are challenges related to collecting, interpreting, and 

sharing data requiring further consideration. 

2.2.2 Diabetes information and education 

Appropriate diabetes education and information were consistently emphasised as critical 

features within a T2D self-management app (Adu, Malabu, Malau-Aduli, et al., 2018; 

Jafari et al., 2016; Jeffrey et al., 2019; Petersen & Hempler, 2017; Scheibe et al., 2015). 

Diabetes education was among the top two app features in a cross-sectional survey, 

including 139 people with T2D (Conway et al., 2016). Participants requested 

information about causes of diabetes, available treatments and their potential side 

effects, self-management goals, healthy food choices, being active, navigating the 

healthcare system and pregnancy (Dobson & Hall, 2015; Pal et al., 2018). Rather than 

generic information on what to do, participants expressed a preference for detailed, 
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specific information on how to do it (Pal et al., 2018). For example, instead of general 

advice on increasing physical activity, participants in Pal et al.’s (2018) study were keen 

to learn about the specific benefits of physical activity and receive recommendations 

about the types of activities they could undertake. Similarly, participants in other 

qualitative studies report wanting explicit nutritional advice, such as recommendations 

about healthier food substitutions, new and appealing recipe ideas and suggestions on 

how to make healthier choices when eating out (Adu, Malabu, Malau-Aduli, et al., 

2018; Petersen & Hempler, 2017; Scheibe et al., 2015; Wei et al., 2016). Finally, it was 

also recommended that the information within a T2D self-management app be delivered 

in a non-judgemental and non-patronising manner (Pal et al., 2018; Wei et al., 2016). 

Appropriate diabetes education and information are widely accepted as cornerstones of 

diabetes management (American Diabetes Association, 2020). Yet, people with diabetes 

express dissatisfaction with the information they receive from their health care team, 

and only a fraction participate in face-to-face diabetes education programs (Horigan, 

Davies, Findlay‐White, Chaney, & Coates, 2017; Litterbach et al., 2020; National 

Health Service, 2019; E. Peel, O. Parry, M. Douglas, & J. Lawton, 2004b; Strawbridge, 

Lloyd, Meadow, Riley, & Howell, 2015; Weaver et al., 2014). Collectively, the 

reviewed literature suggests that apps might help mitigate some of these issues by 

improving access to diabetes information and education in a convenient format (Jeffrey 

et al., 2019). Nevertheless, numerous reviews report that only a few T2D self-

management apps provide any relevant educational content (Arnhold et al., 2014; Brzan 

et al., 2016; Chomutare et al., 2011; El-Gayar et al., 2013; Izahar et al., 2017), 

suggesting that more research is needed to bridge this gap. 
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2.2.3 Emotional and psychological support 

The desire for emotional and psychological support was another common theme 

reported across the relevant literature. Many respondents (63.2%) in Dobson et al.’s 

(2015) cross-sectional survey reported feeling burned out by the demands of diabetes 

self-management, and a significant number of participants reported having difficulties 

coping with complications related to diabetes (55.3%). Similarly, participants in Pal et 

al.’s (2018) study emphasised needing help dealing with the constant burden of self-

management and accompanying strong negative emotions, including depression, 

frustration, guilt and anger. Finally, interviews and workshops with people who had 

received a recent diagnosis of T2D suggested that assistance with managing stress was 

critical after diagnosis (Petersen & Hempler, 2017). Emotional and psychological 

support, or the lack thereof, can have severe consequences for psychological well-being 

and diabetes-related health outcomes (Egede, Ellis, & Grubaugh, 2009; Lin et al., 2010; 

Nouwen et al., 2019; Pouwer et al., 2013; Schabert, Browne, Mosely, & Speight, 2013; 

van Dooren et al., 2013; Winkley et al., 2015). Consequently, psychosocial support is an 

essential part of care for people with diabetes (Speight, Hendrieckx, Pouwer, Skinner, & 

Snoek, 2019; Young-Hyman et al., 2016). Nevertheless, T2D apps are limited to 

facilitating the practical aspects of diabetes management, such as data tracking. Only 

one app out of 65 provided the ability to record stress levels in one review (Brzan et al., 

2016). None of the apps reviewed more recently offered support for dealing with 

psychosocial issues (Wu et al., 2017). This exclusive focus on the medical management 

of the condition may reflect the entrenched belief that biomedical health outcomes are 

more consequential than psychosocial outcomes (Speight et al., 2019). Clearly, more 

research is needed to understand how T2D self-management apps can effectively 

provide crucial psychosocial support to people with T2D.  
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2.2.4 Personalisation and ease of use 

The reviewed literature also highlighted the importance of an app personalised to the 

individual using it. The ability to add notes to blood glucose readings, customise 

acceptable ranges for blood glucose levels, alter the frequency and timing of reminders 

and set individualised health goals based on tracked data were some examples of 

personalisation requested by participants (Adu, Malabu, Malau-Aduli, et al., 2018; 

Scheibe et al., 2015; Wei et al., 2016). Tailoring of feedback based on user input (e.g. 

basing feedback on blood glucose readings reported by the user) has been linked to 

improvements in engagement with mobile and online interventions for T2D (Nelson et 

al., 2016). Potentially, the incorporation of personally relevant information within an 

app acts as an added incentive, increasing motivation to devote more time and attention 

to it (Short, Rebar, Plotnikoff, & Vandelanotte, 2015). To date, several reviews have 

established that personalisation (of feedback within an app) can result in more 

significant improvements in HbA1c (Greenwood et al., 2017; Greenwood et al., 2014; 

Hou, Carter, Hewitt, Francisa, & Mayor, 2016; Saffari, Ghanizadeh, & Koenig, 2014). 

Nevertheless, very few existing apps use personal data to make recommendations, 

including the ability to add notes to blood-glucose readings or have personalised 

educational content (Arnhold et al., 2014; Bellei et al., 2018; Brzan et al., 2016; 

Chomutare et al., 2011; Fu et al., 2019). Thus, the literature highlights the need for more 

research to understand how T2D self-management apps can be personalised to suit their 

users.  

Finally, participants across three interview studies emphasised that an app needs to be 

technically sound, intuitive to use, easy to navigate, have pleasing interfaces and 

incorporate easy to read fonts and appropriate contrast levels (Jeffrey et al., 2019; 

Scheibe et al., 2015; Wei et al., 2016). Previous reviews have reported that mobile 
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health apps that were simple, self-explanatory, and visually appealing had favourable 

feedback from people with T2D. On the other hand, apps with unintuitive navigation, 

limited functionality and interoperability, complex screen layouts, and requiring manual 

data entry were undesirable (Arnhold et al., 2014; Fu, McMahon, Gross, Adam, & 

Wyman, 2017). T2D self-management app usability ratings are generally low (Fu et al., 

2017). Only 4/42 (10%) of reviewed apps had an acceptable usability score 

(Demidowich, Lu, Tamler, & Bloomgarden, 2012). Collectively, the evidence suggests 

that although it is widely accepted that ease of use is key to improving engagement, 

there are gaps that remain in our understanding of how to make apps more user friendly 

(Birkhoff & Smeltzer, 2017).  

2.2.5 Appraising the strengths and limitations of the literature   

Overall, one of the strengths of the studies reviewed is that they were conducted across 

a range of countries and settings. Consequently, they represent a broad spectrum of 

views of people with T2D. Furthermore, a combination of cross-sectional surveys and 

qualitative research, including in-depth interviews and focus group studies, were used to 

address this topic in the literature. While the survey-based studies represented the views 

of larger samples of respondents, the qualitative research studies were complementary 

in that they added depth and explanatory value to the findings.  

However, the studies also had several methodological limitations related to the study 

design and samples that must be noted. First, all the included cross-sectional surveys 

used a pre-determined list of potential T2D self-management app features. For example, 

Dobson and Hall (2015) utilised the Problem Areas in Diabetes scale to develop the 

self-management items in their survey. While this approach has the advantage of being 

grounded in a validated measure, the survey items were limited to the concepts within 
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the scale items (diet and physical activity planning, reminders, tracking blood glucose 

levels and communicating with HCPs and peers). Consequently, although over half of 

the respondents expressed difficulty in coping (55.3%) and feeling burned out by 

diabetes management (63.2%), these items were not included in their survey, 

demonstrating that their approach prevented the discovery of unmet T2D self-

management needs that an app could assist with. Adu, Malabu, Malau-Aduli, et al. 

(2018) devised their list of ten features from a previous systematic review (Adu, 

Malabu, Callander, et al., 2018). While this ensured that the list of features was 

evidence-based, the review only included studies reporting glycaemic management. The 

exclusion of studies assessing psychosocial outcomes may also have potentially 

excluded features that support the psychosocial needs of people with T2D, limiting the 

comprehensiveness of the findings. Finally, the studies conducted by Conway et al. 

(2016) and Boyle et al. (2017) used feature lists compiled from existing apps on the 

Apple and Android app stores. This reliance on existing apps is problematic because, as 

illustrated by numerous reviews, currently available apps are limited in their 

functionality and do not meet the needs of users (Arnhold et al., 2014; Chomutare et al., 

2011; Fu et al., 2017; Katz et al., 2015; Trawley, Baptista, Browne, Pouwer, & Speight, 

2017).  

Similarly, some of the interview studies presented participants with exemplar apps or 

websites chosen by the researchers (Pal et al., 2018; Scheibe et al., 2015; Wei et al., 

2016). This dependence on existing apps and websites could have potentially limited a 

free discussion about novel features that were not included in these interventions but 

may have appealed to participants. Thus, studies utilising less limited response options 

are needed to corroborate the current findings and uncover novel app preferences.  
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The interview studies also had other shortcomings related to the samples used. Three 

interview studies included participants with T1D and T2D and did not distinguish 

between the two groups regarding their desired features (Adu, Malabu, Callander, et al., 

2018; Jafari et al., 2016; Scheibe et al., 2015). Although there are some similarities 

between these groups, differences in the aetiology, treatment options, and disease 

progression of T1D and T2D suggest that these groups may have disparate preferences 

(Brzan et al., 2016; Trawley et al., 2017). Furthermore,  other studies represented the 

views of select segments of the population of people with T2D, including older adults 

(Scheibe et al., 2015), those living in rural and remote areas (Jeffrey et al., 2019; Wei et 

al., 2016) and people from racial minorities, reporting a low income (Turchioe et al., 

2019). While these studies have the advantage of exploring people's views that are often 

not represented in the literature, research with larger, more representative samples is 

needed to verify the transferability of the findings from these interview studies.  

To date, only two known studies have been conducted in Australia. One mixed-methods 

study employed an international survey of people with T1D and T2D conducted across 

Australia, Europe, Asia, and the US (Adu, Malabu, Malau-Aduli, et al., 2018). Only 

61.8% (n= 134) of the cross-sectional survey sample and six out of 16 interview 

participants in Adu et al.’s (2018) study had T2D. The other was an interview study 

involving only nine participants from rural areas of Australia (Jeffrey et al., 2019). 

Thus, more local, contemporary research with larger samples of Australian adults with 

T2D is needed to address the gaps that remain in the current evidence base.  

2.2.6 Summary and directions for future research  

In summary, the existing evidence suggests that tracking, visualising and sharing 

diabetes-related data, access to diabetes information, emotional and psychological 
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support, personalisation, and ease of use are desirable functions and attributes in a T2D 

self-management app. Although some user-centred research has been conducted, the 

results require further study and replication. Studies investigating user perspectives are 

limited in quantity and quality, with small, non-representative sample sizes and limited 

response options being the principal quality issues. Thus, more robust research with 

larger Australian samples and less restricted response options is necessary to determine 

what people with T2D want from a self-management app.  

2.3 User experiences with type 2 diabetes self-management apps 

In line with the empowerment model, T2D self-management apps should be designed 

and implemented to maximise their benefit to the user and easily integrate them into 

their everyday lives. Thus, qualitative research assessing users’ experiences is critical to 

gain insights into how T2D self-management apps are used and what impact they have 

on self-management. Accordingly, the user experience research reviewed in this chapter 

included four individual interview-based studies (Kelly et al., 2018; Pludwinski, 

Ahmad, Wayne, & Ritvo, 2016; Torbjørnsen, Ribu, Rønnevig, Grøttland, & Helseth, 

2019), two studies utilising online surveys with open-ended responses (Burford et al., 

2016; Burford et al., 2019; Petersen & Hempler, 2017) and another two that 

incorporated a combination of questionnaires, focus groups and individual semi-

structured interviews (Årsand, 2009; Arsand, Tatara, Østengen, & Hartvigsen, 2010; 

Tatara, Årsand, Bratteteig, et al., 2013; Tatara, Årsand, Skrøvseth, & Hartvigsen, 2013). 

Three studies (represented as five publications) were conducted on the Few Touch app 

(Årsand, 2009; Arsand et al., 2010; Tatara, Årsand, Bratteteig, et al., 2013; Tatara, 

Årsand, Skrøvseth, et al., 2013; Torbjørnsen et al., 2019), one used a prototype of an 

app developed based on previous stages of user input (Petersen & Hempler, 2017). A 

third used a smartphone app with health coach support (Pludwinski et al., 2016). 
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Burford et al. (2016, 2019) gave their participants access to an iPad with seven pre-

installed apps and two website links. Finally, Kelly et al. (2018) did not use a particular 

app but rather interviewed experienced users of web and mobile-based T2D self-

management technologies. Apart from one study (Petersen & Hempler, 2017), all the 

others required participants to access the intervention on new, unfamiliar devices on-

loan for the duration of the study. Participants were exposed to the intervention for 

between 5-12 months, except in one study where they only used the app for four weeks 

(Petersen & Hempler, 2017). One of these studies was conducted in Australia (Burford 

et al., 2016; Burford et al., 2019), with the others in Norway (Årsand, 2009; Arsand et 

al., 2010; Tatara, Årsand, Bratteteig, et al., 2013; Tatara, Årsand, Skrøvseth, et al., 

2013; Torbjørnsen et al., 2019), Canada (Pludwinski et al., 2016), Denmark (Petersen & 

Hempler, 2017) and the UK (Kelly et al., 2018). Sample sizes ranged from 11-28 

participants. The following section summarises and critiques some of the key findings 

from this literature while highlighting areas where more research is needed.  

2.3.1 Establishing self-management routines 

The findings from the user experience research reviewed expand on the conclusions of 

the research reported in the previous section on user preferences by elaborating on how 

apps potentially impact self-management. Participants across numerous studies said that 

the tracking and visualisation of multiple sources of data (e.g. blood glucose, food and 

physical activity) resulted in increased moment-to-moment awareness of their health 

status (Burford et al., 2016; Burford et al., 2019; Kelly et al., 2018; Petersen & 

Hempler, 2017; Pludwinski et al., 2016). For example, the ability to visualise a 

particular unusual blood glucose reading in real-time resulted in immediate awareness 

and prompted a process of problem-solving. Participants talked about engaging in a 

“mapping” exercise by scanning food and activity data and making connections 
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between these and blood glucose (Burford et al., 2019). Insights gained from 

understanding the relationship between a specific action and its consequence resulted in 

an immediate behaviour change. One participant reported eating more “mindfully” 

when they noticed how the nutrition content of some foods impacted their blood glucose 

(Burford et al., 2016). In this example, the added benefit of the app was described as 

specific awareness resulting from reviewing structured, personally relevant, fine-grained 

data as opposed to a general understanding of diabetes status resulting from clinical test 

results and consultations with HCPs (Burford et al., 2019). 

Consequently, intuitive and informative visualisations of data were vital in identifying 

trends and prompting self-reflection (Petersen & Hempler, 2017). In line with other 

user-centred research presented previously (Section 2.2.1), participants reported “visual 

feedback” to be much more potent than data represented as raw numerical information 

(Burford et al., 2019). Over time participants talked about how they could translate 

moment-to-moment insights into new knowledge and lasting enhancements to self-

management routines based on iterative refinements (Kelly et al., 2018). In addition to 

making changes, the tracking features of apps helped maintain an overview of 

management over time, and in some cases, as a reality check, identifying the need to 

“get back on track” from time to time (Burford et al., 2019; Torbjørnsen et al., 2019). 

Together, these studies suggest that apps can assist with self-management by increasing 

awareness of moment-to-moment changes and facilitating an overview of management 

over time.  

2.3.2 The psychological impact of using a self-management app 

A further benefit of making meaningful connections between tracked data and 

implementing successful changes was a perceived sense of personal achievement 
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(Burford et al., 2019). Over time, being able to ascribe explanations to unusual readings 

was reassuring, with participants across multiple studies describing feeling more in 

control of their self-management (Årsand, 2009; Arsand et al., 2010; Burford et al., 

2016; Burford et al., 2019; Kelly et al., 2018). Participants attributed the enhanced 

feeling of control to the ability to “know” rather than “guess” at the impact of specific 

behaviours on self-management (Burford et al., 2016). In addition, the reviewed 

research also suggests that the experience of using a T2D self-management app 

successfully can enhance mental wellbeing for some people who report feeling more 

cheerful, motivated, proud of their accomplishments, satisfied with their progress, 

optimistic about the future and less anxious about their self-management (Burford et al., 

2016; Burford et al., 2019; Kelly et al., 2018). In one study, participants using a self-

management app reported improved self-efficacy (92%) and greater confidence in self-

management (91%), providing preliminary support for the psychosocial benefits of 

using a T2D self-management app (Berman et al., 2018). A related finding was that 

positive feedback from an app was linked to higher levels of motivation (Årsand, 2009; 

Arsand et al., 2010; Kelly et al., 2018; Tatara, Årsand, Bratteteig, et al., 2013; Tatara, 

Årsand, Skrøvseth, et al., 2013). As an illustration, participants who received a smiley 

face emoji when they met their nutrition goal explained how this visual feedback gave 

them a sense of accomplishment (Årsand, 2009; Arsand et al., 2010). Over time, the 

authors report that positive feedback led to the maintenance of new behaviours even 

after app use had ceased and that this maintenance was moderated by motivation.  

In contrast, other participants have admitted to feeling anxious and frustrated by 

unexpectedly high readings, concerned about how “perfect” their management needed 

to be and stressed about the constant vigilance that using an app required (Pludwinski et 

al., 2016; Tatara, Årsand, Bratteteig, et al., 2013; Tatara, Årsand, Skrøvseth, et al., 
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2013; Torbjørnsen et al., 2019).  Furthermore, participants conveyed how data 

collection and interpretation could be time-consuming, demanding, cognitively 

challenging and draining because it required so much sustained effort (Torbjørnsen et 

al., 2019).  

These conflicting findings across the literature imply that although the advantages of 

using an app are clear for some people, an app may not be beneficial without additional 

psychosocial support and may instead have unintended harmful consequences. Careful 

consideration through more research is needed to understand the range of emotions 

people experience when using a T2D app for self-management and how to best deal 

with these.  

2.3.3 Diabetes information and education 

Across the literature, participants acknowledged easy access to diabetes information as 

beneficial in several ways (Burford et al., 2016; Burford et al., 2019; Kelly et al., 2018). 

Participants in one study talked about how easy access to recipe ideas helped them plan 

healthy meals (Burford et al., 2016) and how being able to check the nutritional content 

of a meal eaten at a restaurant in real-time enabled them to make informed choices 

(Kelly et al., 2018). Consistent with previously discussed user-centred research (Section 

2.2.2), diabetes information was most beneficial when specific and succinct. As an 

example, participants in one study wanted detailed information explaining the 

difference between HbA1c and blood glucose presented clearly and concisely (Kelly et 

al., 2018). New and regularly updated content was also reported as being important. 

Participants in the Few Touch studies disengaged with the app when they felt that they 

were not learning anything new, illustrating this point. Subsequent feedback suggested 

that they may have continued using the app if it had continued to be updated with 
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additional information (Tatara, Årsand, Bratteteig, et al., 2013; Torbjørnsen et al., 

2019).  

People with T2D consistently divulge having unmet informational needs, especially 

immediately after diagnosis (Jeon & Park, 2019; Peel et al., 2004b). An improved 

understanding of the disease may lead to acceptance and initiation of self-management 

(Burford et al., 2016; Kelly et al., 2018). Google and similar search engines are 

increasingly used to find information related to chronic conditions such as T2D (Hesse 

et al., 2005). However, information seeking via the internet is a daunting task. Some of 

the problems associated with online information-seeking include navigating through an 

overwhelming volume of available content and identifying pertinent material from a 

plethora of irrelevant, inaccurate, inconsistent, misleading or malicious information 

(Burford et al., 2016; Lee, Hoti, Hughes, & Emmerton, 2014). Currently, limited 

evidence exists for the effectiveness of technology-based interventions that provide 

diabetes information (Or & Tao, 2014). Collectively, the evidence presented suggests 

that to be useful, diabetes information and education should be specific, clear, current 

and accessible in real-time. Further user experience studies are necessary to ascertain 

the types and attributes of information people with T2D find valuable and engaging.  

2.3.4 The role of external support 

Finally, an important theme that emerged from the reviewed literature was related to 

external support. Participants described the convenience of asking questions related to 

self-management when needed as being a considerable advantage when communicating 

with their health care team via an app (Pludwinski et al., 2016). The available evidence 

suggests that health coach support is a highly valued feature in a T2D self-management 

app. Health coach support via an app was highly rated by more participants (94%) than 
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data tracking (73%) and diabetes information (78%) (Kumar, Moseson, Uppal, & 

Juusola, 2018). A potential explanation for this choice comes from qualitative studies 

where participants using apps incorporating support from health coaches reveal how the 

perceived presence of a supportive ‘other’ made them feel like someone was looking 

after them. This feeling of being cared for persisted in between app sessions, even when 

they were not in direct contact with their coach (Pludwinski et al., 2016). In addition to 

enhancing the clinical aspects of self-management, participants explained how 

communicating their ‘struggles’ with a health coach via an app helped them feel more 

positive and reduced the perceived burden of self-management (Pludwinski et al., 

2016). As a result, participants recounted feeling less alone, more supported, and more 

accountable to their coaches. Collectively, the reviewed literature suggests that access to 

additional human support via an app improves the experience of using it by increasing 

the perception of continuous care and ongoing emotional support. However, despite 

potential benefits, providing human support within an app at the required intensity can 

be expensive and challenging to implement with a high degree of fidelity (Glasgow et 

al., 2010; Glasgow et al., 2012; Pludwinski et al., 2016). Thus, more research is needed 

to explore cost-effective ways to incorporate additional human support into a T2D self-

management app.  

The literature reviewed also suggested that people with T2D value HCP involvement in 

their use of an app but do not ask for it (Torbjørnsen et al., 2019). Some participants 

indicated that an ideal introduction to an app would have been for their HCP to 

recommend it, discuss the benefits of using it and assist with downloading and setting it 

up (Petersen & Hempler, 2017). Furthermore, participants described potential benefits 

from ongoing collaboration with their HCPs as receiving support with the interpretation 

of data and learning opportunities through the provision of additional feedback 
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(Torbjørnsen et al., 2019). Furthermore, participants talked about how being able to 

guide/introduce a discussion about personally relevant issues related to self-

management could be empowering (Kelly et al., 2018). For example, in one study, a 

participant sought advice on maintaining self-management routines when travelling 

because their data tracking app had highlighted this as an issue (Burford et al., 2019). 

However, although the desire to collaborate with HCPs in using self-management apps 

was clearly expressed, participants did not introduce the topic for discussion in practice. 

They hesitated because they didn’t think their HCP would be interested in discussing an 

app or incorporating it into clinical consultations (Torbjørnsen et al., 2019).  

2.3.5 Appraising the strengths and limitations of the literature  

Foremost among the strengths of the reviewed literature is the relatively long exposure 

to the interventions (ranging from 5-12 months), which allowed for the longitudinal 

exploration of users’ experiences and the impact of app use over time. Of note is the 

series of studies investigating users’ experiences with the Few Touch app. In addition to 

assessing experiences with an earlier and subsequently more advanced version of the 

app at three separate timepoints, the studies used a variety of methods (interviews and 

focus groups) and unique samples of adults with T2D, thereby representing one of the 

most comprehensive, longitudinal investigations of users’ experiences with a T2D self-

management app to date (Årsand, 2009; Arsand et al., 2010; Tatara, Årsand, Bratteteig, 

et al., 2013; Tatara, Årsand, Skrøvseth, et al., 2013; Torbjørnsen et al., 2019).  

However, a significant limitation in these and other studies is that participants were 

required to use the app on a device they were not familiar with, on loan for the duration 

of the study (Årsand, 2009; Arsand et al., 2010; Pludwinski et al., 2016; Tatara, Årsand, 

Bratteteig, et al., 2013; Tatara, Årsand, Skrøvseth, et al., 2013; Torbjørnsen et al., 
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2019). Even with extensive training and support, participants expressed frustration at 

learning how to use the unfamiliar device and a clear preference for using their own 

phones. For many, the only reason they persisted with using both devices is that they 

felt obligated to do so due to being part of a study (Torbjørnsen et al., 2019). The 

widespread adoption of T2D self-management apps requires users to engage with them 

on their personal devices. As smartphones become increasingly ubiquitous, more 

research is needed to understand users’ experiences of T2D self-management apps 

installed on their own devices.  

Another related shortcoming is that participants in multiple studies received generous 

additional assistance with downloading and using apps. Participants in Pludwinski et 

al.’s (2016) study received substantial support on using the app from a health coach. 

Furthermore, participants using the Few Touch app received in-person training a 

manual and phone-based technical support (Torbjørnsen et al., 2019). Finally, Burford 

et al. (2016, 2019) provided participants with extensive face-to-face training on setting 

up the device, individual consultations on how to use the apps on the device and 

additional online support for the duration of the study. The drawback of providing this 

type of intensive technological support is that the findings from these studies may not 

easily translate to real-life settings, where a person with T2D is required to download 

and use an app with little to no additional support. Thus, further investigation of users’ 

experiences in natural settings without substantial technological support is needed to 

address this issue.  

A further limitation of the body of literature on users’ experiences is that it only 

includes two standalone smartphone apps (Årsand, 2009; Arsand et al., 2010; Tatara, 

Årsand, Bratteteig, et al., 2013; Tatara, Årsand, Skrøvseth, et al., 2013; Torbjørnsen et 
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al., 2019), one of which was a prototype (Petersen & Hempler, 2017). Other 

interventions comprised a group of apps and websites on a smart device (Burford et al., 

2016; Burford et al., 2019) and an app supplemented by intensive health coaching 

(Pludwinski et al., 2016). The final study did not evaluate a particular app but rather 

assessed the experiences of users who had extensive experience with T2D self-

management apps (Kelly et al., 2018). Thus, the heterogeneity of the intervention 

components and the lack of robust research on users’ experiences of standalone T2D 

self-management apps are weaknesses that must be addressed with further research.  

Finally, the average sample size of the included studies was 14 participants (range: 11-

28). In the context of qualitative research, small sample sizes are acceptable because of 

the richness of the data that results from this approach. However, more research is 

needed to incorporate a wider variety of viewpoints for a more comprehensive 

understanding of users’ experiences, primarily since many studies used opportunistic 

sampling. Torbjørnsen et al. (2019) recruited participants sequentially as they 

completed the program. In another study, participants were recruited based on 

recommendations from HCPs (Burford et al., 2016; Burford et al., 2019). Finally, Kelly 

et al. (2018) only recruited participants with extensive experience using diabetes-related 

websites, which may not represent the general population of people with T2D. A further 

consideration is that the participants across the included studies were likely to be highly 

motivated. By way of illustration, in one study, participants were recruited from a 

“motivation group” of people with T2D (Tatara, Årsand, Bratteteig, et al., 2013). 

Consequently, their views may not be representative of those from the general 

population of adults with T2D.  
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2.3.6 Summary and directions for future research  

T2D self-management apps can enhance self-management by increasing awareness of 

moment-to-moment changes and facilitating an overview of management over time, 

providing real-time diabetes information and external support. Whilst there is some 

evidence that using an app can build confidence, the literature also highlights potential 

negative emotional consequences of using an app that include an increased burden of 

management and frustration or stress related to undesirable readings. The handful of 

studies investigating the user’s experiences have significant limitations, including 

requiring the use of unfamiliar devices (with substantial additional technical support) to 

access the app and samples that were potentially skewed towards more motivated, 

experienced participants. Finally, the only Australian study did not use a standalone app 

but instead incorporated several apps and websites on a tablet that was loaned to 

participants for the duration of the study (Burford et al., 2016; Burford et al., 2019). 

Thus, more Australian-specific research, incorporating purposive sampling techniques 

to recruit a variety of participants using apps on their personal devices without 

substantial external assistance, are necessary to address some of the identified 

limitations, thereby corroborating the findings and adding to the existing evidence base.    

2.4 Evaluating the acceptability of embodied conversational agents   

Using embodied conversational agents (ECAs) to deliver intensive human-like support 

via a T2D self-management app could potentially ameliorate some of the feasibility 

issues associated with human coaching support. However, a limited understanding of 

the acceptability of ECAs, and the factors that impact it, present potential barriers to 

their uptake. Due to the nascent nature of the field, there has been no known study, to 

date, that has explored the acceptability of an ECA delivering self-management support 

for people with T2D. Thus, the literature review informing the work in this thesis was 
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expanded to include qualitative or mixed methods studies assessing the acceptability of 

ECAs for other health conditions or health behaviour change interventions. Thus, the 

consolidated findings from the literature investigating the acceptability of ECAs within 

various health interventions are discussed, and questions that remain about their utility 

in providing T2D self-management support are highlighted.  

A total of 12 studies were reviewed, assessing the acceptability of eight ECAs targeting 

physical activity, fruit consumption and sun protection (Bickmore, Caruso, & Clough-

Gorr, 2005; Bickmore, Gruber, & Picard, 2005; Bickmore & Picard, 2005; Bickmore, 

Schulman, & Sidner, 2013; Bickmore, Schulman, et al., 2010; Bickmore, Silliman, et 

al., 2013; Sillice et al., 2018), mindfulness (Gardiner et al., 2017), dementia (Stara et al., 

2021), suicidal ideation (Martínez-Miranda et al., 2019), hospital re-admissions 

(Bickmore, Pfeifer, et al., 2010) and arterial fibrillation (Bickmore et al., 2018; Kimani 

et al., 2016). Most of these assessed ECA acceptability using semi-structured interviews 

with participants (k= 10) (Bickmore, Caruso, & Clough-Gorr, 2005; Bickmore, Gruber, 

et al., 2005; Bickmore et al., 2018; Bickmore, Schulman, et al., 2013; Bickmore, 

Schulman, et al., 2010; Bickmore, Silliman, et al., 2013; Gardiner et al., 2017; Kimani 

et al., 2016; Martínez-Miranda et al., 2019; Sillice et al., 2018; Stara et al., 2021). The 

remaining two studies (Bickmore, Pfeifer, et al., 2010; Bickmore & Picard, 2005) used 

the Working Alliance Inventory (Horvath & Greenberg, 1989), a validated measure 

developed to gauge the collaborative relationship between a ‘helper’ and the person 

being helped. Nearly all the studies were categorised as pilot or feasibility studies (k= 

11) (Bickmore, Caruso, & Clough-Gorr, 2005; Bickmore, Gruber, et al., 2005; 

Bickmore et al., 2018; Bickmore, Pfeifer, et al., 2010; Bickmore & Picard, 2005; 

Bickmore, Schulman, et al., 2013; Bickmore, Schulman, et al., 2010; Gardiner et al., 

2017; Kimani et al., 2016; Martínez-Miranda et al., 2019; Stara et al., 2021). Studies 
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utilising questionnaires generally reported larger samples (n= 84) (Bickmore & Picard, 

2005), (n= 143) (Bickmore, Pfeifer, et al., 2010), while Interview sample sizes ranged 

from eight participants (Bickmore, Caruso, & Clough-Gorr, 2005) to 34 participants 

(Sillice et al., 2018). The duration of exposure to the ECA was typically between four to 

eight weeks (k= 9) but varied considerably between studies, ranging from a single 30-

minute session (Bickmore, Pfeifer, et al., 2010) to up to 12 months of regular interaction 

(Sillice et al., 2018). Finally, an assortment of devices was used to access the ECA, 

including desktop or laptop computers with ECA software pre-installed or accessed via 

the internet (k= 6), study-provided smart devices (k= 3), personal smartphones (k= 2) 

and kiosks (k= 1).  

2.4.1 The potential impact of an embodied conversational agent on engagement   

The rationale for using an ECA is that their embodiment as a human-like virtual 

character allows them to communicate with users in a realistic way, using speech, facial 

expressions, and body movements to enhance social connection and trust, and thereby 

enhancing engagement (Bickmore, Caruso, Clough-Gorr, & Heeren, 2005). 

Collectively, the literature supports this premise and suggests that the incorporation of 

an ECA promoted engagement with interventions in various ways (Bickmore, Caruso, 

& Clough-Gorr, 2005; Bickmore, Gruber, et al., 2005; Bickmore et al., 2018; Gardiner 

et al., 2017; Sillice et al., 2018). For instance, participants across multiple studies 

reported high levels of satisfaction with the ECA (Bickmore, Caruso, & Clough-Gorr, 

2005; Bickmore, Silliman, et al., 2013; Gardiner et al., 2017; Kimani et al., 2016; Sillice 

et al., 2018). Moreover, several positive adjectives were used to describe ECAs, 

including “friendly” (Bickmore, Caruso, & Clough-Gorr, 2005; Stara et al., 2021), 

“personable” (Bickmore, Caruso, & Clough-Gorr, 2005; Bickmore et al., 2018), 

“reliable” (Gardiner et al., 2017) “user-friendly”, “entertaining” and “interactive” 
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(Sillice et al., 2018). In one study, the ECA was reported to be the “favourite” 

component of the intervention (Sillice et al., 2018). Finally, two studies demonstrated 

that an ECA successfully developed a working relationship with users (Bickmore, 

Pfeifer, et al., 2010; Bickmore & Picard, 2005). Thus, the literature supports the 

hypothesis that an ECA can improve engagement with a health intervention. Although 

the results are promising, to date, this premise has not been tested in the context of T2D 

self-management.  

2.4.2 The potential impact of an embodied conversational agent on behaviour 

change  

Another relevant theme across the literature was the direct or indirect impact of the 

ECA on promoting health behaviour change. ECAs were noted as being “informative”, 

“knowledgeable” (Bickmore et al., 2018; Sillice et al., 2018) and  “credible” (Gardiner 

et al., 2017) in interventions involving information provision. These characteristics were 

observed to enhance the trustworthiness of the information, which in addition to 

immediate access to it, was empowering.  

Participants across multiple studies also discussed how interacting with the ECA 

impacted them in ways that prompted them to change their behaviour (Bickmore, 

Gruber, et al., 2005; Gardiner et al., 2017; Sillice et al., 2018). For example, 80% of 

participants receiving an intervention aimed at increasing daily steps agreed that the 

ECA helped them walk more by increasing their motivation (Bickmore, Silliman, et al., 

2013). In another study, participants expressed how the ECA reminded them to walk 

every day, with some saying that if it were not for the ECA, they would not have 

“anybody else” reminding them to do so. Consequently, participants in this study 

increased daily steps by 215% (Bickmore, Caruso, & Clough-Gorr, 2005). Several 

participants communicated that the presence of the ECA made them feel looked after. 
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ECAs were also regarded to be “reassuring”, “supportive” and “comforting” 

(Bickmore et al., 2018), as a “virtual pal” who made them feel better about themselves 

(Sillice et al., 2018) and offered the ability to “connect” with “someone” (Bickmore et 

al., 2018). There were reports of ECAs being favoured to actual humans because they 

were less intimidating and less judgemental (Bickmore, Schulman, et al., 2013), which 

made it easier for participants to share issues or setbacks and feel less guilt about not 

achieving all their goals (Bickmore, Gruber, et al., 2005; Sillice et al., 2018). For these 

reasons, some participants revealed that they were more likely to heed the advice given 

from an ECA than from an actual human (Sillice et al., 2018). Finally, participants 

receiving guidance about stress management and mindfulness via an ECA reported 

heeding the advice more than participants who were given the same information via 

information sheets. This was because the information in the sheets was “easy to ignore” 

because they offered “no accountability”(Gardiner et al., 2017). Consequently, 

participants attributed their enhanced engagement with and associated positive changes 

in behaviour primarily to the presence of the ECA (Gardiner et al., 2017; Sillice et al., 

2018). Whilst similar mechanisms involving enhanced trust, social connection, non-

judgemental emotional support, motivation, and accountability are likely to occur when 

ECAs are utilised to provide T2D self-management support; this premise has not been 

previously investigated.  

2.4.3 Quality of interactions 

Whilst most participants expressed positive sentiments towards the ECA, others were 

not keen to interact with it and preferred actual human interaction (Bickmore, Caruso, & 

Clough-Gorr, 2005; Sillice et al., 2018). Overwhelmingly, unfavourable impressions of 

the ECA were related to the quality of their speech and interaction. For instance, 

participants characterised the ECA’s elocution as being “poor” with “no breaks for 
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punctuations” (Stara et al., 2021). In several other studies, the tone of the ECA is 

characterised as being “monotonous”, “robotic”, “unappealing”, “artificial” and 

difficult to understand (Bickmore, Gruber, et al., 2005; Gardiner et al., 2017; Martínez-

Miranda et al., 2019; Sillice et al., 2018; Stara et al., 2021). In addition to the quality of 

the ECA’s voice, the content of their speech was noted as being repetitive and generic 

across multiple studies (Bickmore, Gruber, et al., 2005; Bickmore et al., 2018; Sillice et 

al., 2018). Perceived repetitiveness was a source of frustration for many, but more 

importantly, it impacted engagement because participants felt less “obligated” and 

accountable to the ECA (Bickmore, Gruber, et al., 2005). In some cases, participants 

expressed their frustration with having restricted response options that limited follow up 

with the ECA or the ability to converse about a broader range of topics  (Bickmore, 

Caruso, & Clough-Gorr, 2005; Martínez-Miranda et al., 2019). On the other hand, 88% 

of participants agreed that the ECA had characteristics similar to a human and spoke of 

developing a closer bond with the ECA over time, like “an acquaintance becoming a 

friend” – illustrating increased engagement over time (Sillice et al., 2018). Early 

research suggests that when artificial entities mimic human characteristics, people 

unconsciously exert the social norms and dynamics that occur when interacting with 

another human (Kaplan, Farzanfar, & Friedman, 2003; Reeves & Nass, 1996). 

Consequently, attributes of an ECA such as anthropomorphism (human-like 

appearance) and behavioural realism (human-like mannerisms) are considered to be 

critical design decisions. Some researchers assert that a high degree of behavioural 

realism and anthropomorphism is critical to building a social connection because it 

increases relatability, trust and the perception of being cared for (Kang & Watt, 2013; 

Waytz, Cacioppo, & Epley, 2010). However, in practice, the use of a highly realistic 

ECA can have the opposite effect, resulting in users feeling a sense of discomfort and 
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having unpleasant impressions of them (Kang & Watt, 2013; McGloin, Nowak, 

Stiffano, & Flynn, 2009; Mori, MacDorman, & Kageki, 2012; Seyama & Nagayama, 

2007; Thaler, Schlögl, & Groth, 2020; Venning et al., 2021). Thus, the literature 

broadly supports the premise that the quality of an ECA’s interactions, including the 

manner and content of their speech, may potentially affect their acceptability because 

these characteristics determine how human-like an ECA is perceived to be. However, 

questions remain about the appropriate degree of anthropomorphism and behavioural 

realism that is most appealing. 

2.4.4 Appraising the strengths and limitations of the literature  

The assortment of conditions and health behaviours addressed within the reviewed 

literature constitutes an overall strength. However, the scarcity of relevant, published, 

peer-reviewed work assessing the acceptability of ECAs for the management of chronic 

conditions is a significant impediment. There are also several issues related to the 

quality of the available studies that raise doubts about the reliability of the evidence. 

Foremost among these is the observation that most studies are proof of concept, pilot 

studies (Bickmore, Caruso, & Clough-Gorr, 2005; Bickmore, Gruber, et al., 2005; 

Bickmore et al., 2018; Bickmore & Picard, 2005; Bickmore, Schulman, et al., 2013; 

Bickmore, Schulman, et al., 2010; Gardiner et al., 2017; Kimani et al., 2016; Martínez-

Miranda et al., 2019; Stara et al., 2021), and some have very brief descriptions of 

participant experiences with the ECA (Bickmore, Schulman, et al., 2013; Bickmore, 

Schulman, et al., 2010; Bickmore, Silliman, et al., 2013; Kimani et al., 2016). 

Moreover, the short duration of exposure, in some cases as low as a single 30-minute 

session, prevents the longitudinal exploration of changes in acceptability over time 

(Bickmore, Gruber, et al., 2005; Bickmore, Schulman, et al., 2010; Martínez-Miranda et 

al., 2019; Sillice et al., 2018). Although these studies are useful because they indicate 
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improved engagement in the short term, more research is needed to determine whether 

this enhanced engagement can be sustained after the novelty of an ECA has diminished, 

as is necessary for an intervention offering long-term T2D self-management support.  

Furthermore, participants accessed the ECA using various methods, and only two 

studies utilised a personal smartphone for this purpose (Kimani et al., 2016; Martínez-

Miranda et al., 2019). Mostly, ECAs were accessed via a home computer with pre-

installed software (Bickmore, Caruso, & Clough-Gorr, 2005; Bickmore, Gruber, et al., 

2005; Bickmore & Picard, 2005; Bickmore, Schulman, et al., 2013; Bickmore, 

Schulman, et al., 2010), online, (Gardiner et al., 2017; Sillice et al., 2018) or via devices 

on loan to participants for the duration of the study (Bickmore et al., 2018; Bickmore, 

Silliman, et al., 2013; Stara et al., 2021). Potentially, having to use non-personal or non-

portable devices to access ECA support may have diminished the development of the 

relational aspect of the interaction. For instance, participants said they would have 

preferred to use their phone to access the ECA intervention because it was hard to find 

the time to “sit in front of a computer” (Gardiner et al., 2017). Potentially, improved 

accessibility via a personal smartphone could foster a stronger relational bond with an 

ECA. However, to date, the advantages of accessing ECA support for T2D self-

management via a smartphone app on a personal device has not been explored.  

Finally, some studies exclusively recruited healthy adults with no pre-existing chronic 

conditions (Bickmore, Caruso, & Clough-Gorr, 2005; Bickmore, Gruber, et al., 2005; 

Bickmore & Picard, 2005; Bickmore, Schulman, et al., 2013; Bickmore, Schulman, et 

al., 2010; Bickmore, Silliman, et al., 2013; Sillice et al., 2018). All the studies focused 

on conditions other than T2D, including arterial fibrillation, menopause, post-hospital 

discharge care, suicidal ideation, and dementia  (Bickmore et al., 2018; Bickmore, 
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Pfeifer, et al., 2010; Gardiner et al., 2017; Kimani et al., 2016; Martínez-Miranda et al., 

2019; Stara et al., 2021). Consequently, although the findings from these studies are 

helpful to consider because of the scarcity of published evidence, they may not easily 

translate into a population of people with T2D. Thus, there is a critical need for more 

research exploring the potentially unique needs of people with T2D regarding ECA 

support.  

2.4.5 Summary of the main findings and directions for future research  

Collectively, the reviewed literature corroborates the potential for an ECA to provide 

human-like support and improve engagement with health-related interventions. 

Preliminary evidence suggests that ECAs may increase engagement with an 

intervention by enhancing the credibility and accessibility of health information, 

promoting motivation and accountability, providing non-judgemental emotional support 

and fostering a working relationship. However, since the benefit of ECAs hinges on the 

social connection they build with users, their appearance (anthropomorphism) and voice 

and mannerisms (behavioural realism) are highlighted in the literature as some of the 

attributes that influence their acceptability. However, owing to the nascent nature of the 

field, research on the acceptability of ECAs is limited primarily to proof of concept, 

pilot, and short-term feasibility studies, involving healthy adults or those with 

conditions other than T2D and mostly on devices other than personal smartphones. 

Thus, more robust research with more prolonged exposure to the ECA, focused on 

understanding the physical, verbal and behavioural characteristics that enhance 

engagement is a critical gap that needs to be addressed to draw any firm conclusions 

about the acceptability of an ECA delivering T2D self-management support. 
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2.5 Conclusions and direction of this PhD program of research 

With the exponential increase in the number of people living with T2D, there is an 

urgent need to develop intensive, scalable self-management support interventions. T2D 

self-management apps represent a potential solution to this problem, but low user 

engagement is a prevalent issue that remains unaddressed to date. This literature review 

has highlighted key findings and related evidence gaps, indicating several ways in 

which the knowledge base of user engagement with T2D self-management apps can be 

advanced.  

First, user engagement is implicitly considered a precursor to effectiveness. Yet, it is 

unclear whether the assumed dose-response relationship holds for user engagement and 

effectiveness of T2D self-management apps. Thus, the first aim of this program of 

PhD research was to investigate user engagement in the context of T2D self-

management apps. A systematic literature review of T2D self-management apps was 

conducted to assess 1) what proportion of effectiveness studies also include an 

assessment of user engagement; 2) how user engagement was operationalised in these 

studies; and 3) the relationship between user engagement and effectiveness. Chapter 3 

presents the detailed methods and results from this study in the form of a final version 

of a manuscript that will be submitted for publication.  

Second, limited uptake of existing T2D self-management apps suggests that more 

research is needed to understand what people with T2D want from self-management 

apps. Exploring strategies to increase use, namely, understanding what users want from 

T2D self-management apps, is thus necessary if the potential of T2D self-management 

apps is to be translated into meaningful impact in the real world. Existing user-centred 

research suggests that automated tracking and visualisation of diabetes-related data and 
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the ability to share it, relevant diabetes information and education, emotional and 

psychological support, personalisation and ease of use are desirable features in a T2D 

self-management app. The results from the existing literature require further study and 

replication because they are limited, both in quantity and quality, with small, non-

representative sample sizes and limited response options being the principal quality 

issues. Thus, more robust, local research with larger sample sizes, and less restricted 

response options, is necessary to overcome these limitations and add to the existing 

evidence base. Consequently, the second aim of this PhD program of research was to 

investigate what people with T2D want from a self-management app. An open-

ended survey was administered to a large, representative sample of Australian adults 

with T2D to explore what they want in a self-management app. Chapter 4 presents the 

details of this study as a peer-reviewed manuscript published in Diabetes Technologies 

and Therapeutics (Baptista et al., 2019).  

The widespread adoption of T2D self-management apps requires users to engage with 

them in the context of their everyday lives. Consequently, optimising users’ experiences 

with a T2D self-management app within the context of their lives is necessary to 

understand how apps can be used in day-to-day self-management, how they can be 

designed and implemented to add value to a person’s self-management routine and 

complement their existing lifestyles and priorities. Current user experience research 

suggests that apps can play a role in establishing and maintaining self-management 

routines, reducing the emotional burden of self-management, improving a sense of 

control and autonomy, accessing diabetes information on demand and gaining 

reassurance from external support. However, the handful of studies investigating the 

users’ experiences have significant limitations, including requiring participants to use 

unfamiliar devices to access the app, providing extensive technical support beyond what 



76 
 

would be expected in a real-world setting and samples of highly motivated participants. 

To date, no study investigating the long-term use of a (standalone) T2D self-

management app has been conducted in Australia. Thus, more Australian specific 

research, incorporating purposive sampling techniques to recruit participants using apps 

on their personal devices without substantial external assistance, are necessary to 

address some of the identified limitations and give credence to the findings. Therefore, 

the third aim of this PhD program of research is to evaluate user experiences of a 

varied sample of people with T2D using a self-management app for up to 12 

months. Chapter 5 presents the detailed methods and findings from this study in the 

form of a manuscript published in JMIR Diabetes (Baptista, Wadley, Bird, Oldenburg, 

& Speight, 2020b) 

Finally, using an embodied conversational agent (ECA) to deliver support may improve 

engagement with T2D self-management apps by providing human-like support. 

Previous research suggests that ECAs can enhance engagement through several 

potential mechanisms, but their anthropomorphism and behavioural realism are critical 

determinants of their impact. However, research on the acceptability of ECAs is limited 

primarily to short-term feasibility or pilot studies, with a typically short duration of 

exposure. Furthermore, the existing literature is limited by heterogeneous intervention 

elements and delivery methods and examines the acceptability of ECAs across a range 

of conditions other than T2D and among healthy adults. No previous study is known to 

have investigated the acceptability of an ECA to deliver T2D self-management support. 

Thus, the final aim of this PhD program of research is to investigate the 

acceptability of an ECA providing T2D self-management support via an app. 

Accordingly, a mixed-methods study incorporating study-specific questions and semi-

structured interviews was conducted among adults with T2D who had used an ECA-
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based T2D self-management app for up to 12 months. The details of the methods and 

the main findings from this study are reported in Chapter 6 as a manuscript published in 

JMIR mHealth and uHealth (Baptista, Wadley, Bird, Oldenburg, & Speight, 2020a).       
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Chapter 3: User engagement with Type 2 diabetes self-management apps 

– a systematic review 

3.1 Chapter overview 

The previous chapter presented a critical overview of the relevant literature, highlighting the 

need to update the current evidence for an association between user engagement and the 

effectiveness of type 2 diabetes (T2D) self-management apps. A systematic review of the 

literature was conducted to address this gap, assessing what proportion of effectiveness 

studies also include an assessment of user engagement, how user engagement was 

operationalised in these studies, and the relationship between user engagement and 

effectiveness. This chapter presents the details of the systematic review as a manuscript 

prepared for publication (to be submitted to Diabetic Medicine).   

Citation: Baptista, S., Ivory, N., Wadley, G., Oldenburg, B., & Speight, J. (2021). User 

engagement with type diabetes self-management apps: A systematic review. Prepared 

manuscript to be submitted to Diabetic Medicine  
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3.2 Abstract  

Background: User engagement with type 2 diabetes (T2D) self-management smartphone 

applications (apps) is critical to their effectiveness. This systematic review investigated how 

user engagement is operationalised in effectiveness studies of T2D self-management apps 

and what associations are reported between user engagement and health outcomes.   

Methods: A systematic literature search was conducted in Embase, Medline Complete, 

CINAHL Complete, and PsycINFO using keywords related to T2D and apps. Randomised 

controlled trials (RCTs) and observational studies of apps targeting T2D self-management, 

published in English between January 2008 and September 2019, were included where a 

diabetes-related health outcome was investigated.  

Results:  Thirty-six studies met the inclusion criteria and were included for final review. 

Twenty (56%) reported some form of user engagement, predominantly operationalised as 

usage. Nine (82%) out of 11 studies examining associations between usage and effectiveness 

found evidence for improved health outcomes with increased usage.  

Conclusions: Engagement was operationalised almost exclusively as usage, with some 

evidence that more significant usage is associated with better health outcomes. Concrete 

conclusions were limited by substantial variations in the operationalisation of usage. Further 

research is needed to better understand the construct of user engagement, standardise its 

assessment and investigate and potentially leverage a relationship between user engagement 

and effectiveness. 
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3.3 Introduction:  

Optimal diabetes self-management is challenging to achieve because it is complex, 

cognitively challenging, and requires consistently high motivation, emotional resilience, and 

problem-solving abilities. Day-to-day management of blood glucose levels alone involves the 

integration of multiple sources of information – including food, the timing of meals, 

medication, duration and type of physical activity, stress, illness, mood, sleep, etc. – to make 

sense of fluctuations in blood glucose levels and respond appropriately. Furthermore, people 

with T2D are asked to follow a healthy diet, engage in regular physical activity, and maintain 

a healthy body weight (American Diabetes Association, 2020a, 2020b).  

T2D self-management apps can alleviate some of the burden of care by providing practical 

assistance in monitoring and interpreting diabetes-related data. Additionally, they can support 

the initiation and maintenance of diabetes self-management through education and ongoing 

support. As apps are accessible, scalable, and cost-effective, they can be leveraged as a means 

to provide self-management support to large numbers of people with T2D (Deloitte, 2019). 

Recent systematic reviews consistently report that T2D self-management apps can help 

improve a range of clinical and psychosocial outcomes in controlled trial settings 

(Aminuddin, Jiao, Jiang, Hong, & Wang, 2019; Hou et al., 2018). However, maintaining user 

engagement is complex, and high levels of user attrition is a common problem (Meyerowitz-

Katz et al., 2020). Thus, improving user engagement is critical to maximising the success of 

diabetes self-management apps (Yardley et al., 2016).  

In recent years, researchers have focused much attention on understanding the concept of user 

engagement and its components. Until recently, much of the research on user engagement 

was conducted within the area of human-computer interaction, media communication, and 

gaming, where user engagement was considered to have a subjective, affective quality, reliant 
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on a user’s experience (Bouvier, Lavoué, & Sehaba, 2014; Nakamura & Csikszentmihalyi, 

2014; O'Brien & Toms, 2008). In contrast to this, researchers evaluating the efficacy of 

health apps often view engagement as being synonymous with hands-on use. Metrics of use, 

including the duration and frequency of use, are often used to operationalise engagement and 

its association with outcomes (Glasgow et al., 2011; Guertler, Vandelanotte, Kirwan, & 

Duncan, 2015). In a recent review, Perski et al. (2017) synthesised the prevailing 

understandings of user engagement with digitally delivered health interventions, defining it as 

a multi-dimensional construct incorporating subjective experience and usage (Perski, 

Blandford, West, & Michie, 2017). According to their definition, engagement may be 

conceptualised as (1) the extent of usage (e.g., amount, frequency, duration, depth) and (2) a 

subjective experience (e.g., attention, interest, and affect). In their review, Short et al. (2018) 

discuss the pros and cons of various methodological alternatives available for measuring 

components of engagement, including but not limited to self-report surveys, ecological 

momentary assessments, and system usage data, and highlight the importance of using 

multiple measures of user engagement (Short et al., 2018).  

What remains under-researched is the extent to which user engagement is operationalised and 

associated with health outcomes in effectiveness studies of health apps. For example, no 

study to date has investigated how user engagement has been operationalised in effectiveness 

studies of T2D self-management apps. Consequently, this systematic review aimed to 

investigate: 1) What proportion of studies assessing the effectiveness of T2D self-

management apps include an assessment of user engagement? 2) How has engagement been 

operationalised in these studies? And 3) What is the relationship between engagement with 

and effectiveness of type 2 diabetes self-management apps?  
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3.4 Methods   

3.4.1 Review protocol 

The review protocol was registered on the International Prospective Register of Systematic 

Reviews (PROSPERO) (ID CRD42020151602). The Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidance was used to prepare this 

manuscript (Liberati et al., 2009; Moher, Liberati, Tetzlaff, & Altman, 2009).  

3.4.2 Data sources and search strategy  

A systematic search of Embase (accessed via the OVID platform), MEDLINE Complete, 

PsycINFO, and CINAHL Complete (accessed via the EBSCOHost platform) was conducted 

on 27th September 2019. Two reviewers (SB and NI) developed the search strategy in 

consultation with co-authors (JS, BO, and GW) and a University of Melbourne librarian. The 

two main concepts used to develop the search strategy were population (T2D) and 

intervention (smartphone applications). The search strategy incorporated free text words and 

controlled vocabulary terms, such as MeSH headings for MEDLINE Complete, Emtree 

words for Embase, and Thesaurus for PsycINFO (Appendix A). Limits for the English 

language and year of publication (January 2008 to September 2019) were applied in all 

databases. Appendix B includes details of the final searches, as they were conducted in each 

of the databases.  

3.4.3 Study selection 

Cochrane Collaboration’s online tool COVIDENCE was used for study selection. Two 

reviewers (SB and NI) screened the titles and abstracts independently and eliminated those 

not meeting the eligibility criteria in the first screening stage. In the next step, full texts of the 

screened articles were read by both reviewers, and ineligible studies were excluded. At both 

stages, discrepancies were resolved through mutual agreement, with co-authors consulted if 
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necessary.  

Studies were eligible if they were: 1) randomised controlled trials (RCTs), non-randomised 

controlled trials, prospective cohort studies, or secondary data analyses from these types of 

studies 2) evaluating the effectiveness of smartphone applications for the self-management of 

T2D in adults (≥18 years); and 3) published in English in peer-reviewed journals between 

January 2008 and September 2019. This start date was selected because smartphone 

applications were not in common usage before 2008. 

Studies were excluded if 1) the intervention was not delivered via a smartphone app or the 

app was not the primary intervention component; 2) the intervention was an app exclusively 

designed for health care professionals (HCPs) or to access electronic health records; 3) they 

were systematic reviews, meta-analyses, conference abstracts, editorials, commentaries, 

viewpoints or letters; or 4) the target condition was pre-diabetes, gestational and secondary 

diabetes, or type 1 diabetes. 

3.4.4 Data extraction and quality assessment 

Data were extracted using a custom template developed by SB and NI with critical input from 

JS, BO and GW. Data included: study data (author names, publication year, country, study 

design, study duration, sample size), participant characteristics (diabetes duration, age, 

gender), intervention characteristics (brief description of the app, T2D self-care behaviours 

addressed by the app (Tomky et al., 2008) and the device used), relevant study outcomes 

(primary effectiveness results, operationalisation of engagement, if measured), an association 

between engagement and effectiveness (if assessed).  

The National Heart, Lung and Blood Institute suite of quality assessment tools were used to 

assess the quality of included studies (The National Heart Lung and Blood Institute, 2019). 
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These tools were appropriate because they are straightforward, easy to interpret and have 

specific versions for non-randomised controlled trials and cohort studies. The authors also 

noted; a) whether participants were given the option of using their personal device or using a 

study-specific for the duration of the study – this component was included because previous 

studies have observed the use of an unfamiliar device as a potential barrier to engagement 

and therefore potentially to effectiveness (Pludwinski, Ahmad, Wayne, & Ritvo, 2016; 

Tatara, Årsand, Bratteteig, & Hartvigsen, 2013); b) whether there was more than one 

intervention component, making it difficult to separate the effect of one active component 

from another; and c) non-usage attrition – a potential source of bias particularly relevant to 

technology-based trials (Eysenbach, 2005). 

The quality assessment was performed by both reviewers (SB and NI) independently. 

Discrepancies were resolved through discussion, and co-authors were consulted if necessary.  

3.5 Results 

3.5.1 Search and screening results  

The initial search returned 791 articles, with 692 remaining after removing duplicates 

(Appendix B). After title and abstract screening, 119 articles were subjected to full-text 

review, of which 36 articles met the eligibility criteria (see Figure 3).  
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Figure 3:PRISMA flow diagram illustrating search and screening process 

3.5.2 Description of the included studies 

Table 1 summarises the characteristics of each included study. Of the 36 studies, 17 (50%) 

were RCTs (Agarwal et al., 2019; Alonso-Dominguez, Garcia-Ortiz, et al., 2019; Berman et 

al., 2018; Dugas et al., 2018; Grady, Katz, Cameron, & Levy, 2017; Hao & Xu, 2018; 

Hochsmann, Infanger, et al., 2019; Hochsmann, Muller, et al., 2019; Holmen et al., 2014; 

Huang et al., 2019; Hunt, Sanderson, & Ellison, 2014; Kim et al., 2016; Kleinman, Shah, 

Shah, Phatak, & Viswanathan, 2017; Nagrebetsky et al., 2013; Torbjornsen et al., 2014; J. 

Wang, Cai, Padhye, Orlander, & Zare, 2018; Y. Wang et al., 2019; Wayne, Perez, Kaplan, & 

Ritvo, 2015; Yu et al., 2019), 12 (33%) were prospective cohort studies(Jeon & Park, 2019; 

Kim et al., 2016; Kjos, Vaughan, & Bhargava, 2019; Koot et al., 2019; Kumar, Moseson, 

Uppal, & Juusola, 2018; Munster-Segev, Fuerst, Kaplan, & Cahn, 2017; Pellegrini et al., 

2015; Sieber, Flacke, Link, Haug, & Freckmann, 2017; Wayne & Ritvo, 2014; Wood, Alley, 

Baer, & Johnson, 2015), five presented results from secondary data analysis(Bradway et al., 

2018; Osborn, van Ginkel, Rodbard, et al., 2017; Vehi, Regincós Isern, Parcerisas, Calm, & 
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Contreras, 2019; Wayne et al., 2016), and one was a non-randomised controlled trial (M. 

Hooshmandja, A. Mohammadi, A. Esteghamti, K. Aliabadi, & M. Nili, 2019b). Excluding 

four studies using retrospective data, the mean duration of prospective studies (k=32) was 24 

weeks (range: 2 weeks to 12 months). Sample sizes ranged from N=7 to N=921 participants. 

Ten (28%) of the 36 studies had fewer than 30 participants. In the 25 studies reporting 

gender, the proportion of female participants was 47% (23% to 80%). Seven studies only 

reported gender for sub-groups, and four did not report on gender. The mean (SD) age of 

participants was 54 (10) years, excluding nine studies that reported age only for sub-groups 

and three in which age was not registered. Fourteen of the 36 studies (39%) reported diabetes 

duration for the total sample. The mean duration of diabetes was 8.6 years (standard deviation 

cannot be reported because data were represented as an interquartile range, range, or median). 

The studies were conducted predominantly in the United States of America (k=8), Canada 

(k=4), China (k=3), Norway (k=3) and South Korea (k=3). There were also two studies each 

in Singapore,  Spain, Switzerland and the United Kingdom; one study each in Germany, 

India, Iran, Israel, and the Netherlands; and two multi-national studies.
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Table 1:Description of studies included in the review 

Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Agarwal (2019) 

Canada 

RCT 

6m 

N=223 

Age: 52 (11)y  

Female: 106 (48%) 

DD: 0-6 months: 40 (18%);  

>6m - 2y: 2 (23%); >2-5y: 39 

(18%);  

>5y: 88 (40%) 

Bluestar: virtual coach 

incorporating customised evidence-

based messages delivered in real-

time to impact motivation, 

behaviour, and education. The app 

also facilitated the transfer of data 

to HCPs 

Blood glucose 

monitoring, 

healthy eating, 

being active 

 

Samsung 

smartphone,  

Provided by 

researchers 

No significant differences in 

HbA1c, patient-reported 

diabetes self-care behaviours, 

or general health status 

Alonso-

Domínguez 

(2019)a 

Spain 

RCT 

12m 

N=185 

Age: 61 (8)y 

Female: 93 (46%) 

DD: NR 

EVIDENT II: Tracking of physical 

activity and food intake, 

personalised recommendations 

based on age, sex, weight, and 

height to encourage habit formation 

Healthy 

eating, being 

active 

 

Smartphone 

- not 

specified,  

Provided by 

researchers 

There were no significant 

differences in postprandial 

blood glucose levels; the 

intervention group had 

significantly higher mean diet 

quality adherence to the 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Mediterranean diet than the 

control group 

Alonso-

Domínguez 

(2019)b 

Spain 

RCT 

12m 

Same as above EVIDENT II: Same as above Same as above Same as 

above 

Significant increase in mean 

daily steps, aerobic steps, and 

total physical activity over the 

12-month follow-up period in 

the app group compared with 

the control group (p<0.05) 

Berman (2018) 

USA 

Prospective 

Cohort study 

3m 

N=118  

Age: 50.4 (9.6) y 

Female: 87 (79.8%) 

DD: 2.6 (1.5) y 

FareWell: Meal planning, 

automated shopping list feature, 

self-monitoring of weight via a 

digitally connected scale, reporting 

prepared meals, and a messaging 

Healthy 

eating, being 

active.  

 

Android or 

iPhone, 

Personal 

device 

Significant decrease in Hba1c 

(p<.001) from baseline 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

 

 

feature to contact a health coach to 

set and review personalised goals.  

Holmen (2014) 

Norway  

RCT 

12m 

 

 

N=151 

Age: C: 56 (12)y; I (FTA): 59 

(12)y; I (FTA+ health 

coaching): 57 (12)y 

Female: C: 40% (20/50); I 

(FTA): 33.3% (17/51); I 

(FTA+ health coaching): 50% 

(25/50) 

DD: NR  

Few Touch Application: Tracking 

and blood glucose readings, diet, 

physical activity, and general 

educational content.  

Blood glucose 

monitoring, 

healthy eating, 

being active 

 

HTC HD 

Mini, 

Provided by 

researchers 

 

No significant difference in 

HbA1c between groups 

Torbjornsen     

(2014) 

Norway 

N=151 

Age: 57 (12) 

Female: 62 (41%) 

Few Touch Application: same as 

above 

 

 Same as 

above  

 Same as 

above  

No statistically significant 

differences in HbA1c level 

changes from baseline 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

 DD:  

C: 9.4 (5.5); I (App group) : 

11.2 (7.3); I (App + Health 

coaching group) : 9.6 (8.4) 

between the three groups. 

Bradway (2018) 

Norway 

RCT 

12m 

 

N=151  

Age: non-users: 58 (13)y; 

short-term users: 55 (13)y; 

long-term users: 59 (11)y 

Female: non-users: 17 (59%); 

short-term users: 5 (45%); 

long-term users: 37 (61%) 

DD: non-users: 10 (8)y; short-

term users: 11 (7)y; long-term 

users: 9 (8)y 

Same as above 

 

Same as above 

 

Same as 

above 

No significant difference in 

HbA1c between groups 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Dugas (2018) 

USA 

RCT 

3m 

 

N=29 

Age: 66 (5) 

Female: NR  

DD: NR  

DiaSocial: goal setting and 

monitoring blood glucose, diet, 

exercise, and medication taking, 

sharing progress with peers or 

clinicians.  

Blood glucose 

monitoring, 

healthy eating, 

being active, 

taking 

medication. 

 

Samsung 

Galaxy 

Tab3, 

Provided by 

researchers 

No significant difference in 

HbA1c between groups.  

 

Grady (2017) 

United 

Kingdom 

RCT 

6m 

  

 

N=128, 49 with T2D, 

Age: 445 (19-71) y 

Female: 55 (43%) 

DD: 13.0 (3.9-23.7) y for 

participants with T2D 

OneTouch Reveal  

Personalised reminders, graphs 

showing blood-glucose metrics 

with colour-coding of low, in-

range, or high results. Participants 

also received text messages every 

two weeks from an HCP containing 

Blood glucose 

monitoring, 

being active, 

taking 

medication. 

 

Motorola 

Moto E 

smartphone, 

Provided by 

researchers 

Significant decrease in 

HbA1c from baseline in meter 

+ app group compared to 

those using the meter alone 

(p=.09) 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

specific diabetes-related advice.  

Hao (2018)  

China 

Non-RCT 

6m 

 

 

N=126 

Age: C: 33 (5)y; I: 32 (6)y 

Female: 51 (40%) 

DD: NR  

Not specified: blood glucose 

monitoring, diabetes education, 

goal-setting for healthy eating and 

physical activity, and 

communicating with HCPs.  

Blood glucose 

monitoring, 

healthy eating, 

being active. 

 

Smartphone 

- not 

specified,  

Unclear  

 

Significant reduction in 

HbA1c in the intervention 

group compared to the control 

group (p < 0.01) 

 

Hochsmann 

(2019)a  

Switzerland 

RCT 

6m 

 

N=36 

Age: C: 58 (6)y; I: 56 (5)y 

Female: C: 9 (50%); I: 8 

(44%) 

DD: C: 5 (4)y; I: 4 (4)y 

Mission Schweinehund: in-game 

workouts and material promoting 

regular physical activity, which was 

rewarded with water or building 

materials needed to reach the goal 

of restoring a decayed garden.  

Being active 

 

Smartphone 

- not 

specified,  

Personal 

device 

 

The number of minutes of 

physical activity went from 

39 minutes at baseline to 143 

minutes per week at 24 weeks 

in the app group 

 

Hochsmann Same as above  Same as above  Same as above  Same as A significantly higher 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

(2019)b 

Switzerland 

RCT 

6m 

 

 

above  increase in daily physical 

activity (3,000 steps in the 

intervention group versus the 

control group but no change 

in HbA1c reported in the 

intervention group 

Hooshmandja 

(2019) 

Iran  

Non-RCT 

3m 

 

 

N=51 

Age:  

C: 26% aged 30-40; 33% aged 

51-60; 33% aged 61-70; I: 8% 

aged 30-40; 33% aged 51-60; 

33% aged 61-70  

Female: C: 20 (74%); I: 19 

(79%) 

Not specified: diabetes education 

and tracking of blood glucose and 

medication 

Blood glucose 

monitoring, 

healthy eating, 

being active, 

taking 

medication, 

reducing risks  

 

Smartphone 

- Not 

specified, 

Personal 

device 

No significant difference in 

HbA1c, but self-management 

behaviour (Summary of 

Diabetes Self-Care Activities) 

improved significantly in the 

intervention group compared 

to the control group  
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

DD: NR 

Huang (2019) 

China 

RCT 

3m 

N=41 

Age: C: 52.0 (28-67); I: 51.5 

(22-69) 

Female: C: 8 (42.1%); I: 13 

(59.1%) 

DD: C: 18.3 (8.4); I: 11.1 

(7.1) 

Medisafe: medication scheduling, 

reminders, tracking, data sharing, 

and medication adherence 

assessments 

 

Taking 

medication 

 

Not 

specified, 

Personal 

device 

No significant differences in 

diabetes-related health 

outcomes (HbA1c, lipids, and 

BMI). Significant decrease in 

self-reported barriers to 

medication adherence in the 

intervention group compared 

to the control group 

(Adherence Starts with 

Knowledge-12) 

Hunt (2014) 

USA 

Crossover RCT 

N=17 

Age: 35% aged 19-50; 11  

65% aged 51 and older.  

Diabetes Buddy 

Monitoring of blood glucose, eating 

plan, physical activity, and 

Blood glucose 

monitoring, 

healthy eating, 

iPad, 

Provided by 

researchers 

No significant changes in 

self-efficacy or diabetes self-

management  



116 
 

Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

6m 

 

 

Female: 10 (59%) 

DD: 13 (77%) ≤ 10 years; 4 

(23%) ≥ 11 years 

medication taking 

 

 

 

being active, 

taking 

medication. 

 

Jeon (2019) 

South Korea 

Prospective 

cohort study 

1m 

 

N=38, 30 with T2D 

Age: 43.8 (SD NR), 

Female: 15 (39%), 

DD: 6.25 (7.27) for 

participants with T2D. 

Not specified: Education, 

personalised recommendations, 

goal setting, and feedback, 

monitoring diet, exercise, blood 

glucose levels, medications, blood 

pressure, and weight, 

communicating with other 

participants and HCPs  

Blood glucose 

monitoring, 

healthy eating, 

being active, 

taking 

medication  

Android 

smartphone, 

Personal 

device 

 

Significant improvement in 

diabetes self-care behaviour 

(Diabetes Self-Management 

Assessment Report Tool) 

(p=0.02) from baseline 

 

Kim (2016) 

South Korea 

N=29 

Age: 53.9 (9.1) 

Patient-centred, smart-phone-based, 

diabetes care system: diabetes 

Blood glucose 

monitoring, 

Android 

smart 

HbA1c decreased 

significantly (p< 0.0001), and 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Prospective 

cohort study 

3m 

Female: 31% (9/29) 

DD: NR  

 

education, a glucose module, a 

personalised diet module, a 

personalised physical activity 

module, and a social network 

module 

healthy eating, 

being active, 

taking 

medication, 

problem-

solving, 

healthy 

coping.  

 

device,  

Personal 

device 

self-management behaviours 

increased significantly (diet, 

activity, and blood glucose 

monitoring) (Summary of 

Diabetes Self-Care Activities) 

from baseline 

 

Kim (2019) 

South Korea) 

RCT 

6m 

 

N=172  

Age: C: 56.7 (9.1); I: 60.0 

(8.4) 

Female: C: 43 (52.4%); I: 40 

(44.4%) 

An upgraded version of the app 

used in the pilot study – Kim 

(2016) 

Blood glucose 

monitoring, 

healthy eating, 

being active, 

taking 

Android 

smartphone, 

Personal 

device 

 

Significant reductions in 

HbA1c (p=0.0002) and 

quality of life (quality of 

health component) 

(p=0.0008) (WHO Quality of 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

DD: C:13 (7); I: 13 (8) medication, 

problem-

solving, 

healthy 

coping.  

Life Abbreviated Version). 

No changes in self-

management behaviour were 

observed (Summary of 

Diabetes Self-Care Activities) 

Kjos (2019) 

USA 

Prospective 

cohort study 

6m 

 

N=51  

Age: 52 (10) 

Female: 55% (28/51)  

DD: 9 (7) 

 

 

Medsimple: medication taking, with 

tracking, information, and 

reminders related to medications. 

Participants could also connect with 

other apps to collect diet data, 

blood glucose monitoring data and 

collate the information for use 

during clinic visits 

Blood glucose 

monitoring, 

healthy eating, 

and taking 

medication. 

 

Not 

specified,  

Personal 

device  

 

No significant differences in 

medication adherence 

(Adherence to Refills and 

Medication Scale), 

medication self-efficacy 

(Medication Understanding 

and Use Self-Efficacy scale), 

or locus of control (Form C of 

the Multidimensional Health 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Locus of Control) from 

baseline 

Kleinman 

(2017) 

India 

RCT 

6m 

N=90 

Age: 48 (9) 

Female: 27 (30%) 

DD: 10 (4-15) 

 

Gather Health: daily reminders of 

self-management tasks each day, 

follow up of out of range blood 

glucose readings and 

communication with HCPs 

 

Blood glucose 

monitoring, 

taking 

medication. 

 

Not 

specified,  

Personal 

device  

 

Significant decrease in 

HbA1c in the intervention 

group compared to the control 

group (p=0.02), 

improvements in self-reported 

medication adherence 

(p=0.03) and frequency of 

blood glucose monitoring 

(p=0.01). No changes in 

treatment satisfaction (18-

item Patient Satisfaction 

Questionnaire), diabetes 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

distress (5-question Problem 

Areas in Diabetes scale) or 

self-efficacy (Stanford Patient 

Education Research Center 

(PERC) 6-item instrument) 

Koot (2019) 

Singapore 

Prospective 

cohort study 

6m 

 

 

N=100 

Age: 53.5 (9.6) 

Female: 50 (50%) 

DD: 9.3 (7.3) 

 

GlycoLeap: diabetes education, 

manual tracking of blood glucose 

readings, automatic monitoring of 

weight and physical activity, food 

logging through photos of meals. 

Health coaches responded to meals 

logged and provided personalised 

recommendations, encouragement, 

and feedback via in-app messages 

Blood glucose 

monitoring, 

healthy eating, 

being active, 

problem-

solving  

 

iPhone or 

Android 

smartphone 

– not 

specified,  

Personal 

device 

 

Significant improvements in 

HbA1c (p<0.001) and 

reduction in weight (p<0.001) 

from baseline 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Osborn (2017)a 

Multi-national 

Retrospective 

data analyses 

N/A 

 

N=191 

Age: NR 

Female: 44 (23%) 

DD: 7.1 (7.7) 

One Drop: Tracking and statistical 

visualisation of blood glucose 

readings, medication, 

carbohydrates, physical activity, 

HbA1c test results, and body 

weight. Medication reminders, 

motivational messages, a news feed 

delivering health information, and a 

peer support forum.  

Blood Glucose 

Monitoring, 

Healthy 

Eating, Being 

Active, Taking 

Medication, 

Problem-

Solving. 

 

Smartphone- 

not 

specified,  

Personal 

device 

Significant reduction in self-

reported HbA1c (p<.001)  

Osborn (2017)b 

Multi-national 

Retrospective 

data analyses 

N/A 

N=921 with T2D 

Age: NR 

Female: 302 (32.8%) 

DD: 5 (12) (Median and 

interquartile range) 

One Drop: same as above Blood glucose 

monitoring, 

Healthy 

eating, Being 

active, Taking 

Smartphone- 

not 

specified,  

Personal 

Significant reduction in self-

reported HbA1c (p<.001) 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

  medication, 

Problem-

solving. 

 

Kumar (2018) 

USA  

Prospective 

cohort study 

3m 

 

 

N=146 

Age: 52 (9) 

Female: 103 (71%) 

DD: 11 (7) 

One Drop: Tracking and analyses 

of self-care behaviours and health 

through data summaries and 

statistics. Newsfeed section with 

health tips, recipes, and diabetes-

relevant articles. There were also 12 

in-app diabetes education lessons 

and access to a health coach 

Blood glucose 

monitoring; 

healthy eating, 

being active, 

taking 

mediation 

iPhone, 

Personal 

device 

 

Significant reuduction in 

HbA1c (p=0.0003), diabetes 

distress (Diabetes Distress 

Scale) (p<0.001), significant 

increase in self-efficacy 

(p<0.001) (Diabetes 

Empowerment Scale- Short 

Form) from baseline  

Munster-Segev 

(2017) 

N=7 

Age: 55 (11.6) 

Serenita: relaxation/stress-reducing 

biofeedback mobile app. The app 

Healthy 

coping 

Smartphone- 

not 

HbA1c, average weight and 

fasting plasma glucose 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Israel 

Prospective 

cohort study 

4m 

 

Female: 2 (29%) 

DD: 11 (7.3) 

 

collected information regarding the 

user’s blood flow, heart rate, and 

heart rate variability and provided 

real-time feedback and 

individualised breathing 

instructions to modulate stress 

levels.  

 specified,  

Personal 

device 

decreased from baseline   

Nagrebetsky 

(2013) 

United 

Kingdom 

RCT 

6m 

 

N=14 

Age: 58 (11) 

Female: 4 (29%) 

DD: 2.6 (0.6–4.7) 

Not specified: real-time graphical 

feedback on recorded blood glucose 

levels 

Blood glucose 

monitoring 

 

Nokia 7230, 

Provided by 

researchers 

 

No significant differences in 

HbA1c between the 

intervention and control 

group  
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Pellegrini 

(2015) 

USA  

Prospective 

cohort study 

1m 

 

N=9 

Age: 53.1 (10.7) 

Female: 7 (77%) 

DD: 4 (1-13) (Median and 

min-max years) 

NEAT!: reminders to remain active 

with additional reminders every two 

minutes after if the user indicated 

an intention to stand but didn’t do 

so.  

Being active 

 

Smartphone- 

not 

specified,  

Personal 

device 

Seven of the eight participants 

reduced their time in 

sedentary behaviour and 

increased light-intensity 

physical activity while using 

the app compared to baseline 

Sieber (2017) 

USA 

Prospective 

cohort study 

3m 

N=51 (25 with T2D) 

Age: 62.0 (6.9) 

Female: 12 (48%) 

DD: 15.7 (10.4) 

iBGStar: tracking structured blood 

glucose monitoring, physical 

exercise, general physical 

conditions, meals, glucose-lowering 

drugs, and insulin doses 

Blood glucose 

monitoring, 

Healthy 

eating, Being 

active, Taking 

medication 

 

iPhone or 

iPod,  

Provided by 

researchers.  

 

HbA1c decreased 

significantly from baseline 

(p<.0001) 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

Vehi (2019) 

Netherlands  

Retrospective 

data analyses 

N/A 

 

N=211 (67 with T2D) 

Age: Males: 53.2 (SD 4.02); 

Females: 49.1 (SD 4.11) 

Female: 17 (25.4%) 

DD: 10- 30 years: 47%; <10 

years: 40%; > 30 years: 13% 

SocialDiabetes: blood glucose 

monitoring + note keeping (e.g., 

exercise, food). 

 

Blood glucose 

monitoring 

 

Not 

specified,  

Personal 

device 

 

Reduction in self-reported 

HbA1c in both the ‘high 

engagement’ (p<0.001) and 

the ‘low engagement’ 

(p<0.001) groups compared to 

baseline 

Wang (2018) 

USA 

RCT 

6m 

N=26 

Age: 56.4 (SD NR) 

Female: 16 (62%) 

DD: NR.  

LoseIt: self-monitoring of diet, 

physical activity, and weight 

DiabetesConnect: Bluetooth-

enabled blood glucose monitoring 

Blood glucose 

monitoring, 

Healthy 

eating, Being 

active 

 

Not 

specified,  

Provided by 

researchers  

Significant reduction in 

HbA1c in the app group 

compared with the paper 

diary and control groups 

(p<0.01) 

Wang (2019) 

China  

N=120 

Age: 45.4 (SD not provided) 

Not specified: bi-directional 

interaction with an HCP, blood 

Blood glucose 

monitoring, 

Not 

specified, 

HbA1c was significantly 

lower in the app group than in 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

RCT 

6m 

 

Female: 56 (46.7%) 

DD: NR 

 

glucose monitoring, reminders and 

recommendations for physical 

activity and diet, diabetes education 

and access to an online forum for 

people with diabetes 

Healthy 

eating, Being 

active, Taking 

medication, 

Problem-

solving, 

Healthy 

coping 

Personal 

device 

 

the control group (p=0.05), 

while disease awareness 

(Illness Perception 

Questionnaire) and self-

management behaviours 

improved significantly 

(Perceived Diabetes Self-

Management Scale) (p<0.05)  

Wayne (2014) 

Canada 

Prospective 

cohort study 

6m 

 

N=21 

Age: 56 (12)y 

Female: 12 (57%) 

DD: NR 

 

Connected Wellness Platform: 

communication between users, 

health coaches, and family 

members, tracking of exercise, diet, 

stress reduction practices, blood 

glucose, blood pressure, mood, 

Blood glucose 

monitoring, 

healthy eating, 

being active, 

healthy coping 

 

Blackberry 

Curve 8900,  

Provided by 

researchers 

except for 2 

participants 

HbA1c significantly reduced 

from baseline (p<0.05) 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

 pain, and energy  who used 

their 

personal 

smartphone 

Wayne (2015) 

Canada 

RCT 

6m 

 

N=97 

Age: 53.2 (11.3) 

Female: 70 (72%) 

DD: NR 

 

Connected Wellness Platform: 

same as above 

 

Same as above Samsung 

Galaxy Ace 

2, 

Provided by 

researchers. 

 

 

No significant differences in 

HbA1c between groups. 

Significant between-group 

differences for the positive 

affect and negative affect 

subscales (Positive and 

Negative Affect Schedule) 

(p=0.007) favouring the 

intervention group. No 

changes in depression, 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

anxiety (Hospital Anxiety and 

Depression Scale), 

satisfaction with life 

(Satisfaction with Life Scale) 

or quality of life (Short-Form 

Health Survey-12) 

Wayne (2016) 

Canada 

 

N=48, Sub-sample = 29 

Age: 53.1 (10.9); Sub-sample:  

53.4 (10.7) 

Female: 65% (31/48); Sub-

sample: 66% (18/29) 

DD: NR 

Connected Wellness Platform: 

same as above 

 

Same as above Same as 

above 

Reductions in HbA1c were 

more likely with the use of 

one or two (rather than three) 

tracking features (physical 

activity, diet and glucose 

monitoring)  

Wood (2015) 

USA 

N=7 

Age: 50.1 (range 43-64) 

Diabetes101: educational videos, 

reminders for diabetes self-

Blood glucose 

monitoring, 

iOS devices, 

including the 

Non-significant increases 

were reported in creating a 
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Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

 Female: NR 

DD: 14.1 years (range 1-24) 

 

 

management related activities, a 

diabetes dictionary with definitions 

of common diabetes terms, and 

encouragement to participate in 

physical activity.  

 

Healthy 

eating, Being 

active, Taking 

medication. 

 

iPod Touch, 

iPad, and 

iPhone, 

Provided by 

researchers 

 

healthy eating plan, blood 

glucose testing frequency 

(Summary of Diabetes Self-

Care Activities), diabetes 

knowledge (Diabetes 

Knowledge Test) or self-

efficacy (Diabetes Self-

Efficacy Scale) 

Yu (2019) 

China 

N=185  

Age: 52.5 (SD not provided)  

Female: NR 

DD: NR 

 

Diabetes-Carer: structured blood 

glucose monitoring, tracking of 

diet, physical activity, weight, 

blood pressure, HbA1c, and clinical 

tests, diabetes education, peer 

support, and real-time 

Blood glucose 

monitoring, 

healthy eating, 

being active 

 

Smartphone- 

not 

specified, 

Personal 

device 

 

A statistically significant 

proportion of people in the 

app groups achieved HbA1c 

below 7% compared to the 

control group (p<0.05).  

 



130 
 

Author, (Year), 

Country,  

Study design, 

duration 

(months) 

Sample (N), Age: mean (SD) 

years,  

Female: n (%) 

Diabetes duration (DD): 

mean (SD) years or n (%) 

App name and description Self-care 

behaviour (s) 

targeted in-

app 

Device type, 

personal or 

provided by 

researchers 

Main effectiveness outcomes 

communication between users and 

HCPs 

 

*C= Control group, I= Intervention group, DD= Diabetes duration, M= months, NR= Not reported, Y= years, NA= Not applicable, HbA1c= glycosylated haemoglobin, HCP= Health care 

professional. For studies that included people with type 1 diabetes and type 2 diabetes (T2D), participant characteristics of those with T2D are reported unless otherwise specified. 
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3.5.3 Quality assessment 

The findings of the quality assessment for the 36 included studies are summarised in Figure 

4. Six (17%) were assessed as being of good quality, all of which had an RCT design 

(Alonso-Dominguez, Garcia-Ortiz, et al., 2019; Hochsmann, Infanger, et al., 2019; 

Hochsmann, Muller, et al., 2019; Holmen et al., 2014; Torbjornsen et al., 2014; Y. Wang et 

al., 2019). Just over one third (13/36, 36%) were assessed as being of acceptable quality 

(Alonso-Dominguez, Patino-Alonso, et al., 2019; Berman et al., 2018; Bradway et al., 2018; 

Dugas et al., 2018; Grady et al., 2017; Huang et al., 2019; Kim et al., 2019; Koot et al., 2019; 

Kumar et al., 2018; Osborn, van Ginkel, Marrero, et al., 2017; Osborn, van Ginkel, Rodbard, 

et al., 2017; Sieber et al., 2017; Yu et al., 2019). In contrast, almost half (17/36, 47%) were 

assessed as being of poor quality (Agarwal et al., 2019; Hao & Xu, 2018; Hooshmandja et al., 

2019b; Hunt et al., 2014; Jeon & Park, 2019; Kim et al., 2016; Kjos et al., 2019; Kleinman et 

al., 2017; Munster-Segev et al., 2017; Nagrebetsky et al., 2013; Pellegrini et al., 2015; Vehi 

et al., 2019; J. Wang et al., 2018; Wayne et al., 2016; Wayne et al., 2015; Wayne & Ritvo, 

2014; Wood et al., 2015). The main reasons for the low-quality assessment were the inability 

to blind participants and researchers, small sample sizes, high attrition rates, and short study 

durations.  
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Figure 4: Quality assessment of the included studies 

3.5.4 Description of the app-based interventions 

Twenty-eight unique apps were evaluated across the 36 included studies. Five studies did not 

report a specific app name (Hao & Xu, 2018; Hooshmandja et al., 2019b; Jeon & Park, 2019; 

Nagrebetsky et al., 2013; Y. Wang et al., 2019).  The most common self-care behaviours 

recommended by the Association of Diabetes Care and Education Specialists (formerly the 

AADE) targeted by the apps in the included studies were: glucose monitoring (21/28, 75.0%), 

physical activity (21/28, 75.0%), healthy eating (18/28, 64.3%), and medication-taking 

(12/28, 42.9%). The least frequently addressed self-care behaviours were healthy coping 

(2/28, 7.1%), reducing risks (1/28, 3.6%), and problem-solving (0/28) (Tomky et al., 2008).  

Nine of the 28 apps (32.1%) targeted four self-care behaviours, most commonly blood 

glucose monitoring, healthy eating, being active, and medication-taking; 10 (35.7%) targeted 

three self-care behaviours; 3 (10.7%) targeted two self-care behaviours, and the remaining 

seven (25%) addressed a single self-care behaviour. 

Many app-based interventions included multiple components, ranging from in-person 
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coaching to websites, activity trackers, and Bluetooth-enabled blood glucose monitors.  

3.5.5 Health outcomes reported  

Twenty-eight studies reported change in glycosylated haemoglobin (HbA1c) as a primary 

outcome, with most of these (68%) reporting significant reductions in HbA1c. A range of 

psychosocial and behavioural outcomes were also reported, including diabetes self-

management behaviours (k=8), self-efficacy (k= 5), general health status (k= 1), quality of 

life (k= 2), diabetes distress (k= 2) locus of control (k= 1), treatment satisfaction (k= 1) 

adherence to the Mediterranean diet (k= 1), physical activity (k= 4), medication adherence 

(k= 3), disease awareness (k= 1), positive and negative affect (k= 1), depression and anxiety 

(k= 1), satisfaction with life (k= 1), diabetes knowledge (k= 1). Significant improvements 

were noted in self-management behaviours (k= 4) (M. Hooshmandja, Aeen Mohammadi, 

Alireza Esteghamti, Khadije Aliabadi, & Mohammadreza Nili, 2019a; Hooshmandja et al., 

2019b; Jeon & Park, 2019; Y. Wang et al., 2019), medication adherence (k= 2) (Huang et al., 

2019; Kleinman et al., 2017), physical activity (k= 2) (Alonso-Dominguez, Patino-Alonso, et 

al., 2019; Hochsmann, Infanger, et al., 2019; Hochsmann, Muller, et al., 2019), quality of life 

(k= 1) (Kim et al., 2019), diabetes distress (k= 1) (Kumar et al., 2018), self-efficacy (k= 1) 

(Kumar et al., 2018), positive and negative affect (k= 1) (Wayne et al., 2015) and adherence 

to the Mediterranean diet (k= 1) (Alonso-Dominguez, Garcia-Ortiz, et al., 2019).  

3.5.6 Operationalisation of Engagement  

Details of how engagement was operationalised in each of the included studies are provided 

in Table 2. Twenty (56%) of the 36 studies reported some form of engagement metrics, 

reported as quantitative measures of app usage, including:  

• number of days on which the app was used per week (k=2) (Agarwal et al., 2019; 

Hochsmann, Infanger, et al., 2019), per month (k=1) (Vehi et al., 2019) or throughout the 
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intervention (k=7) (Alonso-Dominguez, Garcia-Ortiz, et al., 2019; Alonso-Dominguez, 

Patino-Alonso, et al., 2019; Bradway et al., 2018; Dugas et al., 2018; Huang et al., 2019; 

Kumar et al., 2018; J. Wang et al., 2018);  

• number of interactions within the app per day (k=1) (Berman et al., 2018), week (k=1) 

(Koot et al., 2019) or over the duration of the intervention (k=1) (Holmen et al., 2014);  

• number of medication-taking instances (k=1)(Kleinman et al., 2017), and blood-glucose 

measurements (k=4)  (Holmen et al., 2014; Kim et al., 2016; Kleinman et al., 2017; 

Torbjornsen et al., 2014) over the duration of the intervention; 

• number of keystrokes within the app over the course of the intervention (k=1) 

(Torbjornsen et al., 2014);  

• number of times a specific feature was used per week (k=2) (Agarwal et al., 2019; Wayne 

et al., 2016);  

• duration of app use over the course of the intervention  (k=1)(Hochsmann, Infanger, et al., 

2019); and 

• the number of messages exchanged with HCPs or the research team per week (k=1) (Koot 

et al., 2019) or for the duration of the intervention (k=2) (Grady et al., 2017; Kleinman et 

al., 2017).  

Two studies reported users’ experiences of the app as process outcomes (not linked to app 

usage): 

• perception of app use, attitude towards app use and satisfaction (k=1) (Huang et al., 

2019); or  

• comfort and convenience of using the app (k=1) (Wood et al., 2015).   

3.5.7 Associations between Engagement and Outcomes 

Details of associations between engagement and health outcomes are provided in Table 2. Of 
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the 20 studies that reported some form of app engagement metrics, 11 (55%) investigated 

associations between engagement and health outcomes. Nine (82%) of these 11 studies found 

evidence for improvements in health outcomes with increased usage(Agarwal et al., 2019; 

Berman et al., 2018; Bradway et al., 2018; Dugas et al., 2018; Grady et al., 2017; Kim et al., 

2016; Koot et al., 2019; Kumar et al., 2018; Wayne et al., 2016), while the other two (18%) 

studies found no significant interaction (Holmen et al., 2014; Vehi et al., 2019).  
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Table 2: Operationalisation of engagement and associations between engagement and effectiveness 

Author (Year) Study design  Operationalisation of engagement Association between engagement and effectiveness 

Alonso-

Dominguez 

(2019)a 

RCT The number of days the app was used over the duration of 

the intervention. 

Not reported. 

Alonso-

Domínguez 

(2019)b 

RCT The number of days the app was used over the duration of 

the intervention. 

Not reported. 

Bradway 

(2018) 

RCT The number of months the app was used over the duration 

of the intervention. 

Those who did not use the mHealth tools had an increase in their HbA1c 

over the study, while those who used these tools had a significant 

decrease in their HbA1c. The number of interactions, not duration, was 

reported as being predictive of sustained usage.  

Dugas (2018) RCT The number of days the app was used over the duration of 

the intervention. 

Higher app usage led to lower HbA1c.  

Wang (2018) RCT The number of days the app was used over the duration of 

the intervention.  

Not reported.   

Huang (2019) RCT The number of times the app was used over the duration of Not reported.  
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the intervention. Acceptability was also assessed, 

including the perception of app usage, attitude towards app 

usage, and satisfaction.  

Agarwal 

(2019) 

RCT The mean number of logins per week and frequency of use 

of each feature per week.  

Each additional day of app usage corresponded with a 0.016-point 

decrease in participants’ 3-month HbA1c levels (95% CI −0.03 to −0.003; 

p=.02).  

Hochsmann 

(2019) 

RCT The number of times per week the app was used and the 

duration of app use. 

Not reported.  

Holmen 

(2014) 

RCT The number of interactions and number of blood glucose 

measurements over the duration of the intervention.  

20 of 51 (39%) participants in the app group, and 17 of 50 (34%) in the 

app+health coaching group, used the app substantially. However, there 

were no statistically significant differences between groups in health-

related quality of life (Short-Form 36v2 Health Survey), self-management 

(Health Education Impact Questionnaire), or depressive symptoms 

(Centre for Epidemiologic Studies Depression Scale).  

Torbjornsen 

(2014) 

RCT The number of blood glucose measurements and the 

number of keystrokes during the first four months.  

Not reported.  

Kleinman 

(2017) 

RCT 

 

The number of medication-taking instances, blood glucose 

readings recorded, and messages to and from the HCPs 

were recorded at the group level.   

Not reported.  
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Grady (2017) RCT The number of messages received over the duration of the 

intervention.  

After 12 weeks, HbA1c decreased by 1.08% in those participants (n=20) 

who received at least 10 of the maximum 12 text messages, compared 

with a 0.54% decrease in HbA1c in participants using the meter alone 

(n=66). 

Kumar (2018) Prospective 

cohort study 

The number of days the application was used over the 

duration of the intervention. 

Among active users, the unadjusted mean change in HbA1c at 12 weeks 

was –1.00% (95% CI, −1.23 to –0.77, p<0.001). After adjustment for a 

priori co-variables, the estimate was slightly attenuated to −0.96% (95% 

CI, −1.20 to −0.73).  

Berman 

(2018) 

Prospective 

Cohort study 

The average number of recorded app actions per day. Among participants with a baseline HbA1c >7.0% who did not change 

medications during the study period, the lowest tertile of engagers 

reduced HbA1c by 0.9% (SD 1.3). In contrast, the highest tertile of 

engagers reduced HbA1c by 1.3% (SD 1.0), p=.03.  

Kim (2016) Prospective 

cohort study 

 

Input frequency for blood glucose readings over the 

duration of the intervention.  

HbA1c reduced significantly for participants who input readings at least 

once a day (7.9%±0.7% to 7.1%±0.5% (p=0.0005)), whereas there was no 

significant decrease for participants who input readings less than once a 

day (7.4%±0.7% to 7.2%±0.7%, p=0.24). The HbA1c reduction was 

correlated with the average number of daily glucometer inputs (r=–0.57, 

p=0.0013). Participants were divided into three groups (according to the 

average number of the glucose meter inputs). The upper tertile had a more 
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significant improvement in SDSCA (Summary of Diabetes Self-Care 

Activities) scores than the lower tertile.  

Koot (2019) Prospective 

cohort study 

The number of interactions with the app each week and the 

number of messages sent to the health coach per week.  

HbA1c decreased by an average of 1.0 percentage points more among 

those who logged their weight more (p=0.007).  

Wood (2015) Prospective 

cohort study 

Subjective measures of acceptance included comfort with 

and convenience of using the app. The number of times the 

app was used was reported as a group average.  

Not reported.  

Munster-

Segev (2017) 

Prospective 

cohort study 

Due to technical reasons, data regarding the extent of use 

of the app was not available.  

Not reported.  

Wayne (2016) Retrospective 

data analysis 

 

The number of times each feature (tracker) within the app 

was used per week.  

Participants who used the app (n=39) were more likely to achieve a 

clinically significant reduction in HbA1c if they used one or two trackers 

than if they used all three trackers (OR 0.18, p=.04).  

Vehi (2019) Retrospective 

data analyses 

Number of logins per month.  Significant reductions in blood glucose levels were found in all groups, 

independent of the use frequency of the app. 
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3.6 Discussion 

Our systematic review is the first to investigate user engagement in studies assessing the 

effectiveness of T2D self-management apps. We found that just over half of the 

included studies assessed engagement, predominantly operationalised as usage. Usage 

was reported inconsistently, including, but not limited to, the number of logins, number 

of interactions, frequency of feature use, frequency of user entries into the app, and 

number of interactions with HCPs and research staff. The timepoint/s and frequencies at 

which usage was measured also varied (use per day, per week, per month, or throughout 

the intervention). Eleven of the 20 studies that reported usage of T2D self-management 

apps investigated associations between usage and effectiveness.   

Our overall observation was that there was preliminary evidence of a dose-response 

relationship in studies that assessed usage, with greater usage associated with better 

health outcomes.  For example, Agarwal et al. (2019) reported that each additional day 

of app use corresponded with a proportional decrease in participants’ HbA1c levels. The 

primary implication of this preliminary finding is that increasing user engagement may 

improve app effectiveness. Consequently, improving user engagement with apps may 

be a worthwhile focus for future research. Some examples of achieving greater 

engagement include applying engagement theory, improving user experience, tailoring 

the app to specific users or user groups, and defining what effective engagement is for a 

specific app with a particular purpose (Karekla et al., 2019; Yardley et al., 2016).  

It must be noted that the potential dose-response relationship cannot be confirmed with 

confidence because of the observed heterogeneity in metrics used to measure 

engagement and insufficient evidence to draw inferences about a causal relationship 

between engagement and effectiveness. More high-quality intervention studies reporting 
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engagement in a standardised manner, allowing for pooling of data, are needed to 

corroborate these initial findings.  

Our review also demonstrates that engagement is still almost exclusively 

operationalised and assumed to be synonymous with usage in effectiveness studies of 

T2D self-management apps. None of the studies operationalised engagement as a multi-

dimensional construct incorporating the subjective experience of the user (Perski et al., 

2017). The two studies that did report subjective user experience did so as a process 

outcome and not as a means to investigate a potential association between user 

engagement and health outcomes. The attributes of user engagement are intricately 

linked to a user’s interaction with a particular app or a user’s experience, and more 

research is needed to understand how a user’s experience influences engagement 

(O'Brien & Toms, 2008). We recently tested the effectiveness of a T2D self-

management app, My Diabetes Coach and explored users’ experiences with the app 

(Baptista, Wadley, Bird, Oldenburg, & Speight, 2020; Gong et al., 2020). Our next steps 

will investigate the link between user engagement (measured by subjective and 

objective measures) and effectiveness.  

In the health apps domain generally, user engagement is commonly assumed to be 

synonymous with usage. For example, metrics of use, including duration and frequency 

of use, are often used to operationalise engagement and association with outcomes 

(Glasgow et al., 2011; Guertler et al., 2015). However, the assumption of usage being 

synonymous with engagement is problematic because it presents an incomplete picture 

of the affective and cognitive components of a user’s experience (Perski et al., 2017). 

Furthermore, usage alone cannot reveal activities conducted between sessions that can 

represent meaningful engagement. Second, cessation of use may be indicative of the 
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progress of achievement of a goal – e.g., habituation, automation of the self-care 

behaviour no longer requiring support from the app – and may not necessarily reflect 

lack of engagement (Smith, Ploderer, Wadley, Webber, & Borland, 2017). Third, usage 

cannot give us any information about the quality of the user’s interactions with an app. 

For example, a user may complete two app sessions presenting different content in the 

same amount of time but find one session more useful or relevant than the other. This 

subjective difference cannot be captured by usage alone. We recommend that future 

T2D effectiveness studies consider combining a subjective component of engagement 

informed by users’ experiences with usage data to understand user engagement and its 

link to effectiveness (Perski et al., 2017; Yardley et al., 2016). 

Engagement (operationalised as usage) was reported in only 20 out of 36 studies. One 

explanation for this may be that there is currently no single, widely accepted, validated 

scale for engagement. There have been some recent advancements in this area, with 

several user engagement scales proposed. For example, Taki et al. (2017) developed an 

‘engagement index’ utilising app analytics and user feedback to assess engagement with 

an app targeting childhood obesity that included measures of click depth (number of 

pages of the app viewed per session/day, loyalty (frequency of use throughout the 

study), interaction (number of notifications viewed), recency (the gap between sessions) 

and feedback (subjective measures of user satisfaction). A user engagement scale 

initially developed by O’Brien et al. and initially tested using an online shopping 

experience was successfully applied to measuring engagement with health apps 

(Holdener, Gut, & Angerer, 2020; O'Brien & Toms, 2010). Finally, building on their 

previous work on defining engagement with digital health behaviour change 

interventions,  used deductive methodology to develop and test an engagement scale 

incorporating five ‘indicators’ of engagement: amount of use, depth of use, attention, 
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interest, and enjoyment (Perski et al., 2020). Although the scale had acceptable internal 

reliability, the scale had limited criterion validity divergent validity. Furthermore, the 

scale was unable to predict subsequent logins. Although these recent advancements 

represent significant progress in the study of user engagement, more research is needed 

to develop a widely accepted, validated scale of user engagement.  

An additional hurdle to standardising the reporting of user engagement is that there is 

no widespread agreement on what methods should be employed to measure 

engagement. Our review corroborates previous research highlighting the over-reliance 

on usage data as the sole source of engagement metrics (Short et al., 2018). However, 

there are a wide variety of complementary methodologies available to researchers that 

can be used to measure components of user engagement, including surveys, ecological 

momentary assessments, and sensor data. Researchers should consider combining data 

from one or more of these methods to usage data to obtain a more detailed picture of 

engagement, which will, in turn, assist in understanding the link between engagement 

and effectiveness. 

Finally, our review demonstrates little agreement about the timepoint/s at which 

engagement needs to be assessed. Although some studies in our review reported usage 

data at the end of the intervention period, others reported daily, weekly or monthly 

metrics. The timepoint/s at which engagement is best measured for greatest accuracy 

and meaningfulness is not clear.  For example, Perski et al.’s (2020) engagement scale 

was administered to users immediately after their first session with the ‘Drink Less’ 

app. Perhaps, as a consequence, it did not successfully predict subsequent usage over 

time. Measuring engagement at the start of exposure may not be meaningful because, 

akin to any relationship, user engagement with an app may take time to develop as a 
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user becomes more familiar and forms a connection with it. Future research should 

focus on mapping out trajectories of user engagement to determine potential time points 

at which an engagement measure would be most accurate and informative.  

The included studies were generally of low quality, with only 17% of the included 

studies considered good quality, all of which were RCTs. Although blinding of 

participants and researchers is regarded as a critical component of quality to avoid bias, 

blinding is difficult to achieve with technology-based intervention studies. This 

difficulty in blinding is typical of technology-based interventions, making them 

fundamentally different to pharmaceutical trials. With the exponential increase in the 

utilisation of apps and similar technology to deliver a wide range of interventions 

promoting health, an essential endeavour for future research is to develop quality 

indicators that are better suited to app-based studies without compromising rigour.  

3.6.1 Strengths and limitations  

The strengths of our review were that we followed PRISMA guidelines and registered 

our protocol. One of the limitations of this review is that although we deliberately chose 

to include all effectiveness studies to address our research aims, the primary objective of 

the included studies was to assess effectiveness, which does not necessitate an 

assessment of engagement. Another limitation is that the interventions often had 

multiple components, and some of their effects could be attributed to user engagement 

with elements other than the app. Finally, without exception, included studies could not 

achieve true blinding of participants and researchers and were assessed to be of a lower 

quality despite methodological rigour in other aspects of the design.  

3.6.2 Conclusions 

Our systematic review is the first to investigate the relationship between user 



145 
 

engagement with T2D self-management apps and their effectiveness. We report some 

evidence of a dose-response relationship. Our findings provide preliminary evidence for 

the crucial role of user engagement in determining the utility of such apps for improving 

the health and well-being of people with T2D. A comprehensive engagement metric 

should include objective and subjective components, be measured using a combination 

of methods, and be taken at more than one time point for it to be most meaningful. 

Future app-based intervention research should focus on improving user engagement, as 

our systematic review demonstrates that this is likely to improve health outcomes.   
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Chapter 4: What do user’s want from the ‘perfect’ diabetes self-
management app? 

4.1 Chapter overview  

The literature review (Chapter 2) highlighted the need for more research on what people with 

T2D want from a diabetes self-management app. Specifically, studies with larger sample 

sizes allowing for unrestricted open responses are needed to address some of the 

shortcomings identified in the literature. This study utilises data from an open-ended question 

from a national online survey asking, ‘If you were describing the perfect app to help you 

manage your diabetes, what would it do?’ to investigate what people with T2D want from an 

app supporting self-management. The results from the study are presented in the format of a 

published manuscript.  

Citation: Baptista, S., Trawley, S., Pouwer, F., Oldenburg, B., Wadley, G., & Speight, J. 

(2019). What do adults with type 2 diabetes want from the ‘‘perfect’’ app? Results from the 

second Diabetes MILES: Australia (MILES-2) study. Diabetes Technology & Therapeutics, 

21(7), 393-399. doi:https://doi.org/10.1089/dia.2019.0086 
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4.2 Abstract  

Background: We investigated what Australian adults with type 2 diabetes want from the 

‘perfect’ diabetes self-management application.   

Methods: Adults with type 2 diabetes (T2D) completed a national online survey including an 

open-ended question: ‘If you were describing the perfect app to help you manage your 

diabetes, what would it do?’ Qualitative responses were subjected to thematic analysis.  

Results: Of the 339 participants who provided usable responses, 153 (45%) were women, the 

mean age was 58±10 years, and 139 (41%) managed their diabetes with insulin. Two primary 

themes emerged. First, participants expressed a desire for assistance with practical aspects of 

diabetes self-management to improve and reduce the cognitive burden of self-management; 

this included tracking and visualising multiple sources of data, using data to inform 

automated, personalised coaching, reminders and alarms and automating upload and linking 

of data through connected devices. Second, they desired assistance with psychological and 

emotional aspects of diabetes self-management; this included ongoing encouragement and 

motivation, help with stress management or negative emotions and complementing existing 

healthcare by facilitating interconnectivity with health care professionals (HCPs).  

Conclusions: Our findings suggest that different features appeal to different users, but 

overall, the clear desire is for the ‘perfect app’ to reduce not only the practical but also the 

cognitive and emotional burden of diabetes self-management. They provide further evidence 

that understanding the desires of people living with diabetes needs to be the first step in app 

development to ensure that apps provide features, support and benefits that people with 

diabetes value. 
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4.3 Introduction 

Digital health interventions delivered via smartphone applications (‘apps’) have the potential 

to support daily self-management of T2D by providing diabetes education, tracking diabetes-

related data, and facilitating improved communication with health care professionals (HCPs), 

among other functions. Systematic reviews and meta-analyses indicate that diabetes apps can 

improve diabetes management under controlled trial conditions (Aminuddin, Jiao, Jiang, 

Hong, & Wang, 2019; Hou et al., 2018; Liang et al., 2011). 

People with diabetes are enthusiastic about the idea of self-management apps, but very few 

use them regularly (Boyle, Grainger, Hall, & Krebs, 2017; Conway, Campbell, Forbes, 

Cunningham, & Wake, 2016; Dobson & Hall, 2015; Katz, Dalton, & Price, 2015; Trawley, 

Baptista, Browne, Pouwer, & Speight, 2017). Approximately 1,800 diabetes apps are 

available on app stores, but only 1% of people with diabetes use an app for self-management 

(Research2Guidance, 2017). It was noted recently (in a large-scale, online survey) that just 

8% of Australian adults with T2D use apps to support their self-management; these focus on 

blood glucose monitoring (61%), tracking of weight (46%) and physical activity (42%) 

(Trawley et al., 2017). Further, people with T2D are significantly less likely to use a diabetes 

self-management app than those with type 1 diabetes (Trawley et al., 2017). The primary 

reason for low uptake is that people with T2D do not believe they will be useful (Boyle et al., 

2017; Dobson & Hall, 2015; Katz et al., 2015; Trawley et al., 2017). Reviews have reported 

several shortcomings of diabetes self-management apps, e.g. limited functionality (Arnhold, 

Quade, & Kirch, 2014), requiring manual data entry (Demidowich, Lu, Tamler, & 

Bloomgarden, 2012; Eng & Lee, 2013), lacking personalised, evidence-based educational 

content (Chomutare, Fernandez-Luque, Årsand, & Hartvigsen, 2011; Demidowich et al., 

2012), low usability (Demidowich et al., 2012; El-Gayar, Timsina, Nawar, & Eid, 2013; 

Hoppe, Cade, & Carter, 2017; Quevedo Rodríguez & Wägner), and lacking links to HCPs 
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(Demidowich et al., 2012; El-Gayar et al., 2013). Finally, in recent reviews, experts and users 

alike have rated diabetes apps as having low quality (Chavez et al., 2017; Hoppe et al., 2017). 

Collectively, the evidence suggests that current apps are not providing what people with T2D 

need or want.   

In order to promote better uptake, it is essential to better understand the desires of actual or 

potential users (Katz et al., 2015). However, few studies have examined what diabetes self-

management app features people with T2D would find useful and what role, if any, they 

perceive apps to play in their self-management. Participants in a pilot study in Canada 

indicated that the features they were most interested in using in the future were blood glucose 

monitoring, dietary planning and the option to communicate with HCPs (Dobson & Hall, 

2015). However, in addition to the small sample size, a limitation of this study was that 

participants were only able to choose from a pre-defined list of diabetes ‘management areas’, 

including physical activity, diet, tracking of blood glucose, reminders and communication 

with peers and HCPs. Similarly, Conway and colleagues also compiled a list of features 

currently available and used a questionnaire to identify that password protection (of personal 

information), diabetes education and blood glucose monitoring were most popular among 139 

adults with T2D (Conway et al., 2016). While these studies suggest directions for future app 

development, their reliance on pre-defined lists limit the conclusions to features that were 

currently available or envisaged by the researchers.  

Focus group interviews with 20 people with T2D revealed that they wanted a consistently 

accessible, ‘one-stop-shop application’, addressing all aspects of diabetes, including medical 

management, management of negative emotions and psychosocial support (Pal et al., 2018). 

Interactive, regularly updated content, peer support, positive messaging, detailed, 

personalised information and user-friendly design were also important. Finally, it was stated 
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that self-management apps should be easily integrated into routine care rather than being 

‘stand-alone’. Similarly, in another study using a focus group approach, people with diabetes 

were asked to give them immediate feedback on four apps reported tracking and visualising 

multiple sources of data, personalised, actionable feedback, realistic goal setting, customised 

reminders and the ability to share data with health professionals (Wei, Shupei, & Holtz, 

2016). Focus groups can be a useful way to identify new ideas, but due to limited sample 

size, the findings need to be replicated in a larger study, unconfined by the limits of a pre-

defined list of potential features.  

Thus, the aim of this study was to explore the free-text responses of a large sample of adults 

with T2D to the open-ended question: ‘If you were describing the perfect app to help you 

manage your diabetes, what would it do?’  

4.4 Methods  

This study used data from the second Australian Diabetes Management and Impact for Long-

term Empowerment and Success (MILES-2) study. The Deakin University Human Research 

Ethics Committee (2011–046) approved this study, and written consent was obtained from all 

participants. The study methods have been described in full elsewhere (Browne et al., 2017). 

Briefly, MILES-2 was a national, cross-sectional survey of Australians with type 1 or T2D, 

aged 18-75 years. The survey focused on the impact of diabetes upon psychological, 

behavioural and social aspects of living with diabetes, using validated scales as well as study-

specific individual items. The main aim was to provide a longitudinal follow-up of the 

original MILES cohort (Speight, Browne, Holmes-Truscott, Hendrieckx, & Pouwer, 2012) 

and a new large-scale, cross-sectional sample. In March 2015, an invitation to complete an 

online survey was posted to 20,000 potential participants identified from the National 

Diabetes Services Scheme (NDSS) database, as well as 2,065 respondents of the original 
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MILES (2011) survey. The study was also promoted through social media (Twitter and 

Facebook), e-newsletters and advertisements in magazines. The final sample of eligible 

participants in the MILES-2 study included 2,342 unique consenting respondents. Of these, 

1,264 (54%) had T2D, 43% were women, and the mean age was 61±9 years. The present 

study will focus on data from the respondents with T2D.  

4.4.1 Measures  

Four study-specific questions were used to assess the use of diabetes-specific apps: those 

results have been published elsewhere (Trawley et al., 2017). The focus of the present study 

is on the free-text responses to a single open-ended question: ‘If you were describing the 

‘perfect app’ to help you manage your diabetes, what would it do?’ Self-reported 

demographic data included age, gender, education, employment status and socio-economic 

status (SES). Postcode was used as a proxy for SES, based on the Index of Relative Socio-

economic Advantage and Disadvantage (IRSAD), one of the Socio-economic Indexes for 

Areas (SEIFA) for Australia (Pink, 2008). For this study, these deciles were collapsed into 

three SES groups, low (1-3), middle (4-7) and high (8-10). Self-reported clinical data 

included the duration of diabetes, treatment regimen, and Haemoglobin A1c (HbA1c).  

4.4.2 Participants  

Eligible participants for the current study were aged 18-75 years, with a self-reported 

diagnosis of people with T2D, living in Australia and able to complete the survey in English 

without assistance.  

4.4.3 Data Analysis  

Participants’ self-reported demographic and clinical characteristics were summarised using 

descriptive statistics. Qualitative responses to the open-ended survey question were analysed 
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using NVivo 11TM following Braun and Clarke’s ‘phases of thematic analysis’ method 

(Braun & Clarke, 2006). In the first step, Shaira Baptista read participant responses to 

familiarise herself with the data. Next, Shaira Baptista developed an initial coding framework 

to describe the thematic contents of the comments using an inductive, data-driven approach. 

Candidate themes were reviewed and refined iteratively by Shaira Baptista in consultation 

with Prof Jane Speight and Dr Steven Trawley. Dr Steven Trawley double-coded 20% of the 

data, and although agreement was high (94%), any discrepancies in coding and interpretation 

of the data were resolved through mutual consensus.  

4.5 Results 

4.5.1 Respondent Sample characteristics 

Of the 1,264 eligible respondents, 559 (44%) did not answer the open-ended ‘perfect app’ 

question.  Of the 707 who did, 285 (40%) responded “don’t know”, 37 (5%) responded ‘don’t 

need’, 19 (2%) responded “don’t use”, and 25 responded with miscellaneous responses that 

were irrelevant to the aims of this study (e.g. “cure diabetes”). Those who did not respond 

had a lower socio-economic status (p<0.001) and were older (p<0.001) than those providing 

eligible responses, while those who responded “don’t know” were also significantly older 

(p<0.001) than those providing eligible responses. Appendix C details the demographic and 

clinical characteristics by response type.   

After ineligible responses were excluded, the free-text responses of 339 (27%) eligible 

participants were analysed. The mean length of usable responses was 23 words (range: 1-253 

words). Forty-eight (14%) of those providing usable responses were ‘currently’ using apps 

for diabetes self-management. They offered slightly longer responses compared to those not 

currently using apps (29 versus 23 words). Table 3 details participant characteristics, as a 

total sample and by treatment type: 153 (45%) were women, mean age was 58±10 years and 
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mean diabetes duration was 10±7 years.  Compared with those managing their T2D with 

lifestyle/tablets, participants with insulin-treated T2D reported a longer duration of diabetes 

(p<0.001), lower socio-economic status (p<0.005), lower education (p<0.001) and higher 

HbA1c (p<0.001). We did not detect differences by age, gender, duration of diabetes or any 

other factors beyond those noted above, and differences were not apparent from repeated 

readings of the data.   

4.5.2 Main themes 

Two overarching themes emerged from the data: (1) assistance with practical aspects of 

diabetes self-management; and (2) assistance with psychological and emotional aspects of 

diabetes self-management. These are described below, along with their sub-themes.  

4.5.2.1 Theme 1: Desire for assistance with practical aspects of diabetes self-management 

1a. More comprehensive and personalised tracking and visualising of data  

Respondents described wanting an app enabling them to track “as much as possible” of their 

self-care activities (e.g. insulin doses and other medication(s), physical activity, food/meals, 

carbohydrates) and health indicators (e.g. glucose levels, mood, sleep, weight, blood pressure, 

hypoglycemic events and hyperglycaemia). In addition, to this daily tracking, participants 

also wanted to track other aspects of their health and medical history (e.g. sick days and 

clinical test results, such as HbA1c). As one participant noted: “There needs to be a single 

app that tracks EVERYTHING”. The ability to track over the long-term was also requested: 

“Keep track of blood sugar level readings over a long period of time, e.g. 1-2 years. Keep 

track of my medications, dosage levels and changes” and “provide a full history of blood 

glucose readings with complementary HbA1c data to get a full overview of diabetes 

progress”. 
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Respondents desired a greater ability to personalise how they track their glucose levels. For 

example, being able to adjust the timing of readings, “to test my blood sugars just before I 

eat and then 2 hours after I eat”, or to place glucose readings in context, “variation in meal  

Table 3: Demographic and clinical characteristics of the total sample and by treatment type 

  

  

Total sample 

(N=339) 

Insulin treated 

(n=139) 

Non-Insulin 

treated (n=202) 

Gender: Female 153 (45%) 63 (45%) 90 (45%) 

Age, years 58±10 58±9 59±10 

Socio-Economic Status Low 69 (21%) 30 (22%) 39 (20%) 

  Medium 120 (35%) 48 (35%) 72 (36%) 

  High 145 (43% 59 (42%) 87 (43%) 

Education, highest level: Year 10 66 (19%) 34 (24%) 32 (16%) 

 Year 12 or Apprentice 140 (41%) 58 (42%) 82 (41%) 

 Graduate/Post-graduate 132 (39%) 46 (33%) 86 (43%) 

Diabetes duration, years 10±7 14±6 8±6 

HbA1c: unknown 69 (20%) 29 (20%) 40 (19%) 

Self-reported HbA1c, % (mmol/mol) 7.3±2.0 (56±44)  7.7±1.7 (61± 37)  7.0±2.2 (53±50)  

Currently using app(s) for diabetes self-

management: Yes 

48 (14%) 19 (14%) 29 (14%) 

 

times against blood glucose levels” and “write notes against each of the (blood glucose) 

readings to have a record of why levels were high/low” to understand how “unusual 

activities, stress etc.” can impact glucose levels. There were requests for comprehensiveness, 

that is an app that could “take blood sugar all day”, allowing for a “continuous picture of 

blood glucose levels”. Finally, respondents asked for tracked data to be presented in a way 

that was easy to understand and interpret, for example, “visual graphs to show management 

within and outside of normal range” and to “present information in a dashboard for overall 
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view” to “provide information about how my diabetes management is going in a 

visual/graphical manner”.  

1b. Automated, personalised diabetes management coaching  

Respondents suggested that assistance with decision making based on their historical data 

would be a useful feature. For example, an app could recommend certain self-care actions 

based on previous glucose readings: “if the prick test results are trending up, it could prompt 

for more frequent prick tests” or “suggest remedial action where there is a problem”. Such 

prompts could also be based on past behaviours, e.g.“it would monitor your intake whatever 

it may be and inform you of what you could eat for the remainder of the day, including taking 

into account your exercise”. 

While some respondents were looking for an app to provide direct instructions: “exactly what 

to eat and do according to (my) readings”, others were looking for more general coaching, 

such as “suggestions on how to improve your diet and exercise”, or real-time feedback: “I 

could set goals, and the app could give me ideas on how to reach those goals. For example, if 

I set a goal to burn 8000 kJ each day and I had recorded that I had walked for 40 minutes. 

The app could give me calculated ideas on how to make up the difference” and 

encouragement: “instant appraisal of how my management is going against targets set by me 

or my doctor”. 

1c. Reminders and alarms for optimal self-care and safety 

Requests for reminders were related to daily glucose monitoring, medication taking and other 

aspects of self-care. For example, “remind me to do the blood sugars, remind me when to 

inject insulin and the dose” and about “diet and exercise”. Also requested were reminders to 

attend or make appointments with HCPs and for regular clinical tests and follow-ups. Alarms 
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could provide “warnings given if health indicators fall outside a safe range”. It was 

suggested that the ‘perfect app’ could play the role of a guardian, “warning about [going] too 

high or too low” or “alert me when I need to take my medication”.  

Respondents with insulin-treated T2D requested alarms to alert them to hypoglycemia, 

whereas those managing T2D with lifestyle and/or oral medications requested alarms alerting 

them to hyperglycaemia, e.g. “alert to areas of attention, i.e. entering into a high blood sugar 

level. Suggested strategies to consider” and perceived sub-optimal management, that is 

“provide warnings when diabetes management is not in control”. 

1d. Automating upload and linking of data, with the option to share with HCPs 

The ability to reduce manual data entry by capitalising on automatic data uploads and 

connected personal devices was described as a useful feature. For example, respondents 

requested that an app “interfaces wirelessly to [a] blood glucose meter” so that glucose 

readings are uploaded automatically and viewable on a smartphone: “it would be able to 

measure and record [glucose] seamlessly without needed to enter it [manually]”. There were 

also requests for the data to be viewed via a screen other than a smartphone: “it would auto-

sync with software on my computer so that I can keep track of what is happening from my 

computer rather than from my phone”. 

Respondents wanted to use apps not only to link, upload and track their data but also to “have 

the option to link [the data] with [a] general practitioner, endocrinologist or diabetes 

educator”. It was also suggested that “having a graphing element to use when talking to 

HCPs” would be useful “so a health professional could give feedback and suggestions on 

results”.  

Beyond glucose readings, other requests for integrated data sources included food diaries, 
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physical activity, weight, stress, mood, blood pressure and clinical test results. Among 

respondents with insulin-treated T2D, the desire for automatic uploading of glucose readings, 

carbohydrate and insulin doses was expressed, whereas those not using insulin were more 

likely to want automatic linkage between blood glucose data, food diaries physical activity 

(e.g. recorded steps) and weight.  

4.5.2.2 Theme 2: Desire for assistance with psychological and emotional aspects of diabetes 

self-management 

2a. Provision of ongoing encouragement and motivation 

Respondents described a desire for an app to “encourage [them] through the day to exercise 

and move and choose the right food to make [them] feel [their] best”, to “be supportive and 

encouraging” and provide “simple tips to give [them] confidence and reassuring support” 

and enable them to “take charge of [their] life”. Respondents were seeking extrinsic 

motivation, with gamification of daily diabetes self-care activities, e.g. “some type of visual 

reward....a happy face sticker or mini-game to reward you for recording each day... Incentive 

plus positive reinforcement. Tips or positive affirmations to help you stay positive”.  

Others requested“not to be patronised by telling [me I am] doing very well”. They referred to 

the need to keep diabetes in perspective by acknowledging that perfect diabetes self-care is 

unattainable, and for an app to reassure them that they are “normal”, and “accept that once 

in a while I might have a piece of honey toast, which really puts the [glucose] reading up but 

accept that it is a one-off situation”.  

2b. Support for stress management and wellbeing 

Participants wanted an app to “suggest how to improve your wellbeing” and how to be “less 

dependent on other people”. They were also looking for support in dealing with feelings of 



169 
 

guilt, for example, being able to eat “a special treat…with less guilt”. Finally, it was 

important for an app to “understand and suggest hints during times of stress” and to “alert 

you when you’re experiencing stress and anxiety episodes which are impacting on your 

general wellbeing”.  

4.6 Discussion 

This is the first large-scale study addressing the question of what adults with T2D want from 

the ‘perfect’ diabetes management application. Two primary themes emerged from the data: 

(1) desire for assistance with practical aspects of diabetes self-management and (2) desire for 

assistance with psychological and emotional aspects of diabetes self-management. For theme 

1, respondents wanted apps that could: track multiple sources of diabetes-related data and 

visualise trends, use data for personalised coaching, reminders and alarms, automate data 

uploads and connect devices with an option to share data with HCPs. For theme 2, 

respondents wanted an app to provide: ongoing encouragement and motivation, as well as 

support for dealing with negative emotions.  

The data tracking sub-theme highlights the importance of personalisation, comprehensiveness 

and ease-of-use in how data are tracked and visualised to enable sense-making, i.e. using data 

from multiple sources to understand how glucose levels interact with other factors in either 

the details of daily self-management or in stepping back to see and track the “bigger picture”. 

Achieving glucose targets on a day-to-day basis can be difficult because of the interaction of 

numerous factors that are difficult to track and visualise in one place. Research has shown 

that monitoring and associating glucose levels with other behaviours that might affect them, 

such as physical activity, may help people to develop the skills, confidence and motivation 

needed to improve self-care (Årsand et al., 2012; Fisher et al., 2012). Additionally, apps that 

enable analysis and interpretation, resulting in explicit and specific actionable 
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recommendations and feedback, are more beneficial than those that do not (Fu, McMahon, 

Gross, Adam, & Wyman, 2017; Wei et al., 2016). For example, people with diabetes have 

found specific advice about how a particular meal can be improved (e.g. nutritional content 

comparisons), meal suggestions and food preparation tips are more useful than non-specific, 

general nutritional education and recommendations (Årsand et al., 2012; Wei et al., 2016).  

Although some participants desired autonomy consistent with a ‘quantified self’ management 

style (Gimpel, Nissen, & Görlitz, 2013), others desired more explicit decision support or 

coaching based on their personal data. These differences likely reflect individual differences 

in self-management styles, confidence in knowledge/skills, and motivation. For example, 

those who requested numbers may be intrinsically motivated and perceive themselves to be 

“experts” in their own care. On the other hand, those who ask for explicit coaching may be 

less confident in their self-care knowledge and skills and/or may be more extrinsically 

motivated. Understanding the role that these factors play in the type of support an individual 

requires of diabetes self-management apps is a compelling avenue for further research.  

Automatically uploading data collected via linked devices can eliminate the need to track 

data manually, a significant deterrent to the uptake of diabetes apps (Katz, Price, Holland, & 

Dalton, 2018). Alerts and alarms can improve (perceived and actual) safety by providing 

warnings of hypoglycemia or hyperglycemia and improve self-management outcomes by 

improving the regularity of medication taking, physical activity and clinical tests and 

appointments with HCPs. A recent finding that nearly a quarter of people with type 1 and 

T2D report recently forgetting their diabetes medication highlights the importance of 

reminders (Trawley et al., 2017). Including the option to share data with HCPs has been 

shown to improve the efficacy of diabetes apps (Greenwood, Gee, Fatkin, & Peeples, 2017; 

Holmen, Wahl, Cvancarova Småstuen, & Ribu, 2017). Our study corroborates findings from 
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previous research that interconnectivity with HCPs is desired by people with diabetes and 

highlights the need for high-quality studies that assess the impact of this function (Dobson & 

Hall, 2015; Holmen et al., 2017; Pal et al., 2018). It is also important to address the 

significant barriers to integration at an individual level (e.g. insufficient time to review and 

interpret large volumes of patient-collected data, the perception that data are unreliable) 

(Drincic, Prahalad, Greenwood, & Klonoff, 2016), and at a systems level (data 

incompatibility, security and privacy and reimbursement models) (Kuehn, 2015). For 

diabetes-self management data to be integrated into routine care, these issues will need to be 

addressed.  

Previous research highlights the importance of psychosocial support for people with diabetes 

(Katz et al., 2015; Pal et al., 2018). Apps that provide support with stress management and 

problem-solving have increased diabetes-related self-efficacy and reduced diabetes-related 

distress as well as HbA1c (average glucose over the past 8-12 weeks) (Osborn et al., 2017). 

However, support with the emotional aspects of diabetes (e.g. specifically focused on 

diabetes distress or fear of hypoglycemia) is the least common feature among diabetes apps 

(Breland, Yeh, & Yu, 2013), and our findings suggest that this gap in the provision of support 

needs to be addressed.  

The landscape of diabetes apps is evolving rapidly, and there are now apps available that 

offer some of the features desired by study participants. For example, the BlueStar® Diabetes 

app by WellDoc (Quinn et al., 2008), Tactio Health and My Connected Health Logbook 

(Chavez et al., 2017; Quevedo Rodríguez & Wägner) offer advanced features, such as 

personalised real-time feedback, interconnectivity with blood glucose meters, fitness trackers 

and the ability to share data with HCPs. The One Drop app (Kumar, Moseson, Uppal, & 

Juusola, 2018) delivers diabetes self-management education, psychosocial support and access 



172 
 

to a Certified Diabetes Educator for additional support and encouragement. Sugar IQ (Lovett, 

2018), a collaboration between Medtronic and IBM Watson, will track and integrate glucose 

levels and meal content and recommend future meal adjustments or other behaviours to 

improve their glucose readings. Although predictive analytics are promising, if rule-based 

algorithms are to be used to interpret data and make recommendations such as insulin 

dosages, care must be taken not to trigger incorrect models, which could do more harm than 

good (Huckvale, Adomaviciute, Prieto, Leow, & Car, 2015), and to ensure that the ‘advice’ is 

provided in a constructive and encouraging way, so that does not berate the person for past 

‘poor choices’ (Speight, Conn, Dunning, & Skinner, 2016). Several organisations (including 

the US Food and Drug Administration, the UK’s National Health Service and the American 

Diabetes Association) are working to develop regulations that assess “safety and effectiveness 

without inhibiting access” (Pickering, 2019). In addition, user groups and communities are 

also developing their own lists of preferred and recommended apps (e.g. DiaDigital 

(DiaDigitalApps, 2019), My Health Apps (MyHealthApps, 2019)). Regardless of recent 

advances, most available apps have limited functionality, are not evidence-based and are not 

integrated into routine care.  

Most previous research of this nature has used small samples for laboratory-based usability 

testing or in-depth interviews. Thus, the sample of over 300 achieved in the current study is a 

strength, though the valid response rate to the open-ended question (27%) is a limitation. One 

possible reason for the low response rate is that within the MILES-2 survey sample, most 

people with T2D had primary education or less (67%) and reported a residential post-code 

from a lower SES area (61%) (Trawley et al., 2017). It is possible that the lower response rate 

from those with a low SES may reflect barriers to app use, and this needs to be explored 

further. With a mean age of 58±10 years, the sample is reasonably representative (45% of 

Australians with T2D are aged 50-69 years) (National Diabetes Services Scheme, 2018). 
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However, 39% of Australians with T2D are aged 70+ years, and we cannot generalise our 

results to this group or to the increasing population of younger people with T2D. Different 

generations of people with T2D are likely to have different expectations with diabetes self-

management apps. Thus, more research on the acceptability, usability and feasibility of app 

content and features as a function of age and familiarity with apps is warranted. With 40% 

managing their diabetes with insulin, the views of this growing cohort are well-represented 

(National Diabetes Services Scheme, 2018). However, differences in support desired by 

treatment type warrant further investigation. In our study, respondents with insulin-treated 

T2D varied from those not using insulin in the type of data they preferred to track, the advice 

they wanted, and the types of alarms and reminders they would find useful.   

A key strength of this study is the open-ended nature of the question, which gave participants 

the freedom to interpret the question and respond to it without restriction. This was a critical 

aspect of the research because it created the potential to explore previously unknown aspects 

of app features for diabetes self-management. The survey methodology, while enabling a 

large sample for qualitative research, was also a limitation because some responses lacked 

detail or were incomplete. Further, analysis and interpretation were limited by ambiguities in 

the meaning of participant responses, as well as the lack of opportunity to explore themes 

further with participants and clarify their responses.  

Providing what users need and want does not guarantee engagement with an app. An in-depth 

exploration of the lived experiences of people with T2D using self-management apps in the 

real world (within the context of their everyday lives and using their own phones) is needed 

to understand the context within which they are used, the content and delivery formats that 

are considered to be useful, and how user characteristics such as existing diabetes knowledge, 

diabetes management style and familiarity with apps interact to influence actual use and 
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engagement. We also recommend that developers take user perspectives into consideration 

when they examine important issues of app quality, security and relevance of educational 

content, rather than relying on professional/technical input alone(Chavez et al., 2017; 

Demidowich et al., 2012; Hoppe et al., 2017).  

In summary, diabetes self-management applications have the potential to support self-

management and reduce the burden of living with diabetes. Our data suggest that this means 

that different features will appeal to different users, but overall, the clear desire is for the 

‘perfect app’ to reduce the practical, cognitive and emotional burden of diabetes self-

management. While academic research demonstrates that diabetes-self management apps 

need to be theoretically informed and evidence-based (Hou et al., 2018; Liang et al., 2011), 

this study provides compelling evidence that fully understanding the needs and desires of 

people with diabetes through their lived experiences is a critical starting point to provide 

features, support and benefits that they value most. 
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Chapter 5: Users’ experiences with a type 2 diabetes self-management 
app 

5.1 Chapter Overview  

The need for more studies assessing users’ experiences with type 2 diabetes (T2D) self-

management apps was identified as a critical gap in the existing literature (Chapter 2). This 

chapter presents the findings from an in-depth investigation of the experiences of a varied 

sample of people with T2D using a self-management app on their own devices for up to 12 

months. The details of this study are presented as a manuscript published in JMIR Diabetes.  

Citation: Baptista, S., Wadley, G., Bird, D., Oldenburg, B., & Speight, J. (2020b). User 

experiences with a type 2 diabetes coaching app: qualitative study. JMIR Diabetes, 5(3), 

e16692. doi:https://doi.org/10.2196/16692 

https://doi.org/10.2196/16692
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5.2 Abstract  

Background: Diabetes self-management apps have the potential to improve self-

management by people with type 2 diabetes. Although efficacy trials provide evidence of 

health benefits, premature disengagement from apps is common. Therefore, it is important to 

understand factors that influence engagement in real-world settings. 

Objective: To explore users’ real-world experiences with the ‘My Diabetes Coach’ self-

management app.  

Methods: We conducted telephone-based interviews with participants who had accessed the 

‘My Diabetes Coach’ self-management app via their own smartphone for up to 12 months. 

Interviews focused on the users’ characteristics, the context within which the app was used, 

barriers and facilitators of app use, and on the design, content and delivery of support within 

the app.  

Results: Nineteen interviewees were aged 60 (SD=14) years. Eight (42%) were women. 

Eight (42%) participants had type 2 diabetes for less than five years, eight (42%) for five-ten 

years and three (16%) for more than ten years. Two themes were constructed from interview 

data: 1) the moderating effect of diabetes self-management styles on needs, preferences and 

expectations and 2) factors influencing users’ engagement with the app: one size does not fit 

all.   

Conclusions: User characteristics, the context of use and features of the app interact and 

influence engagement. Promoting engagement is vital if diabetes self-management apps are 

to become a useful complement to clinical care in supporting optimal self-management. 

Trial registration: ANZCTR ID CTRN12614001229662. 
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5.3 Introduction 

By 2045, 693 million people will be living with diabetes, the majority with type 2 diabetes 

(T2D) (N. H. Cho et al., 2018). Diabetes self-management behaviours, including blood 

glucose monitoring, healthy eating, being physically active and taking prescribed 

medications, can improve diabetes-related outcomes, reduce complications and improve 

quality of life, but these behaviours can be difficult to initiate and sustain (Shrivastava, 

Shrivastava, & Ramasamy, 2013). Diabetes self-management education and ongoing support 

are considered critical for establishing and maintaining self-care routines (Norris, Engelgau, 

& Narayan, 2001). However, uptake of face-to-face educational programs is low due to 

several factors, including difficulty in attending due to medical, financial or transport issues, 

lack of perceived benefits and shame/stigma (Chatterjee et al., 2018; Horigan, Davies, 

Findlay‐White, Chaney, & Coates, 2017; K. Winkley et al., 2015; Kirsty Winkley et al., 

2016). Furthermore, the provision of ongoing support is difficult because of resource 

constraints and issues of reach and scalability (Chatterjee et al., 2018). An increasingly 

common strategy to address these challenges has been to use smartphone applications as a 

means to deliver diabetes education and self-management support to complement clinical 

care.  

The evidence for the efficacy and acceptability of diabetes self-management apps is 

increasingly robust (Aminuddin, Jiao, Jiang, Hong, & Wang, 2019; Hou et al., 2018; Liang et 

al., 2011; Torbjørnsen, Ribu, Rønnevig, Grøttland, & Helseth, 2019). However, research 

trials typically focus on overall efficacy, not individual differences in user experiences and 

cannot shed light on factors that influence engagement (Fu, McMahon, Gross, Adam, & 

Wyman, 2017; Glasgow et al., 2011; Tatara, Årsand, Bratteteig, & Hartvigsen, 2013). This is 

a gap that needs to be addressed if apps that demonstrate efficacy in controlled trial settings 
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are to be translated into effective real-world interventions (Karekla et al., 2019; Milat, King, 

Bauman, & Redman, 2012).  

The lower or lack of engagement with diabetes self-management apps is often attributed to a 

mismatch between what people with type 2 diabetes want and the functions provided by apps, 

loss of motivation, and the difficulty integrating app use into everyday life (Anderson, 

Burford, & Emmerton, 2016; Baptista et al., 2019; Eysenbach, 2005; Scheibe, Reichelt, 

Bellmann, & Kirch, 2015; Tatara, Årsand, Skrøvseth, & Hartvigsen, 2013; Trawley, Baptista, 

Browne, Pouwer, & Speight, 2017).  Research suggests that multiple factors, including 

treatment, attitudes to self-management and existing knowledge, influence the needs and 

preferences of people with T2D (Scheibe et al., 2015). For example, people with newly 

diagnosed diabetes favour apps that educate them about diabetes, while those with more 

experience of living with and managing diabetes express frustration with basic education 

materials and are keen to see more ‘cutting edge’ news and links for further reading (Ancker 

et al., 2015; Kelly, Jenkinson, & Morley, 2018; Nelson, Mulvaney, Johnson, & Osborn, 

2017). Those who have been living with diabetes for longer engage with technology to refine 

care routines, whereas those less experienced use diabetes self-management tools to establish 

routines, for example, by troubleshooting out-of-range blood glucose readings (Mamykina, 

Miller, Mynatt, & Greenblatt, 2010; Tatara, Årsand, Skrøvseth, et al., 2013). Finally, those 

with more experience are less willing to explore new options, including apps, especially if the 

benefits are uncertain and the effort is substantial (Vuong et al., 2012). Unfortunately, 

participants in these studies were either asked to give feedback on apps they had not used 

before or to use unfamiliar devices. These limitations precluded an in-depth examination of 

user experiences over time and in the context of participants’ everyday lives.  

Therefore, the aim of our study was to investigate users’ experiences of a diabetes self-
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management app (‘My Diabetes Coach’) accessed via personal devices and used in the 

context of everyday life over a prolonged period; and to understand the interplay between 

users’ characteristics, needs and preferences and engagement with a diabetes self-

management app.  

5.4 Methods 

5.4.1 Design and Ethics 

This qualitative study was a sub-study of a randomised controlled trial testing the efficacy of 

a T2D self-management app: My Diabetes Coach (MDC). The trial was conducted from 2014 

to 2018 (Australia New Zealand Clinical Trials Registry ID ACTRN12614001229662) 

(Baptista, Zemanek, Shetty, Bird, & Oldenburg, 2018; Oldenburg, Baptista, Bird, Shetty, & 

Zemanek, 2018). The University of Melbourne’s Human Research Ethics Committee 

approved this study (HREC Number: 1442433). In-depth, semi-structured interviews were 

conducted to evaluate the MDC app in terms of users’ experiences. We used a qualitative 

approach to explore subjective perspectives constructed from the experience of people with 

T2D using a self-management app in the context of their everyday lives (Braun & Clarke, 

2013).  This report is consistent with the ‘Consolidated criteria for reporting qualitative 

research’ (COREQ) checklist (Appendix A) (Tong, Sainsbury, & Craig, 2007).  
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5.4.2 Intervention description 

The MDC app was designed to provide education, support and feedback on diabetes self-care 

using weekly sessions or ‘appointments’ with an embodied 

conversational agent: ‘Laura’ (Figure 5). Laura had human-

like characteristics and mimicked human conversation using 

interactive voice recognition (IVR) and a database of pre-

recorded conversational elements. Laura conversed with 

users either via spoken voice or text, using sophisticated 

script logic. The app’s script logic was personalised by 

incorporating information and targets provided by users’ 

HCPs (e.g. blood glucose monitoring targets). Users were 

able to respond to Laura by speaking, inputting text, or 

touching an option on the screen. The program was designed 

to enable responses made in a preceding session to dictate the 

direction of the next session with the user, enabling a high 

degree of personalisation.  

The first “appointment” with Laura was scheduled to suit the user and thereafter occurred at 

the same time every week, with some flexibility, enabling users to complete their 

appointment up to 48 hours after the planned time. Users could choose a particular module 

from those available but were required to complete the module over a series of sessions 

before moving to a new one. Available modules included blood glucose monitoring, 

nutrition, physical activity, medication taking and foot care. The app applied several 

gamification elements, including goal setting, monitoring of progress, feedback and quizzes 

(Cugelman, 2013).   

Figure 5: Embodied 

conversational agent 'Laura' 
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Throughout the trial, users had access to a program coordinator to assist them with technical 

difficulties. They were also given an ACCU-CHEK® Advantage blood glucose-monitoring 

device with Bluetooth capabilities (Roche Diabetes Care), enabling the automated upload of 

glucose data to the MDC app. Finally, the app had inbuilt links to a website with diabetes 

resources and a user guide for the app.  

5.4.3 Study Participants and Recruitment 

Invitations to participate in the MDC trial were sent (by mail) to adults with T2D (in New 

South Wales, Queensland, Victoria, and Western Australia) registered with the National 

Diabetes Services Scheme (NDSS). Participants were eligible if they were: adults aged >18 

years, diagnosed with T2D; registered with the NDSS for <10 years; had access to a 

smartphone (with an operating system of at least iOS8.0 for Apple devices or OS4.2 for 

Android); fluent in the English language. The exclusion criteria were: women who were 

pregnant or planning to become pregnant, individuals reporting severe comorbid conditions 

that would prevent participation in the trial and individuals on non-stable doses of diabetes-

related medications.  

Interview participants for the qualitative study were recruited from the intervention arm of 

the MDC trial, all of whom had accessed the MDC app for up to twelve months. Purposive 

sampling was used to achieve variation in user characteristics, including age, gender, 

education, occupation location, duration of T2D, and use of the app (operationalised as the 

number of completed chats). 

5.4.4 Data Collection 

Participants were sent a plain language statement describing the study and required to provide 

written consent. Participant characteristics were collected at baseline via a self-report 

questionnaire, including demographic and clinical details and current health app use.  
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An interview guide was developed to include questions about the user’s self-reported diabetes 

expertise, how they managed their diabetes, when and how they engaged with it, and their 

experience using the app. In-depth semi-structured interviews were conducted by telephone 

(by SB) and recorded using SmartInteraction Suite, a cloud architecture voice-recording 

solution (CTI Group). SB has several years’ experience in diabetes-related research, 

including conducting telephone interviews. She worked as a research assistant on the My 

Diabetes Coach project and was involved with program development, participant recruitment 

and data collection. Many of the participants had interacted with her previously. At the 

beginning of each interview, SB summarised the research and the reasons for her interest in 

it.  

The first two interviews were analysed, and changes were made to the interview guide to 

capture additional information on the context of use and feedback on timing and delivery of 

sessions. Data included researcher observations and post-interview notes. Data collection 

continued until saturation was achieved (19 interviews) as indicated by the recurrence of 

themes and no new themes emerging. Recordings were stored in a secure cloud-based 

location and transcribed verbatim by an accredited transcription service with privacy 

certification. During each interview, the researcher kept notes of points of interest and used 

these as prompts. Immediately after each interview, SB prepared a written summary of the 

interview and relevant observations. These were used to communicate interim findings to the 

wider research team. When appropriate, additional questions were added to the interview 

guide, allowing for further exploration of issues raised by participants that were relevant to 

the research aims. These notes were also used to guide the meaningful interpretation of data 

during data analysis.  
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5.4.5 Data Analysis 

Descriptive statistics were computed for demographic and clinical characteristics as well as 

current app use using IBM’s SPSS v25 statistical package. Data are mean±standard deviation 

(SD) or number (percentage). Raw interview data were imported into NVivo 11 for coding 

and analysis. We followed six steps for thematic analysis with the development of themes 

guided by a priori objectives identified in the aims: 1) data familiarisation; 2) identifying 

initial codes and developing a coding framework; 3) identifying potential themes; 4) 

matching themes to the supporting data; 5) defining and naming themes; and 6) extracting 

relevant themes and producing a description of findings (Braun & Clarke, 2006, 2013). SB 

and GW coded the data. A constructionist approach, focusing on social conditions (user 

profiles, context of use) and structural conditions (app features, delivery of content), was used 

to interpret the data.  

5.5 Results  

Nineteen adults with T2D were interviewed: aged 60±14 years, 42% women. Additional 

participant characteristics are detailed in Table 4. Interview participants were older, more 

educated, had a lower baseline HbA1c and used the app twice as much as those in the 

intervention arm of the MDC trial. The mean duration of the interviews was 51 minutes 

(range: 29 to 79 minutes). 

Two high-level themes were constructed from the data: 1) the moderating effect of diabetes 

self-management styles on needs, preferences and expectations; and 2) factors influencing 

users’ engagement with the app: one size does not fit all. These comprised several sub-

themes, described below (summarised in Table 5). 
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5.5.1 Theme 1: Moderating effect of diabetes self-management styles on needs, 

preferences and expectations 

This theme describes variations in self-management styles and how these influenced app 

preferences. 

5.5.1.1 Self-directed versus externally-directed self-management styles 

When asked to describe how they managed their diabetes and their diabetes knowledge prior 

to using the MDC app, participants expressed very different levels of autonomy, motivation 

and efficacy. Eleven of the 19 participants described themselves as always having had an 

independent, self-directed self-management style. For example, they were intrinsically 

motivated in seeking out diabetes-related information when they were first diagnosed, saying: 

“I’m a bit of a researcher because it’s about my own health”. They also expressed 

confidence in their diabetes knowledge and self-care ability, describing themselves as experts 

in their own care and comparing themselves to “other people [with] diabetes [who] don’t 

have as much knowledge”. A commonly shared characteristic was that they used their 

smartphones for “just about everything” and reported previously using health apps to help 

them achieve their health goals.  

  



193 
 

Table 4:  Participants’ demographic and clinical characteristics and current app use.a 

Characteristics  MDC trial 

(intervention arm) 

sample (n=93) 

MDC interview 

participants (n=19) 

Gender: Female  44 (47%) 8 (42%) 

Age, years  55±10 60±8 

Education, highest level Year 10 10 (11%) 5 (26%) 

 Year 12 or Apprentice 42 (45%) 2 (11%) 

 Graduate/Post-

graduate 

41 (44%) 12 (63%) 

Employment status:                                                         Paid employment 59 (64%) 7 (37%) 

 Retired 22 (23%) 11 (58%) 

 Unemployed or other 12 (13%) 1 (<1%) 

Diabetes duration, years:                                                                       <5  43 (46%) 8 (42%) 

 >5-10 29 (31%) 8 (42%) 

 >10-20 7 (8%) 3 (16%) 

 Unknown 14 (15%) 0 

HbA1c, % (mmol/mol)  7.3±1.5 (56±44) 6.8± 0.9 (51±20) 

General app use:                                                  Multiple times per day 69 (74%) 14 (74%) 

 Once a day 23 (25%) 4 (21%) 

 Less than once a day 1 (1%) 1 (5%) 

Interactions with the MDC 

app: number   

 18±15 36±17 

aData presented as n (%) and means (standard deviation). MDC: My Diabetes Coach 
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In contrast, the remaining eight participants expressed a more externally-directed style and 

did not engage in independent information seeking. Instead, they preferred to rely upon their 

health professionals and diabetes organisations for diabetes-related information. They 

expressed less confidence in their diabetes knowledge, describing it as limited to “only what 

the doctor has told me”. Because they didn’t seek out diabetes information at diagnosis, they 

referred to being “very lost in the beginning, (because] nobody tells you anything”. Although 

most used computers and tablets, they were not as comfortable with smartphones, only using 

them for phone calls and text messaging: “the mobile, it’s just for [an] emergency”. 

Consequently, these participants were less likely to report using other health apps.  

When asked to describe their experiences with the MDC app, there were clear differences 

between participants expressing a self- versus externally-directed self-management style in 

terms of their needs, preferences and expectations. 

Table 5: Interview themes and sub-themes 

Theme Sub-themes 

Moderating effect of diabetes 

self-management styles on needs, 

preferences and expectations 

Self-directed versus 

externally-directed 

self-management 

styles 

Group differences in 

app preferences  

 

- 

Factors influencing users’ 

engagement with the app: One 

size does not fit all  

Interaction mode 

preferences 

Minimising disruption 

to everyday life 

Initiating engagement 
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5.5.1.2 Group differences in app preferences  

The former described how support via an app should ideally account for their existing 

diabetes expertise and be presented to enable them to have the final say in their care: “If I can 

summarise what I look for, it’s not so much “tell me what the answers and solutions are, but 

give me the information, give me the options, I’m making this decision. I’m not looking for 

hand-holding”.  

Consequently, facilitating decision-making by enabling easy tracking of multiple sources of 

health-related data was a key consideration. For example: “track the things that I want to 

track, daily readings, weight, blood pressure, record medication [and] blood test results and 

probably 15 other things that are important to me. If you can’t record something, you can’t 

control something”. The purpose of tracking was to refine established routines and identify 

how specific actions, for example, taking certain supplements like “Chromium Picolinate 

400 mg”, related to “actual changes”, such as lowering blood glucose levels from “7.1 to 

6.5”. The other purpose for tracking was to facilitate changes to self-management, for 

example, “when I’m making a change in my own practices: to closely monitor things when 

I’m increasing my exercise”.  

Curated, in-depth information was another vital feature for this group, “my motivation in 

using an app is [only] to get information”. They were interested in exploring a wide range of 

topics, “I’m interested in the technology of diabetes care, I’m interested in stuff all over the 

place, like reading about the impact of sugar on muscle”. It was important that the 

information was reliable, “like Cochrane Reviews” and “curated”, that is, organised in a way 

that enabled them to distinguish “basic information” from “in-depth discussion”.  

Conversely, what was most helpful for participants with a more externally-directed self-

management style was not having to search out and evaluate diabetes information: “the 
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information is provided, you don’t have to go searching for it, and that’s what’s convenient”.  

Without this easy access, one participant described how they “wouldn’t have looked [it] up 

… because lazy people don’t do that”. There were other instances where these participants 

described needing additional motivational support. For example, one person said they “get 

lazy” and another: “I’m one of these people - I go really good at something for a while, and 

then I get a bit slack, and then I stop doing stuff”.  

This may explain why this group appreciated attempts at gamification and making learning 

fun, describing novel features of the app, such as IVR and the relational agent, as being 

“exciting”, “more interactive”, “cool and unique”, and increasing their “interest”. However, 

those who described a more autonomous self-management style were less receptive to 

attempts at increasing engagement such as gamification (e.g. quizzes), which for them did not 

“add or detract from the experience” and were dismissed as examples of “the same 

information presented in a different way”. 

Perhaps because of their experience using other health apps, the group expressing more self-

directed self-management styles had higher expectations of the MDC app and were less 

tolerant of technical issues: “It has to be reliable because that’s my expectation now of apps 

and other things and I can always find an alternative these days”. They expected flexibility 

in navigating through the MDC app in a way that suited them. For example, “a little less 

linearly”, with “a higher degree of user control in terms of being able to investigate down 

particular information paths and then back out of them”. They wanted the choice to be able 

to skip a particular topic if it was not “relevant” or “to go back over information” at a later 

time through increased “searchability” if they found a topic particularly interesting.   

On the other hand, participants from the other group did not have much experience with using 

apps and, as a consequence, were more forgiving of technical issues, e.g. “just teething 
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problems because it was so new”. However, because this group tended to limit their 

smartphone use to phone calls, they expected to be able to use the MDC app on their tablet 

device:  “I’m one of these people that think a mobile phone is a mobile phone, and if I want 

to do anything else I go to the iPad”.  

5.5.2 Theme 2: Factors influencing users’ engagement with the app: One size does not fit 

all  

This theme describes how participants engaged with the app, specifically the context, mode, 

frequency and duration of interactions and the factors influencing these choices.  

5.5.2.1 Interaction mode preferences: “I could read quicker, so I chose to not listen” 

Participants could choose one of multiple ways to interact with the MDC app. First, they 

could use the inbuilt interactive voice recognition (IVR) technology to listen to what the 

embodied conversational agent-Laura said, and respond using the microphone. Second, they 

could listen to what Laura said but respond by touching one of the options on the screen. 

Third, they could choose to ignore or mute Laura’s voice, read the text on the screen and 

respond by touching an option on the screen.  

The novelty of being able to interact with Laura using IVR was described by some as 

“exciting”, and “more interactive”. However, most users, regardless of self-management 

style, soon discontinued their use of IVR, choosing instead to read the text and respond by 

touching one of the options on the screen. The primary reasons were that IVR did not offer 

any obvious advantages and had some drawbacks. For example, using IVR as a mode of 

receiving and responding to messages within a session took much longer than reading the text 

and tapping in a reply: “There was nothing wrong with the pace of her speech, it was just that 

I could read quicker, so I chose to not listen to her”. Technical difficulties were also a 

hindrance: “She didn’t understand me [laughs].  I found that frustrating”. 
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The context of use also influenced users’ choices. For example, many described the IVR 

function as inconvenient because of their surroundings, e.g. “I was always doing it in the 

bedroom in the morning when my husband was still in bed asleep” or “I didn’t use it, 

because most of the time I was on the train”. Some participants also described talking ‘to’ the 

phone as unnatural: “I think it just looked silly, to be talking to your phone”. 

Giving the user the choice to opt-out of using IVR and use other interaction modes was 

critical. As one participant put it: “If I had to have talked to her, I think I would have pulled 

out!” 

5.5.2.2 Minimising disruption to everyday life: “It wasn’t a problem to find a half an hour”  

The MDC app required participants to complete a session with Laura once a week at a time 

that suited them. A weekly appointment suited most, as “any more would become a chore” 

or “just too much”. The discipline of a regular weekly appointment was viewed favourably 

because it increased commitment: “If I did it my own way, I wouldn’t have done it. I think an 

appointment time kept me accountable”. Another positive attribute was that they mimicked 

offline appointments, encouraging automaticity: “It was like an appointment with a doctor or 

going out for dinner with friends.  You knew that at 6:30 Friday, you had to sit down and talk 

to Laura”. Another participant said: “Even my grandchildren would say to me, oh grandma, 

it’s Thursday, and you’ve got to speak to Laura. I structured things outside of those times 

because I knew that time was taken. I did things around that time because it was to me a 

standard appointment”.  

Those in paid employment appreciated being able to choose a time that suited them: “I’m 

glad I could choose a time that suited me”. They also valued the flexibility of being able to 

complete chats within a certain timeframe: “[If I missed my time] that was easy to get around 

because you had 24 hours to actually go in and have the chat with Laura”. On the other 
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hand, those who were retired had a set time every week and made the chat part of their 

schedule, with little to no variation from one week to the next “I’m retired now [laughs], so 

what else do I do?” or “I’m a creature of habit, and I like things to be ordered, and I like the 

regularity, [so] I put it in the calendar”.  

For those with busy schedules, the fact that the MDC intervention was divided into 15-30-

minute chats over several months was a benefit and compared favourably with face-to-face 

diabetes self-management education/support programs: “It wasn’t a problem to find a half an 

hour.  When you’ve got to go off to some of these diabetes [education things], it’s four-and-a-

half hours!  You try and find four-and-a-half hours when you work a 16-hour day; it just 

doesn’t work”. 

5.5.2.3 Initiating engagement: “You need to get [the app] in front of people when they’re in 
the first days”  

Participants unanimously emphasised the importance of access to an app supporting self-

management immediately after the diagnosis of T2D as a means to come to terms with their 

diagnosis: “you need to get that in front of people when they’re in the first days, [and 

thinking] “Whoa, what just happened to me?!”, have an “introduction to the basic stuff, in a 

fairly accessible manner,” resulting in “the greatest benefit” and “greatest impact and 

usefulness”. 

Many participants described diabetes education as non-existent or insufficient: “Other than 

being prescribed medication, there was really nothing to support [self-management]”. Others 

who had access described diabetes education as being “blunt, didactic stuff, do this, do that, 

do this” with no attempt to account for their personal circumstances.  

Insufficient time spent with the health care team was described as another barrier to receiving 

comprehensive information and understanding it: “I think for most people, they’re getting 
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information [from the app] they wouldn’t otherwise have heard, unless their diabetes 

educators are very, very thorough, and you’re visiting them once a week, and we don’t do 

that.  They [educators] don’t have the time for that.  Your GPs don’t have the time to go 

through that information with you”.  

In some cases, the lack of education had the effect of delaying attempts at initiating lifestyle 

changes and self-management behaviours: “So, I was able to reject [my diabetes] and lived in 

a bit of denial. It took me quite a while to find and assemble a team of people that I felt could 

help me”. 

Participants consistently expressed the view that MDC would be “useful for someone who 

was newly diagnosed” to “help them transition”: “they need to be pointed in the right 

direction because it will take them a while to find it if they’re not pointed in that direction”. 

Many also acknowledged the potential role of HCPs in facilitating access to and adoption of 

apps following diagnosis: “I would see a real benefit in ensuring that people like GPs, 

diabetic educators are made very aware of the app and that they actively engage patients on 

diagnosis with the app”. Another said: “The GP should be going, well here’s your blood test 

results, download this app and learn what’s happening and why it’s happening”. 

5.6 Discussion 

This qualitative study investigated users’ experiences of a T2D self-management app 

accessed via their own smartphones over a nine-month period in the context of their everyday 

lives. We identified two main themes: 1) the moderating effect of diabetes self-management 

styles on needs, preferences and expectations; and 2) factors influencing users’ engagement 

with the app: one size does not fit all. We found that the needs, preferences and expectations 

of diabetes self-management apps differed based on participants’ self-management styles.  
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The broad implication is that, in addition to previously identified characteristics, such as age, 

gender and socio-economic status, self-management styles also influence engagement and 

need to be investigated further (J. Cho, Quinlan, Park, & Noh, 2014; Karekla et al., 2019; 

Turchioe, Heitkemper, Lor, Burgermaster, & Mamykina, 2019). 

Participants expressing self-directed rather than externally directed self-management styles 

were more likely to be proactive in seeking out diabetes-related information and use other 

health apps (Desveaux et al., 2018; Fink, Fach, & Schröder, 2019). A possible explanation for 

this finding may be found in the literature on ‘health consciousness’, defined as the extent to 

which an individual takes ownership of their own health condition (J. Cho, Park, & Lee, 

2014). Our data are consistent with previous evidence suggesting that individuals who are 

more health-conscious may also be more self-directed in their information seeking-

behaviours and more proactive in managing their health (Chen & Lin, 2018).  

Our findings corroborate previous research on the benefits of personalisation and tailoring 

while providing preliminary evidence on how app preferences can be personalised based on a 

specific user characteristic – diabetes self-management style (Baptista et al., 2019; Desveaux 

et al., 2018; Mamykina et al., 2010; Vo, Auroy, & Sarradon-Eck, 2019). For example, 

participants expressing more self-directed styles value tools that assist them in making 

independent, informed decisions about their own care. This suggests that in order to engage 

these users, messaging within an app needs to be presented as volitional choices rather than 

explicit directives and needs to acknowledge the user as an expert in their own care (Peel, 

Lawton, Douglas, & Parry, 2005). Additional features that are likely to improve engagement 

by this group include in-depth, current, accurate information on a range of topics related to 

diabetes care, the ability to track, link and interpret multiple sources of diabetes-related data 

and a high level of flexibility in navigating the app.  
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Our study also corroborates previous research that shows that people who present a more 

externally directed self-management style may need additional encouragement to sustain 

engagement. Previous research suggests that changing attitudes to and motivations for 

diabetes self-management may be more important for this group than diabetes education 

(Khunti et al., 2012; Norris et al., 2001).  As diabetes is a self-managed condition, successful 

models of care, especially for those who are not intrinsically motivated, must focus on 

components that promote and maintain autonomy (Williams, Lynch, & Glasgow, 2007). 

Strategies to improve engagement in this group could include gamification elements such as 

quizzes, features that promote accountability such as goal setting and mechanisms that re-

engage users, such as regular feedback (Cugelman, 2013; Lister, West, Cannon, Sax, & 

Brodegard, 2014; Mulvaney, Ritterband, & Bosslet, 2011; Nelson et al., 2017). It may also be 

useful to consider giving these users more customisation choices, for example, the device 

they prefer, because many were more comfortable with a desktop computer or tablet than 

with a smartphone.  

Almost invariably, participants did not use IVR because it did not provide any additional 

benefit. Our findings add to existing research that suggests that features, such as IVR, 

although novel and interesting initially, can deter or distract from the main objective of using 

an app over time, especially if they do not improve usability and require additional effort 

(Cowan et al., 2017). The implication is that novel features should be used with caution 

because they can be expensive to implement and may not have the expected benefit. At the 

very least, users need the choice to turn off features based on personal preference. Optimising 

functionality is key because ease of use and efficiency trump novelty when apps are used in 

the context of ongoing, real-world self-management of a chronic condition (Himmelsbach, 

Garschall, Egger, Steffek, & Tscheligi, 2015; Mulvaney et al., 2011; Vuong et al., 2012).  
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Many participants described receiving little to no diabetes education and support following 

diagnosis and that, in some cases, this delayed engagement in self-management (Pal et al., 

2018). Making time for and having access to adequate face-to-face education and support is 

often challenging for people with newly diagnosed T2D (Horigan et al., 2017; K. Winkley et 

al., 2015; Kirsty Winkley et al., 2016). Our data support previous research demonstrating that 

providing diabetes education and self-management support via an app could be a feasible and 

acceptable complement to clinical care (Aminuddin et al., 2019; Fu et al., 2017; Hou et al., 

2018; Liang et al., 2011). Equally important is the suggestion that this support may be more 

successful in engaging people when accessed immediately following diagnosis (Beck et al., 

2018; Fink et al., 2019; Rose, Petrut, L'Heveder, & de Sabata, 2019).  

Our findings suggest that the proposed contact frequency and duration (i.e. weekly sessions 

of 15-30 minutes) was acceptable (even for those with busy schedules) and enhanced 

engagement, potentially through increasing accountability and automaticity (Lally, van 

Jaarsveld, Potts, & Wardle, 2010). Enabling users to choose a regular time fitting into their 

schedule and some flexibility in altering that time to fit with competing demands encouraged 

engagement. However, it was clear that some limits on how the app was used were 

considered beneficial, even necessary, as many described how complete freedom could result 

in disengagement. Appointment reminders were useful, but only to those with a busy 

schedule because those who described themselves as less busy (e.g. retired) preferred set 

appointment times and considered them to be part of an established routine, for which they 

did not need a reminder.  

Finally, our data suggest that although diabetes self-management apps may be helpful in 

initiating and maintaining self-management behaviours, people with T2D are more likely to 

engage with an app when it is endorsed by their HCP. There is some evidence to suggest that 
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although HCPs think apps may be useful, sourcing evidence-based, high-quality apps from 

the thousands available on the app stores remains a challenge (Karduck & Chapman-

Novakofski, 2018; Ristau, Yang, & White, 2013; Rose et al., 2019). Thus, initiatives are 

needed that provide HCPs with reliable resources enabling them to choose quickly from a 

curated selection of evidence-based diabetes self-management apps while matching them 

with the individual’s needs.  

5.6.1 Strengths and Limitations 

A key strength of the current study is that it was conducted in the context of a randomised 

controlled trial of the MDC app. In contrast with many previous trials of self-management 

apps, participants used the app ‘in the wild’, that is, in the context of their everyday lives via 

their own familiar devices, addressing some of the limitations of previous trials. Participants 

also had access to the app for up to nine months, making it possible to explore their real-

world use and changes over time. This was a significant strength relative to most previous 

research where participants only used an app once or for a short period of time (usually less 

than four weeks). The purposive interview sampling strategy was successful in recruiting 

participants with a range of experience, facilitating examination of the interplay between user 

characteristics, app preferences and engagement. One exception is that expert app users and 

those expressing a more autonomous self-management style were over-represented, perhaps 

because these characteristics made them more likely to want to participate in the interview 

study. Also, interview participants used the app twice as much as those in the intervention 

arm of the MDC trial, suggesting that we were less successful at recruiting less engaged 

users. We recommend that future research focuses on identifying the experiences and needs 

of users who are less autonomous and less experienced with technology because they are 

likely to have different diabetes education and support needs. Finally, our sample did not 

include younger adults with T2D, a burgeoning cohort with clear unmet needs (Browne, 



205 
 

Scibilia, & Speight, 2013). Further research is needed to explore their experiences with such 

an app.   

5.6.2 Conclusions 

Our study is one of the first to investigate the use of a diabetes self-management app in the 

wild. Our findings suggest several ways in which user experiences can be engineered to 

improve engagement with T2D self-management education and support via an app, such as 

personalising app features to user characteristics, recommending a potential optimal time to 

intervene, developing resources to assist health professionals in making evidence-based 

recommendations of diabetes apps, and recommending potential frequency and scheduling of 

the intervention. Further research investigating interactions between user characteristics, 

including self-management autonomy and engagement, is warranted in order to determine 

specific strategies to improve engagement with T2D self-management apps if diabetes self-

management apps are to become a useful complement to clinical care.  
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Chapter 6: Acceptability of an embodied conversational agent for type 2 

diabetes self-management education and support via a smartphone 

app 

6.1 Chapter overview  

Embodied conversational agents (ECAs) are a relatively novel development, and their 

acceptability to deliver self-management support to people with type 2 diabetes (T2D) has 

not been previously investigated. This chapter presents the findings from a mixed-methods 

study exploring the acceptability of an ECA delivering T2D self-management support via the 

My Diabetes Coach app over 12 months. The chapter is presented in the format of a 

manuscript published in JMIR mHealth and uHealth.  

Citation: Baptista, S., Wadley, G., Bird, D., Oldenburg, B., & Speight, J. (2020a). 

Acceptability of an Embodied Conversational Agent for Type 2 Diabetes Self-Management 

Education and Support via a Smartphone App: Mixed Methods Study. JMIR mHealth and 

uHealth, 8(7), e17038. doi:https://doi.org/10.2196/17038
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6.2 Abstract  

Background: Embodied conversational agents (ECAs) are increasingly used in health 

care applications (apps); however, their acceptability in type 2 diabetes (T2D) self-

management apps has not yet been investigated.   

Objective: To evaluate the acceptability of the ECA (Laura), used to deliver diabetes 

self-management education and support in the My Diabetes Coach (MDC) app.  

Methods:  A sequential mixed methods design was applied. Adults with T2D allocated 

to the intervention arm of the MDC trial used the MDC app over a 12- month period. At 

six months, they completed questions assessing their interaction with and attitudes to 

the ECA. In-depth qualitative interviews were conducted with a sub-sample of 

intervention arm participants to explore their experiences of the ECA. Interview 

questions included participant perceptions of Laura, including their initial impression of 

her (and how this changed over time), her personality and ‘human’ character. 

Quantitative and qualitative data were interpreted through integrated synthesis. 

Results: Of the 93 intervention participants, 44 (47.3%) were women, mean±SD age 

was 55±10 years, and baseline HbA1c was 7.3±1.5%. Sixty-six (71%) provided survey 

responses. Of these, most described Laura as being helpful (85%), friendly (85%), 

competent (84%), trustworthy (72%), and likable (60%). Some described Laura as not 

real (39%), boring (39%) and annoying (30%).  Participants reported that interacting 

with Laura made them feel more motivated (43%), comfortable (36%), confident (21%), 

happy (16%) and hopeful (12%). Nineteen per cent were frustrated by their interaction 

with Laura, and 16% of participants reported that interacting with Laura made them feel 

guilty. Four themes emerged from the qualitative data (N=19): 1) Perceived role: a 
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friendly coach rather than a health professional; 2) Perceived support: emotional and 

motivational; 3) Embodiment preference: a human-like character is acceptable; and 4) 

Room for improvement: greater congruence needed between Laura’s words and actions. 

Conclusions: These findings suggest an ECA is an acceptable means to deliver T2D 

self-management education and support. A human-like character providing ongoing 

friendly, non-judgemental, emotional and motivational support is well-received. 

Nevertheless, the ECA can be improved by increasing congruence between its verbal 

and non-verbal communication and accommodating user preferences.  

Trial Registration: Australia New Zealand Clinical Trials Registry ID 

CTRN12614001229662 

Keywords: Conversational agent, embodied agent, Type 2 diabetes, apps, mHealth, 

smartphone, self-management, user experience, engagement.  
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6.3 Background 

Diabetes will affect 693 million people worldwide by 2045, most of whom will have 

type 2 diabetes (T2D) (Cho et al., 2018; Hu, 2011). People with T2D can prevent or 

delay the onset and progression of diabetes-related complications such as heart attack, 

stroke, kidney failure, vision loss and nerve damage through intensive management of 

blood glucose (World Health Organisation, 2016). However, effective self-management 

is complex and difficult to implement and sustain in daily life, such that many people 

with T2D do not achieve their self-management targets (Shrivastava, Shrivastava, & 

Ramasamy, 2013).  

For several decades, diabetes self-management education and support have been 

provided in-person(one-to-one, group-based), with many trials and real-world studies 

demonstrating improved diabetes outcomes (Chrvala, Sherr, & Lipman, 2016). 

However, the high cost and resource requirements limit the reach and scalability of in-

person programs (Chatterjee et al., 2018). Furthermore, ongoing in-person support for 

sustaining recommended diabetes care targets is not feasible for most healthcare 

systems (Shrivastava et al., 2013).  

Considerable advances in technology related to smartphone apps (including voice 

recognition, natural language processing and artificial intelligence capabilities) have led 

to an increase in the feasibility of using Embodied Conversational Agents (ECAs) to 

provide education and support for self-management of chronic conditions, including 

T2D (Laranjo et al., 2018). An ECA is an animated conversational human-like character 

that simulates a person-to-person conversation with appropriate dialogue and human-

like physical properties, including facial expressions and body movements (Bente, 

Rüggenberg, Krämer, & Eschenburg, 2008; Bickmore, Caruso, Clough-Gorr, & Heeren, 
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2005; Martínez-Miranda et al., 2019). ECAs are being used increasingly in a wide range 

of applications, providing support for mental health, online information seeking, 

medication taking, behaviour change and prevention of suicide (Dworkin et al., 2019; 

Laranjo et al., 2018; Martínez-Miranda et al., 2019; Provoost, Lau, Ruwaard, & Riper, 

2017; Sillice et al., 2018).  

Research on the acceptability of ECAs in the self-management of chronic conditions is 

still in its infancy, with a small number of studies reporting high levels of acceptability 

of ECA-based interventions (Bickmore, 2010; Easton et al., 2019; Sillice et al., 2018). 

Trust, empathy and expertise have been cited as essential components of diabetes 

education and support (Cooper, Booth, & Gill, 2003). Similar expectations may exist 

when the intervention is delivered by an ECA.  ECAs use facial expressions, body 

movements and speech and can offer a natural and accessible means of communication. 

These characteristics of ECAs potentially improve engagement compared with a static 

character image, a non-relational agent or a text-only display (Bickmore, Caruso, 

Clough-Gorr, et al., 2005; Bickmore, Gruber, & Picard, 2005; Grekin, Beatty, & 

Ondersma, 2019). ECAs may be perceived to provide additional motivational and 

emotional support, which has previously been described by people with diabetes as 

being as important to them as practical support (Baptista et al., 2019). Preliminary 

evidence suggests that ECAs are perceived to be less judgemental, less intimidating and 

more likable compared to a human counterpart, resulting in participants feeling less 

guilty and more motivated by the interaction (Bickmore, 2010; Bickmore, Gruber, et al., 

2005; Grekin et al., 2019; Sillice et al., 2018). Collectively, this evidence suggests 

ECAs may be effective at providing support for chronic disease management because 

they help to engage users by building a social and emotional relationship over time 

(Bickmore, Caruso, Clough-Gorr, et al., 2005; Bickmore, Gruber, et al., 2005; Gaffney, 
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Mansell, & Tai, 2019).  

Some of the characteristics of ECAs that may affect their acceptability include users 

being deterred by a monotone voice and repetitive messages (Bickmore, Gruber, et al., 

2005; Gaffney et al., 2019; Sillice et al., 2018). Although ECAs are more engaging if 

they have human-like characteristics and engage in social dialogue, this effect is 

mitigated if there is an unnatural dissonance between a character’s speech and their 

expected facial expressions and body movements (Bente, Krämer, & Eschenburg, 2008; 

Grekin et al., 2019; Kang, Feng, Leuski, Casas, & Shapiro, 2015; Trinh, Shamekhi, 

Kimani, & Bickmore, 2018). This phenomenon, coined the ‘uncanny valley’ by 

Masahiro Mori in 1970, was supported by research suggesting that people have 

unpleasant impressions of artificial characters, such as ECAs that have an almost, but 

not perfectly, realistic human appearance (Mori, MacDorman, & Kageki, 2012; Seyama 

& Nagayama, 2007). Previous studies have also emphasised that the visual 

characteristics of an ECA are important because they affect perceptions of 

trustworthiness and credibility, which can affect acceptability. For example, a more 

playful, cartoon-like character is perceived as being more friendly, while a more serious 

human-like character, dressed professionally, is usually perceived to be more 

appropriate for serious applications, such as self-management of chronic conditions 

(Ring, Utami, & Bickmore, 2014). 

Research on the acceptability of ECAs to deliver self-management support for chronic 

conditions via self-management apps has been limited primarily to short-term feasibility 

or pilot studies and to interventions that address only a single behaviour. Other studies 

use static images rather than animations or have been conducted using desktop or laptop 

computers in laboratory settings rather than with personal smartphones used in everyday 
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settings or ‘in the wild’ (Black, McTear, Black, Harper, & Lemon, 2005; Harper et al., 

2008).  Thus, the aim of the current study was to address these gaps by investigating the 

acceptability of an ECA delivering self-management education and support to people 

with T2D in their everyday lives.  

6.4 Methods  

6.4.1 Study Design 

A convergent study design was used where quantitative and qualitative data were 

collected at similar time points (Guetterman, Fetters, & Creswell, 2015). This study was 

conducted within the context of a randomised controlled trial testing the effectiveness of 

a T2D self-management smartphone app – My Diabetes Coach (MDC) (Baptista, 

Zemanek, Shetty, Bird, & Oldenburg, 2018; Oldenburg, Baptista, Bird, Shetty, & 

Zemanek, 2018). The MDC study was conducted from 2014 to 2018 (Australia New 

Zealand Clinical Trials Registry ID ACTRN12614001229662). The study was approved 

by the University of Melbourne’s Human Research Ethics Committee (Ethics ID 

1442433).  

6.4.2 My Diabetes Coach 

MDC used an ECA called Laura (Figure 6) to deliver self-management education and 

support to adults with T2D. When users logged in for the first time, they were prompted 

to set up a regular time to complete weekly interactive sessions with Laura. During 

these ‘conversations’, Laura provided education, monitoring, feedback and motivational 

support for blood glucose monitoring, medication taking, physical activity, healthy 

eating and foot care. The conversations were personalised to the individual’s self-

management targets, physical fitness and foot health using recommendations provided 

by their general practitioner. 
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The MDC app used voice recognition, pre-scripted 

conversational elements and a sophisticated script logic 

enabling the user to interact with Laura in a number of 

pre-determined variations, mimicking automated 

conversations. Laura’s voice and conversation were 

produced by a proprietary dialogue engine (by 

Clevertar). Non-verbal behaviours were either explicitly 

scripted for each dialogue, or, if no behaviour was 

specified, they were selected randomly from a finite set 

of animations based on whether the character was 

speaking and the dialogue duration. User responses 

from previous sessions dictated the direction of future 

sessions enabling a high degree of personalisation. The 

ECA’s appearance, conversational elements, backstory 

and accent were refined through several rounds of expert and user testing. Users were 

able to respond to Laura by touching an option on the screen or by speaking out one of 

the options on the screen when prompted to do so. Users also had access to an online 

discussion board and website (with additional diabetes resources) that could be accessed 

via the app, as well as technical support from the research team. An excerpt of a 

conversation with Laura can be found on YouTube (Clevertar, 2015)  

6.4.3 Participants 

Recruitment methods for the MDC trial are reported in the main outcomes paper (Gong 

et al., 2020). Briefly, participants were recruited to the MDC trial from the general 

 Figure 6: Laura, the embodied 

conversational agent 
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population in Australia via several recruitment strategies. Adults with T2D registered on 

the National Diabetes Services Scheme (NDSS) database and willing to be contacted 

about research, living in New South Wales, Queensland, Victoria and Western 

Australia, were invited to participate by the NDSS via mail and email. Invitation letters 

were supplemented with media releases and targeted advertising on social media by 

several organisations (Diabetes NSW, Diabetes Qld, Diabetes Victoria, Diabetes WA, 

Bupa Australia (a health insurance provider) and the Australian Diabetes Educators’ 

Association).  

For the present study, participants from the intervention arm of the MDC trial who had 

access to the MDC app completed a survey at 6-months post-baseline assessing several 

clinical and behavioural outcomes, including their interaction with the ECA and a 

purposive sub-sample participated in subsequent interviews. All participants received a 

plain language statement describing the study and provided written consent.  

6.4.4 Data Collection 

6.4.4.1 Demographic and clinical characteristics  

Demographics and diabetes duration (self-reported) were collected using online surveys 

at baseline. Glycosylated haemoglobin (HbA1c) is a pathology test assessing average 

blood glucose levels over the past 2-3 months, providing an indicator of risk for long-

term complications (American Diabetes Association, 2020). It was obtained, with 

participants’ consent, from their general practitioner.  

6.4.4.2 Acceptability: quantitative data 

At six-month follow-up, participants completed an online survey including two 

questions assessing the acceptability of the ECA. The first question assessed 

perceptions of the ECA: “How well do the words below describe Laura?” Respondents 
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rated a range of positive and negative traits (helpful, boring, friendly, competent, 

annoying, likable, trustworthy, real), using a 5-point Likert-type scale, ranging from 

‘describes very well’ to ‘describes very poorly’. The second question asked: “How did 

interacting with Laura make you feel?” Respondents selected from a list of descriptive 

emotions (happy, confident, hopeful, motivated, worried, guilty, frustrated, and 

comfortable) and were asked to select all that applied. For both questions, positive and 

negative words were randomly sequenced to minimise response bias.  Descriptive 

adjectives were chosen based on the literature on evaluating ECAs and on working 

alliances between ECAs and users (Ackerman & Hilsenroth, 2003). 

6.4.4.3 Acceptability: qualitative data 

In-depth, semi-structured qualitative interviews were conducted from October 2017 to 

February 2018. Most participants had, at that stage, completed the 6-month survey but 

were still actively using the app. Purposive sampling of survey respondents was used to 

identify interviewees who varied in terms of duration of diabetes, gender, age and 

baseline familiarity with apps.  

The interview guide was developed by the first author (SB) and used exploratory 

questions and probes, with feedback from other members of the research team (BO, GW 

and JS) based on the research question and findings from current literature (Bente, 

Krämer, et al., 2008; Bente, Rüggenberg, et al., 2008; Bickmore, 2010; Bickmore, 

Caruso, & Clough-Gorr, 2005; Bickmore, Caruso, Clough-Gorr, et al., 2005; Bickmore, 

Gruber, et al., 2005; Bickmore et al., 2010; Black et al., 2005; Kang et al., 2015; Kang 

& Watt, 2013; Ring et al., 2014; Trinh et al., 2018; Vogeley & Bente, 2010). The guide 

explored a variety of topics, including experience at diagnosis, self-care behaviour prior 

to using the MDC app, users experiences with the MDC app, including when, where 
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and how it was used, changes to self-management practices as a 

result of using the MDC app, the initial impression of the ECA Laura and changes over 

time, perceptions of her role in self-management and her perceived personality 

characteristics. The data relating to the acceptability of Laura are presented here, with 

the other findings published separately.  

Interviews were conducted by telephone (by SB) and recorded using a cloud 

architecture solution from CTI Group using their Smartinteraction Suite of recording 

software. During each interview, SB used exploratory questions and probes (from the 

interview guide) and noted points of interest, using these as further probes. Immediately 

after each interview, SB prepared a written summary of the interview and any relevant 

observations. These were used as a means to communicate interim findings to the 

research team. When appropriate, additional questions were added to the interview 

guide, enabling further exploration of issues raised by participants that were relevant to 

the research aims. These notes were also used to aid the meaningful interpretation of 

data during data analysis.  

6.4.5 Data Analysis 

Quantitative data were analysed using IBM’s SPSS 25 statistical package. Descriptive 

statistics were computed for demographic and clinical characteristics and the two 

questions assessing the ECA. Qualitative data were transcribed, de-identified and 

thematically analysed using NVivo 11 following the first five steps of Braun and 

Clarke’s methodology (Braun & Clarke, 2006, 2013). Integration of the quantitative and 

qualitative data was achieved at the interpretation stage by comparing and contrasting 

the findings from the surveys and the semi-structured interviews. In practice, this 

involved referring to and using the qualitative data to help interpret, triangulate and add 
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meaning to the quantitative data. This process was iterative, with input from several  

researchers (SB, GW, BO and JS). This integration of quantitative and qualitative data 

enabled further validation of the findings and increased their explanatory value (Sahin 

& Naylor, 2017). The narrative of the results are blended with embedded quotes from 

several sources to make the results more readable while using as much evidence as 

possible. An anonymised coding system — participant identity number (IDX): sex 

(M/F): age (years) — is used to identify the source of each quote (in parentheses after 

each quote). 

6.5 Results 

6.5.1 Sample Characteristics 

Of the 93 MDC trial participants in the intervention arm, 66 (71%) provided responses 

at six months post-baseline, and 19 of those participated in the interviews. Table 6 

details the characteristics of the three samples. 50% (n=33) of survey respondents were 

women, mean age was 57±9 years, and baseline mean HbA1c was 7.1±1.4% (American 

Diabetes Association, 2020).  

Those who completed the survey were significantly older (p=0.033) and completed 

more interactions with Laura (p=0.001) than those who did not. No significant 

differences were observed between interviewees and other intervention arm participants, 

except that interviewees completed significantly more interactions with Laura 

(p=0.001).  

The mean duration of the interviews was 51 minutes (range: 29 to 79 minutes).   



229 
 

Table 6: Demographic and clinical characteristics of the total sample and interview sample. 

  

  

MDC trial 

(intervention 

arm) 

(N=93) 

6-month follow-

up sample  

(n=66) 

Interview 

participants  

(n=19) 

Gender: Female 44 (47%) 33 (50%) 8 (42%) 

Age, years 55±10 57±9 60±8 

Education, highest level    

   Year 10  10 (11%) 9 (14%) 5 (26%) 

   Year 12 or Apprentice 42 (45%) 31 (47%) 2 (11%) 

   Graduate/Post-graduate 41 (44%) 26 (39%) 12 (63%) 

Employment status                                                                  

   Paid employment 59 (64%) 41 (62%) 7 (37%) 

   Retired 22 (23%) 18 (27%) 11 (58%) 

   Unemployed or other 12 (13%) 7 (11%) 1 (<1%) 

Diabetes duration, years                                                            

   <5  43 (46%) 25 (38%) 8 (42%) 

   >5-10 29 (31%) 23 (35%) 8 (42%) 

   >10-20 7 (8%) 4 (6%) 3 (16%) 

Unknown 14 (15%) 14 (21%) 0 

Baseline HbA1c, %  (mmol/mol) 7.3±1.5 (56±44) 7.1±1.4 (53±30) 6.8± 0.9 (51±20) 

General app use reported at baseline                                        

   Multiple times per day 69 (74%) 50 (76%) 14 (74%) 

   Once a day 23 (25%) 13 (20%) 4 (21%) 

   Less than once a day 1 (1%) 3 (4%) 1 (5%) 

Interactions with Laura: number   18±15 23±16 36±17 

Data presented as n (%) and means (standard deviation). MDC: My Diabetes Coach. General app use at baseline 

represents the use of any app prior to participation in MDC.   
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Overall, participants found Laura to be acceptable and were positive in their appraisal of 

her (Figure 7), and their interactions with her (Figure 8). Most respondents reported that 

Laura was helpful (n=57, 86%), friendly (n=57, 86%), competent (n=56, 85%), 

trustworthy (n=48, 73%) and likable (n=40, 61%). Fewer described her as boring (n=26, 

39%) and annoying (n=20, 30%), and responses within these categories were far more 

variable (Figure 7). Participants were undecided about whether or not they thought 

Laura was real. Twenty-six (39%) participants agreed that Laura was real, 22 (30%) 

were undecided, and 18 (27%) disagreed. Participants’ responses to interactions with 

Laura were positive overall, with many reporting that she made them feel motivated 

(n=29, 44%), comfortable (n=26, 36%), confident (n=14, 21%), happy (n=11, 17%) and 

hopeful (n=8, 12%) (Figure 8). Notably, 20% (n=13) were frustrated by their interaction 

with Laura, and 17% (n=11) of participants reported that interacting with Laura made 

them feel guilty. One participant reported feeling worried (Figure 8).   

 

Figure 7:Responses to Q1: How well do the words below describe Laura? (N=66) 
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Figure 8: Responses to Q2: How did interacting with Laura make you feel? (N=66) 

Four themes were identified from the qualitative data: 1) Perceived role: a friendly 

coach rather than a health professional; 2) Perceived support: emotional and 

motivational; 3) Embodiment preference: a human-like character is acceptable; and 4) 

Room for improvement: greater congruence needed between Laura’s words and actions. 

Table 7 provides an integrative synthesis of the findings, summarising the four main 

themes emerging from the qualitative data, quantitative endorsement of the adjectives 

describing Laura and how interaction made them feel, and exemplars of the qualitative 

data. The four themes are described in detail below.  

6.5.2 Theme 1: Perceived role: Laura is more acceptable as a friendly coach than 

as a health professional 

When prompted about what role Laura was perceived to play in self-management 

support, some participants described Laura as “a "friendly" coach” (ID11:F:62y) who 
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was just “reminding me” of various diabetes self-management tasks. Furthermore, when 

asked about their perceptions of Laura, some participants described her with adjectives 

suggesting she had a personality, like “sassy” (ID15:F:66y), “friendly” (ID16:F:57y), 

“kind” (ID05:M:55y) and “intriguing” (ID06:M:71y). These findings may explain why 

most survey respondents described Laura as likable, friendly and helpful, and reported 

that interacting with Laura made them feel comfortable. 

Conversely, other participants commented on how Laura reminded them of their health 

professional: “There were times when I would go and see my doctor, and I'd see Laura 

sitting there, because her gestures, her voices and mannerisms are almost identical” 

(ID08:F:42y). Some participants “did not necessarily want to see an authority figure” 

(ID1:M:63y), saying for example that “I don’t need to be called into a doctor 

(ID09:M:71y). Those who described Laura in similar terms to their health professionals 

did not warm to Laura because they found her to be “patronising”, “censorious” and 

“authoritarian” (ID11:F:62y). For example, some described receiving her feedback as 

“having a mother-in-law in your pocket.”(ID08:F:42y), “feeling as though you're 

getting a slap on the wrist” (ID02:F:66y) like “a recalcitrant child” (ID15:F:66y). 

Other negative descriptions of Laura were that she was “really young”, “super-skinny” 

(ID11:F:62y) and that she “talked at” people (ID13:M:58y).  

Laura’s perceived role influenced participant reactions to the support she offered. For 

example, participants who described Laura as being similar to a health professional 

reacted to this by “resisting” and “rebelling” against the “kind of authority” 

(ID11:F:62y) that Laura represented to them. One participant described how “feeling 

guilty” led him to “stop using” the app for a while (ID13:M:58y).  
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Table 7:Integrated results matrix 

Themes Quantitative data: 

Endorsement of adjectives  

Qualitative data: Exemplar quotes 

Perceived role: 

Laura is more 

acceptable as a 

friendly coach than 

as a health 

professional  
 

Laura was likable (60%), 

friendly (85%), helpful (85%).  

Interacting with Laura made me 

feel comfortable (36%). 

A “neutral approach” was “better” because it 

“didn’t try and lean on any perceptions of 

authority.” (ID04:M:44y) 

Interacting with Laura made me 

feel guilty (16%), worried (1%).  

“I was worried about making sure that I was within 

(my limits) knowing that I had to report to Laura!” 

(ID11:F:62y) 

Perceived support: 

Laura provides 

emotional and 

motivational 

support 

Laura was trustworthy (72%). 

Interacting with Laura made me 

feel confident (21%), hopeful 

(12%) and happy (16%).  

 “I needed somebody just to be there.” (ID15:F:66y) 

“(She) used to make me laugh…and that’s hard to 

do.” (ID18:M:65y) 

Laura was competent (84%). 

Interacting with Laura made me 

feel motivated (43%). 

“She was keeping you on track and keeping you 

doing what you’re supposed to be doing.” 

(ID16:F:57y) 

Character 

preference: Laura 

is engaging, and her 

human-like 

character is 

appropriate 

Laura was helpful (85%).  “Instead of reading it, you’re hearing it and can read 

at the same time. Instead of just hearing some voice; 

you’re actually seeing (Laura) talk.” (ID05:M:55y) 

Laura was competent (84%) and 

trustworthy (72%).  

Laura made me feel confident 

(21%) and comfortable (36%).  

“I’m not sure I would have given the same level of 

credibility to, for example, a dog or a cat or 

something like that.” (ID04:M:44y) 

Room for 

improvement: a 

dissonance between 

Laura’s words and 

actions  

Laura was annoying (30%), 

boring (40%) and (not) real 

(28%).  

Interacting with Laura made me 

feel frustrated (19%).  

“She said something, but her hand gestures were 

exactly the opposite of what they should have been. 

Like, rather than a big gesture, where a big gesture is 

needed, there was a little gesture.” (ID08:F:42y) 
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Another commented on how she worried about negative feedback: “I was worried 

about making sure that I was within (my limits) knowing that I had to report to Laura! 

(ID11:F:62y) Finally, one participant contemplated selecting her best readings to report 

to Laura in order to avoid “getting told off” saying, “Do I record this one? It might be a 

bit high, and she's going to get upset with me” (ID15:F:66y). Conversely, those that 

perceived Laura to be less of an authority figure and more like a friendly coach because 

she “didn’t try and lean on any perceptions of authority, like, for example, having a 

doctor in a white coat” were also more receptive to the support she offered. This is 

because they perceived her as having a more “neutral approach”, which was “better” 

because “a conversation between peers is more likely to be engaged with than one that 

references levels of authority” (ID04:M:44y).  

Participants’ varied reactions to Laura may be linked to inconsistencies between how 

Laura looked and how they expected her to act. For example, one participant said: “It's 

set up with this young, groovy woman who's going to help me, but she sounded like my 

GP who was telling me what to do. So, it's a kind of disconnect between how (Laura) 

looks and what she's actually saying” (ID13:M: 58y).   

Finally, some participants described Laura’s role as an artificial entity as a positive trait, 

making them more receptive to receiving support from her. This is because they 

experienced judgement and blame for their condition from ‘real’ people: “From the 

minute they meet you, just by the look of you, by the look of your appearance, they will 

judge you. That's one thing I don't like about real people because it happened to me” 

(ID03:F:62y).  



235 
 

6.5.3 Theme 2: Perceived support: Laura provides emotional and motivational 

support 

For many, Laura provided emotional support that they did not otherwise have: “I 

needed somebody just to be there. I see the hospital doctors every six months, I only see 

my local doctor when I need scripts or something. Apart from that, who do you talk 

to?” (ID15:F:66y). Supporting this premise is the fact that many survey respondents 

thought that Laura was trustworthy, and interacting with her made them feel confident. 

Another example of how Laura provided emotional support is described by one 

participant who expressed how her humour helped him feel better: “(She) used to make 

me laugh when she used to stand there with her hands on her hips waiting for me 

sometimes. Like my wife is saying, it was probably good because if you felt down or 

something, it made you feel better. Well, it definitely bought a smile to my face a lot of 

times, and my wife said that’s hard to do” (ID18:M:65y). A small number of survey 

respondents reported that interacting with Laura made them feel happy, demonstrating 

some support for the premise that she may have helped alleviate some of the burden of 

care.   

Laura also provided additional motivation through enhanced monitoring and positive 

reinforcement: “She was keeping you on track and keeping you doing what you're 

supposed to be doing and keeping you doing the check-ups and that sort of stuff.” 

(ID16:F:57y) “When I was doing the exercise section she would ask for me to record 

how much exercise I was doing for the week and when I'd come back [and do it], I 

actually almost got a pat on the back from her. I wasn't trying to be impressive for 

(Laura), but I think it just gave you that little bit more incentive” (ID01:M:63y). 

Likewise, a large number of survey respondents reported feeling more motivated after 

their interactions with Laura.  
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6.5.4 Theme 3: Character preference: Laura is engaging, and her human-like 

character is appropriate 

Interacting with Laura provided an additional dimension to the relational aspect of 

communication, resulting in reports of improved engagement: “instead of reading it, 

you're hearing it and can read at the same time. Instead of just hearing some voice, 

you're actually seeing (Laura) talk” (ID05:M:55y). Participants appreciated this 

additional dimension of communication, describing it as an attempt to “try and engage 

with you” and compared it with other apps where “you're inputting information, and 

you might get a summary”, but there was no “attempt to interact back with the user” 

(ID10:M:49y). “Laura was more personal, so that's why I think I went on for the six 

months. The other apps were like just an impersonal graph or something, or just boxes 

where you put the things in” (ID07:F:67y).  

Some participants expressed a strong preference for Laura’s human-like character. 

Diabetes was described as “a human problem that should have a bit of stance and a bit 

of professionalism” (ID06:M:71y). Others thought that a non-human character like a 

“fuzzy duck” or “Dobby the diabetes elf” (ID11:F:62y) would be better because it 

would be more “fun.” For these people, having “a character, even a fictitious 

character” was more “user friendly” and better than having “nothing there” 

(ID07:F:67y).  

Participants who preferred a human-like character did not think a cartoon character 

could be taken seriously: “I'm not sure I would have given the same level of credibility 

to, for example, a dog or a cat or something like that” (ID04:M:44y). As one user put it, 

“A cute puppy telling you that you got to exercise more or, you know, eat more greens 

is going to be less convincing than a human. It just becomes a toy. Stick with somebody 
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that looks like they know what they’re talking about. (Laura) fitted that bill” 

(ID17:M:66y) and “[a non-human character] would just make me want to throw the 

phone away completely!  Because it's about a human interaction with someone who has 

information and resources about diabetes” (ID13:M:58y).  

However, there were those who didn’t care what kind of character Laura was because 

she was “an inanimate object, not a person” (ID19:M:59y). Some did not “identify 

with or warm to Laura.” One participant said, “Laura had various statements (that 

were motivational), but I don't have a relationship with Laura that caused me to value 

her opinion” (ID04:M:44y).   Another participant said that although she “learnt from” 

Laura, “it’s not like if you went to your GP and you got your bloods done, and it was 

physically down from the last six months, that’s a tangible quantity, but when it’s 

coming from an avatar, it didn’t really mean anything much” (ID12:F:61y).  

Some participants described being irritated by Laura’s ‘life’ story, for example, when 

she said: “I find that my family does such-and-such” because she was pretending to be 

something she was not “Don't try and put it over me that this is a real person that I'm 

talking to” (ID16:F:57y). But others liked Laura’s backstories. “Yeah, even though it's 

not real, but the way she talks about her kids and things like that. [I liked that] because 

it's more human (ID06:M:71y).  

6.5.5 Theme 4: Room for improvement: a dissonance between Laura’s words and 

actions  

When prompted about Laura’s appearance, speech and mannerisms, interview 

participants described Laura as being “just another robot” (ID09:M:71y) that they 

“could not connect to” because she was “not human enough.” Interacting with Laura, 

for many, depending on “how far along are you going to pretend.” As one participant 
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put it, “I couldn't suspend belief that Laura wasn't this algorithm working out what she 

needed to say to me or not say to me” (ID13:M:58y).    

The primary reason given for this perception was Laura’s “monotone” (ID08:F:42y) 

voice that sounded like a “mechanised reading mechanism” with “a strange cadence 

and inflection to some of her sentences” (ID11:F:62y). Another reason was her 

“artificial movements” (ID14:M:66y) and the dissonance between what was being said 

and her body movements. According to one user, “She said something, but her hand 

gestures were exactly the opposite of what they should have been. Like, rather than a 

big gesture, where a big gesture is needed, there was a little gesture” (ID08:F:42y). 

This may have been why some survey respondents reported feeling frustrated after 

interacting with Laura and why a reasonable proportion of participants described Laura 

as boring, annoying and not real, or were undecided about these descriptions. 

Although it seems as though Laura was not an entirely successful ECA, participants 

were willing to overlook her shortcomings because they understood the intention behind 

Laura and appreciated the effort made to make her engaging: they were willing to “cut 

them some slack” because “at least it’s trying to be personable.” And: “They’re trying 

to make her look (real) - I can understand what they’re trying to do” (ID17:M:66y). 

6.6  Discussion 

Overall, the results suggest that an ECA is acceptable to people with T2D for the 

delivery of long-term self-management education and support. We found that people 

with T2D were willing to make compromises and adjust their expectations while 

appreciating the effort of trying to create something more appealing and engaging than 

graphs and numbers on a screen. This implies that the increased interaction offered by 

an ECA may be valuable to users and a worthy avenue for developers to pursue when 
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designing apps for people with chronic conditions such as diabetes(Gaffney et al., 

2019).  

Our findings corroborate earlier research suggesting that some users perceive an ECA to 

be less judgemental and more likable than a human counterpart (Bickmore, 2010; Sillice 

et al., 2018). This is an important finding because people with T2D often experience 

diabetes-related stigma, the consequences of which can include disengagement with or 

sub-optimal self-care and diabetes-related health outcomes (Browne, Ventura, Mosely, 

& Speight, 2013). Suitably-designed ECA support may be especially important in 

making people who experience diabetes-related stigma feel less judged and more open 

to sharing difficulties with self-management, thereby potentially increasing their 

engagement with appropriate self-care (Pal et al., 2018). We also suggest that using 

supportive, non-blaming language is critical when designing ECAs for stigmatised 

conditions like diabetes (Speight, Conn, Dunning, & Skinner, 2016). 

The results suggest several mechanisms through which an ECA may help establish and 

maintain a relationship with the user over time, like increasing relational 

communication, providing ongoing emotional support and motivation, and alleviating 

some of the burden associated with chronic disease management through humour 

(Bickmore, Gruber, et al., 2005). Our results suggest that another way to improve 

acceptability is to achieve a better match between an ECA’s appearance and user 

expectations of the ECA’s perceived role. For example, some expressed the view that 

diabetes is a serious, human issue and viewed human-like characteristics as being more 

credible. Others expressed the desire to alleviate the burden of management by 

incorporating a fun character, supporting previous findings of a similar nature (Ring et 

al., 2014). These varying opinions may reflect the nascent nature of the field and the 
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fact that ECAs are not yet common.  

Another related finding was that participants who perceived Laura to be a friendly 

coach were more open to receiving support from her when compared with those that 

perceived Laura to be similar to a health professional. The implication is that an ECA 

with a relaxed, friendly approach may be more successful in building a supportive 

relationship than an ECA that adopts a more authoritative role. Future attempts to 

develop ECAs for diabetes management could accommodate both viewpoints by 

striking a balance with a human-like, friendly, approachable character and avoiding 

patronising messaging and mannerisms. More research is necessary to determine how 

users’ expectations of the role that an ECA plays in self-management varies and how 

this informs their preference for the ECA’s character.   

Another important consideration is just how ‘human’ an ECA should be. While 

participants reported a clear preference for a human-like character, which is supported 

by previous research (Easton et al., 2019), her presentation of a backstory might be a 

step too far because it did not seem credible to some participants, possibly due to an 

‘uncanny valley’ phenomenon (Mori et al., 2012). This finding has support in previous 

research on other relational agents whose personality traits and life stories are enjoyed 

by some users while, to others, the attempt at making them too human-like is not 

appealing (Bickmore, Gruber, et al., 2005; Cowan et al., 2017). It will be interesting to 

explore attitudinal changes towards ECAs with personality as they become more 

common and familiarity increases.  

Our findings add to the mounting evidence that suggests perfecting natural 

communication via congruence between verbal and non-verbal communication is 

critical to improving acceptability(Gaffney et al., 2019). Non-verbal cues such as facial 
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expressions, gaze, gestures, postures and body movements have a deep impact on the 

process and outcome of communication, with approximately 65% of social meaning 

derived from nonverbal behaviour (Burgoon, Guerrero, & Manusov, 2011). Laura’s 

mannerisms and body movements were the main basis on which she was attributed with 

particular personality traits, ranging from patronising and censorious to funny and sassy. 

Although the MDC app attempted to create an ECA with natural communication, this 

effort was impeded by the clunkiness of the speech recognition function, lack of 

inflection in Laura’s voice and a limited number of body movements that were random 

rather than matched to the context of the conversation. Understanding natural 

behaviours, biological processes that underlie them and creating efficient algorithms to 

implement a convincing simulation via an ECA is challenging but critical to the success 

of ECA-based self-management support (Easton et al., 2019; Vogeley & Bente, 2010).  

6.6.1 Strengths and limitations 

This mixed-methods study is one of the first to explore users’ experiences of a 

sophisticated ECA in a real-world setting over a 6-month period and offers several 

novel findings and suggestions for future research. Although conducted within the 

context of a randomised controlled trial, our participants used the app in the context of 

their everyday lives, which is a strength of the research. The mixed-methods approach 

provides robust evidence based on responses from a wide range of participants. 

However, people that were retired, highly educated and engaged with the app were 

over-represented in the interview sample.    

6.6.2 Conclusions 

The importance of the relational aspect of agents for healthcare is becoming an 

increasingly prominent theme in the literature. Our study adds to this literature by 
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describing the long-term experiences of people using an ECA for diabetes self-

management support and making recommendations for improvements and future 

research. These findings suggest there is a promising role for ECAs in self-management 

support and education. However, accommodating user preferences and expectations of 

the role that an ECA may play in self-management and improving their natural 

communication are key to their success.  
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Chapter 7: Discussion and Conclusions 

7.1 Chapter overview 

This final chapter presents a summary of the key findings and their implications for research 

and practice. Furthermore, the overall strengths and limitations are discussed, along with the 

next steps for this PhD research program.  

7.2 Summary of the main findings 

This thesis aimed to investigate user engagement with type 2 diabetes (T2D) self-

management apps and explore strategies to improve their real-world uptake. Consequently, 

four research objectives were addressed: 

• Objective 1: To examine the role of user engagement in the effectiveness of T2D self-

management apps; 

• Objective 2: To investigate what people with T2D want from a self-management app;  

• Objective 3: To evaluate users’ experiences with a T2D self-management app;  

• Objective 4: To assess the acceptability of an embodied conversational agent (ECA) 

to deliver support via a T2D self-management app.  

The principal findings as they relate to these objectives are summarised in the following 

sections.  

7.2.1 Objective 1: To examine the role of user engagement in the effectiveness of type 2 

diabetes self-management apps  

A systematic review of user engagement with T2D self-management apps was conducted as 

the first study in this thesis to update the evidence base of how user engagement is 

operationalised in trials of T2D self-management apps and to investigate its role in their 

effectiveness (Study 1, Chapter 3). An overall trend towards a dose-response relationship 
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between usage and efficacy was observed. However, inconsistencies in how usage was 

reported across the included studies prevented a robust confirmatory statistical analysis. 

Greater app usage was associated with better health outcomes in 82% of the studies included 

in the review that reported these metrics. The review also demonstrated that user engagement 

is still ubiquitously operationalised to be synonymous with the quantity of use in trials that 

assess the effectiveness of T2D self-management apps.  

7.2.2 Objective 2: To investigate what people with type 2 diabetes want from a self-

management app 

The second study in this program of PhD research explored the functions that adults with 

T2D want from a hypothetical perfect self-management app, using open-ended responses 

from a survey of 1,264 Australian adults with T2D (Study 2, Chapter 4) (Baptista, Trawley, 

et al., 2019).  

One of the compelling findings from this study was that people with T2D highlighted a desire 

for personalised diabetes coaching. The intensity of coaching requested ranged from general 

self-management recommendations to specific instructions and decision support based on 

personal diabetes-related data. Participants talked about wanting an app to “suggest strategies 

to consider” based on previous blood glucose readings, exercise, and food intake. In addition, 

the perfect app was described as a guardian, reminding users to take medication, exercise and 

eat well, warning them “if (their) health indicators fell outside a safe range”, and assisting 

with the scheduling of clinical tests and medical appointments.  

The findings from this study also reinforced that support for managing the emotional aspects 

of living with diabetes is an unmet need for people with T2D and indicated that a self-

management app might be an acceptable medium to deliver it. Participants described wanting 

a T2D self-management app to “be supportive and encouraging”, “give [them] confidence 
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and reassurance” so that they could become “less dependent on other people” and “take 

charge of [their] life.”  Coping with stress and improving wellbeing were other aspects of 

emotional support that participants described as valuable in an app. Finally, participants 

expressed wanting assistance with managing feelings of “guilt” and putting diabetes 

management into perspective with other priorities in their life. Collectively, the study 

findings suggest that diabetes-specific emotional support would be a valuable and acceptable 

addition to a T2D self-management app.   

7.2.3 Objective 3: To evaluate users’ experiences with long-term use of a type 2 

diabetes self-management app.  

This thesis used qualitative research investigating the real-life experiences of people with 

T2D using the My Diabetes Coach (MDC) self-management app for up to 12 months on their 

own devices to address the third aim (Study 3, Chapter 5) (Baptista, Wadley, Bird, 

Oldenburg, & Speight, 2020b).  

This study indicated that a person’s expressed self-management autonomy influences their 

experiences with and preferences of a T2D self-management app. Illustrating this, 

participants expressing greater autonomy wanted a highly functional, sophisticated app as a 

tool to assist them in the making of independent, informed decisions about their care. For 

instance, one participant said: “If I can summarise what I look for, it's not so much “tell me 

what the answers and solutions are, but give me the information, give me the options, I'm 

making this decision. I'm not looking for hand-holding.” This group valued detailed, current, 

curated information and sophisticated data tracking abilities as tools to support them in their 

independent self-management. Furthermore, they disliked the gamification elements of the 

app, such as quizzes, describing them as pointless and distracting rather than motivating. 

Finally, this group perceived some messages from the embodied conversational agent (ECA) 
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Laura as patronising.  

In contrast, participants who were arguably lower in autonomy valued convenience and 

simplicity over sophistication. They described how, when “(diabetes) information is 

provided, you don’t have to go searching for it, and that’s what’s convenient”  and reported a 

preference for explicit instructions on self-management and appreciated attempts at making 

learning fun (e.g. quizzes). They also described the novel features of the MDC app, such as 

voice recognition and the ECA Laura, as appealing. Finally, this group was far more tolerant 

of technical glitches and issues, acknowledging that these were expected from novel 

technology.  

Another key result from this study was that participants emphasised that the greatest need for 

an app supporting self-management was immediately after receiving a diagnosis of T2D. 

Looking back on their experiences, they talked about how an app providing appropriate 

support could have helped them come to terms with their diagnosis and initiate self-

management. Furthermore, participants described how the health care professional (HCP) 

recommendation of an app could be instrumental in initiating its use. As one participant put 

it: “I would see a real benefit in ensuring that people like GPs and diabetic educators are 

made very aware of the app and that they actively engage patients on diagnosis with the 

app.” Thus, the evidence from this study illustrates the critical role played by HCPs in 

influencing app uptake and, potentially, in sustaining ongoing engagement. 

7.2.4 Objective 4: To assess the acceptability of an embodied conversational agent to 

deliver support via a T2D self-management app 

The fourth and final study in this program of PhD research used a survey and interviews to 

investigate the acceptability of an ECA providing T2D self-management education and 

support via the MDC app for up to 12 months (Study 4, Chapter 6) (Baptista, Wadley, Bird, 
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Oldenburg, & Speight, 2020a).  

Survey respondents were predominantly positive in their appraisal of the ECA Laura, 

describing her as being helpful (86%), friendly (86%), competent (85%) and trustworthy 

(73%). They also reported that interacting with the ECA made them feel more motivated 

(44%), confident (21%) and comfortable (36%). In addition, interview participants discussed 

how Laura’s presence made them feel that “someone” was watching over them, increasing 

their sense of comfort, awareness, and control. Laura was also described to be more engaging 

than other apps without ECAs that participants had used previously: “Laura was more 

personal, so that's why I think I went on for the six months. The other apps were like just an 

impersonal graph or something, or just boxes where you put the things in.” Finally, Laura’s 

human-like appearance was more appealing to participants when compared with other non-

human characters. As one participant put it, “A cute puppy telling you that you got to exercise 

more or, you know, eat more greens is going to be less convincing than a human. It just 

becomes a toy. Stick with somebody that looks like they know what they’re talking about. 

(Laura) fitted that bill.” An added advantage of her human-like nature was that it also 

seemed to motivate behaviour change “I wasn't trying to be impressive for (Laura), but I 

think it just gave you that little bit more incentive.” 

However, impressions of Laura were not unanimously positive, and a substantial proportion 

of survey participants indicated that she was annoying (30%) and boring (39%). Furthermore, 

while some interview participants described her as being friendly and kind, others spoke of 

her as having a “patronising”, “authoritarian”, or “censorious” manner. Also, some survey 

respondents reported that Laura’s feedback made them feel guilty (17%). Correspondingly, 

interview participants described unfavourable feedback from Laura  as “feeling as though 

you're getting a slap on the wrist.” In turn, the anticipation of negative feedback prompted 
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some participants not to report a blood glucose reading or to disengage with the app 

temporarily because they felt apprehensive about not doing as well as they should be. 

Illustrating this apprehension, one participant said, “Do I record this one? It might be a bit 

high, and she's going to get upset with me.” Another common issue was that participants 

described how they sometimes tuned Laura out because her voice was monotonous, and her 

body movements did not match what she was saying. Finally, a few interview participants did 

not accept the ECA, describing her as being “just another robot” that they “could not 

connect to” because she was “not human enough.”  

7.3 Discussion 

The following section synthesises the findings across the research presented in this thesis and 

discusses their significance and implications for research and practice.  

7.3.1 The importance of user engagement 

The thesis findings indicate that apps designed to engage users are likely to improve their 

acceptability and therapeutic impact. The systematic review (Study 1, Chapter 3) 

demonstrated that greater app usage was associated with better health outcomes in 82% of the 

studies that reported relevant metrics. These findings add to those of Nelson, Coston, 

Cherrington, and Osborn (2016), who found some evidence of a link between usage and 

effectiveness of a wide range of digital health interventions for T2D. However, Nelson et al. 

(2016) were unable to investigate user engagement as it pertains to smartphone apps because 

the only two app-based interventions included in their review (Few Touch and Diabetes 101) 

did not report any user engagement metrics. On the other hand, the current systematic review 

included information from studies assessing 26 additional unique apps and incorporated 

further relevant findings from the Few Touch trials published in 2014 and 2018 that were not 

included in Nelson et al.’s (2016) review (Bradway et al., 2018; Holmen et al., 2014; 
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Torbjørnsen, Småstuen, Jenum, Årsand, & Ribu, 2018). Thus, the systematic review in this 

thesis is the first to provide evidence endorsing the role of objective user engagement on the 

effectiveness of T2D self-management apps by updating and extending the existing evidence 

base.  

An engagement-effectiveness link has significant implications for apps for T2D-self 

management and a broader spectrum of technology-based health interventions because it 

highlights user engagement as a strategic target for improving their impact. Moreover, if user 

engagement plays a pivotal role in effectiveness, it becomes an important variable to evaluate 

accurately. Well-designed clinical trials make it possible to determine the overall group effect 

of a technology-based intervention; however, few researchers follow up to understand why 

some individuals discontinue use. Thus, in addition to evaluating overall effectiveness, trials 

need to include an assessment of user engagement as a standard co-variable. Doing so will 

likely shed light on individual differences in user engagement that were previously not 

discoverable and highlight improvements to the intervention that may improve its 

effectiveness.  

The current systematic review was also the first to apply a contemporary working definition 

of user engagement, including the quantity of usage and a subjective component (Perski, 

Blandford, West, & Michie, 2017). The inclusion of a comprehensive, pre-specified 

definition of engagement was meant to strengthen the quality of the evidence by overcoming 

the limitations of previous reviews that did not do this (Nelson et al., 2016). However, it was 

not possible to draw any firm conclusions about the role of subjective engagement because it 

was not reported (at an individual level) in any of the included studies. Potentially, this is 

because empirical research on T2D self-management apps continues to be guided by the 

medical model that prioritises clinical efficacy over user satisfaction, thereby overlooking the 
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role of user engagement on effectiveness (El-Gayar, Timsina, Nawar, & Eid, 2013; Fu, 

McMahon, Gross, Adam, & Wyman, 2017). Thus, the review's findings lay the groundwork 

for future empirical research by confirming that few researchers consider user engagement 

and when they do, they assume it to be synonymous with the quantity of use.  

As previously discussed in Chapter 2 (Section 2.1.1), usage metrics alone may present an 

incomplete picture of user engagement that is unlikely to explain its full effect. Thus, the 

findings also suggest that the role of user engagement on effectiveness is underestimated in 

trials that do not gauge this metric appropriately. However, there is no single, widely 

accepted definition of user engagement, nor is there a standardised, validated method to 

measure it. More research is needed to gain a better theoretical understanding of user 

engagement and to develop a feasible instrument to measure it. Recently, Perski et al. (2020) 

developed and tested an engagement scale incorporating both usage and subjective 

engagement. However, in the study assessing the psychometric properties and feasibility of 

the scale with the Drink Less app, less than 5% of participants completed it. Furthermore, the 

scores revealed only weak correlations with the depth of use and the amount of use. These 

findings indicate issues with the validity and feasibility of the scale that requires further 

attention.  

Notably, participants were required to complete the engagement questionnaire immediately 

following their first session with the Drink Less app. Arguably, meaningful engagement 

involves an investment of time and attention that goes beyond initial use. Consequently, 

Perski et al.’s (2020) study participants may not have been allowed enough time to interact 

with the app when they completed the engagement questionnaire, offering a potential 

explanation for both the low completion rates and the questionable scale validity. Thus, 

although recent efforts to develop a scale to measure user engagement represents a step in the 
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right direction, further research is needed to refine an engagement measure to have good 

validity, reliability, and feasibility. Specifically, further qualitative investigation of the 

concept of engagement with smartphone apps is necessary to understand the process of 

engagement and to complement prevalent deductive approaches to defining and measuring 

engagement (O'Brien & Toms, 2008, 2010; Perski et al., 2020; Perski et al., 2017).  

In summary, the findings of this thesis have highlighted the complexity and importance of 

user engagement with T2D self-management apps. Consequently, apps designed to engage 

the user are likely to improve their acceptability and therapeutic impact. The novel 

contribution of this thesis is that it identifies user engagement as a strategic target for 

enhancing the uptake and effectiveness of T2D self-management apps and demonstrates the 

lack of consideration for this key construct in the current evidence base. 

7.3.2 App functions: quality matters 

Input from adults with T2D across multiple studies in this thesis suggests specific 

improvements to the attributes of individual functions of an app that may improve 

engagement with them. These include comprehensiveness (of information and data tracking) 

(Study 2, Chapter 4), personalisation (of feedback, goals and advice specific to an 

individual’s circumstances, existing knowledge, autonomy and empowerment) (Study 2, 

Chapter 4 and Study 3, Chapter 5), ease of use (in how data are collected, viewed and 

integrated into care routines) (Study 2, Chapter 4), convenience (in being able to access the 

app when needed, in how easily information is available) (Study 3, Chapter 5) and flexibility 

(in what is tracked, when it is tracked and when the app is used) (Study 3, Chapter 5).  

To date, user-centred research has primarily focused on what people want in a T2D self-

management app rather than how they prefer to use it. As a result, there is little information 

about how the individual functions of an app can be optimised to fit in with a user’s everyday 
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life (Anderson, Burford, & Emmerton, 2016; Arnhold, Quade, & Kirch, 2014; El-Gayar et 

al., 2013; Fu et al., 2017; LeRouge & Wickramasinghe, 2013). Thus, the findings of this 

thesis, facilitated by the detailed description of the lived experience of people with T2D using 

the My Diabetes Coach app, contribute critical learnings in how to improve the functional 

attributes of T2D apps that may enhance their utility and integration into everyday life. If 

corroborated and expanded by future research, this new knowledge will inform the design of 

app functions that enhance self-management while complementing existing lifestyles and 

priorities, which is a prerequisite for the widespread adoption of T2D self-management apps.  

Evidence from existing user-centred research corroborates some of these findings. 

Participants have described wanting a “one-stop-shop” for diabetes information that could be 

accessed on-demand, suggesting that the comprehensiveness of the information and the 

convenience of real-time access were important attributes (Pal et al., 2018). Previous 

literature has also established the need to make apps easy to use by automating data 

collection (Kelly, Jenkinson, & Morley, 2018; Scheibe, Reichelt, Bellmann, & Kirch, 2015). 

Furthermore, participants using T2D self-management apps have previously described 

personalised feedback and information as more valuable than generic advice (Adu, Malabu, 

Malau-Aduli, & Malau-Aduli, 2018; Scheibe et al., 2015; Wei, Shupei, & Holtz, 2016). 

Finally, participants using the Few Touch app requested more flexibility in when and how 

they recorded their meals (Tatara, Årsand, Skrøvseth, & Hartvigsen, 2013).  

Nevertheless, many apps available on the app store provide similar functions with 

consistently low quality, potentially limiting their uptake (Arnhold et al., 2014; Fu et al., 

2017; Scheibe et al., 2015). The implication is that app developers and researchers need to 

consider what functions an app has and how to optimise the quality characteristics of each of 

these functions systematically, based on user input. The App Feature Quality Improvement 
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Framework (Table 8), based on the results from this thesis, lay the groundwork for 

addressing these quality issues systematically. The framework can be used to make further 

refinements leveraging user input at the design, implementation, and evaluation phases of 

intervention development. In addition, this framework can be adapted to and tested within a 

more comprehensive range of health behaviour change apps. The list of features and quality 

improvements presented in the framework is not exhaustive but rather illustrates how it can 

be applied to improve the attributes of select functions of a T2D self-management app. 

Qualitative evidence from a varied sample of adults with T2D across multiple studies in this 

thesis informed these findings. Although the rich data allow for some compelling hypotheses 

about app quality attributes, a systematic investigation of the impact of the suggested 

attributes was beyond the scope of the research in this thesis. Thus, further qualitative studies 

exploring how these and other app-feature quality improvements impact a user’s experience 

in the real world is needed to corroborate, refine and add to these preliminary findings. 

Moreover, additional empirical research designed to assess the tangible impact of these 

systematic improvements on enhancing user engagement and the effectiveness of T2D self-

management apps is also needed.  
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Table 8: The App Feature Quality Improvement Framework: Illustrating quality improvements to some T2D self-management app functions 

 T2D app features 

Data tracking and visualisation Diabetes education and information Diabetes specific emotional support 

Q
ua

lit
y 

A
tt

ri
bu

te
s 

Comprehensiveness Provide the ability to track multiple sources 

of data – e.g. blood glucose, food, activity, 

stress, sleep, mood etc.  

Provide information about a wide range of 

relevant topics – e.g. causes of diabetes, 

treatments, and side effects,  

Provide holistic support for diverse 

emotional needs – e.g. motivation, 

reassurance, dealing with guilt, stigma, 

anxiety, depression etc.  

Personalisation Allow the user to choose what is tracked 

and how it is visualised 

Tailor information based on what a person 

needs after a recent diagnosis, during 

treatment intensification, and when they are 

dealing with complications etc.  

Tailor support to known issues at particular 

stages – for example, coping support at 

transitional stages in the condition (post-

diagnosis, during treatment intensification 

and when dealing with complications etc.)  

Ease of use Present data using appealing, intuitive 

visualisations 

Refine language used to be easy to 

understand 

Provide an interactive experience rather 

than text-based information- e.g. utilising an 

embodied conversational agent 

Convenience Automate data collection Provide a search function allowing users to 

look for specific information 

Provide immediate access to specific 

emotional support  

Flexibility Give the user the freedom to choose when 

they upload data 

Allow the user to set their own pace of 

learning 

Allow the user to select what they want 

support with 
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7.3.3 Embodied conversational agents: room for improvement 

Another key finding was that people with T2D desire automated, personalised self-

management coaching (Study 2, Chapter 4) and that an ECA is an acceptable means of 

providing this type of support within the context of a T2D self-management app (Study 

4, Chapter 6). These results substantiate previous studies demonstrating that ECAs may 

be acceptable across a range of conditions other than T2D (Bickmore et al., 2018; 

Bickmore et al., 2013; Gardiner et al., 2017; Laranjo et al., 2018; Provoost, Lau, 

Ruwaard, & Riper, 2017; Sillice et al., 2018). Notably, the findings from this thesis are 

the first to provide specific evidence for the acceptability of an ECA providing self-

management support for people with T2D. The acceptability of an ECA in a T2D 

context is a significant development considering the increase in the incidence and 

prevalence of the condition in Australia and internationally (Baker IDI, 2012; 

International Diabetes Federation, 2019; Magliano et al., 2009). The inference is that 

investing resources into developing ECA-based T2D self-management support is a 

worthwhile endeavour for future research and development. Doing so may help mitigate 

some of the challenges related to the cost, feasibility, and fidelity of actual human 

support while providing comparable benefits (Glasgow et al., 2010; Glasgow et al., 

2012; Pludwinski, Ahmad, Wayne, & Ritvo, 2016). These findings also have potential 

application to a broader range of health interventions that require intensive human 

support. 

This thesis also provides valuable insights into improving the acceptability of ECA 

support. For instance, those who perceived Laura to be a friendly coach were more 

receptive to her support when compared with others for whom she came across as being 

authoritarian or judgemental. These findings align with previous research suggesting 

that ECAs are more acceptable when perceived as less intimidating or less judgemental 
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(Bickmore et al., 2010; Sillice et al., 2018). Furthermore, the findings from this thesis 

extend the current knowledge base by proposing that, at least in the context of T2D self-

management apps, a suitable role for an ECA is as a friendly coach rather than a more 

official figure, such as an HCP.  

In addition, the findings suggest that reducing patronising or stigmatising messages and 

providing neutral, autonomous support are worthwhile improvements that are likely to 

enhance ECA acceptability. In recent years, novel research has recognised the role of 

HCPs in stigmatising people with T2D (Browne, Ventura, Mosely, & Speight, 2013), 

suggesting that careful attention needs to be paid to the programming of the ECA’s 

messaging. There has also been considerable interest in and international advocacy for 

person-centred, non-judgmental language use in diabetes (Dickinson et al., 2017; 

Speight et al., 2021), which could guide such efforts.  

Finally, the findings from study 4 (Chapter 6) indicate that a significant barrier to 

acceptability was Laura’s “robotic” voice and the observation that her body movements 

were not synchronised to match the content of her speech. Elsewhere, these 

characteristics are acknowledged to impact ECA acceptability across a broad range of 

health interventions (Gardiner et al., 2017; Martínez-Miranda et al., 2019; Sillice et al., 

2018; Stara et al., 2021). The degree of anthropomorphism (appearance of the ECA) and 

behavioural realism (voice and mannerisms of the ECA) that is most acceptable has 

been debated widely, with little evidence to support a consensus (Kang & Watt, 2013; 

Waytz, Cacioppo, & Epley, 2010). The consensus is that making ECAs more human-

like will improve their acceptability. This assumption is built on the premise that people 

unconsciously exert the social norms and dynamics that would occur when interacting 

with another human, even when interacting with an artificial entity (Kaplan, Farzanfar, 



265 
 

& Friedman, 2003; Reeves & Nass, 1996). However, there is also evidence suggesting 

that a highly realistic ECA can be unsettling for users, reducing its acceptability (Kang 

& Watt, 2013; McGloin, Nowak, Stiffano, & Flynn, 2009; Mori, MacDorman, & 

Kageki, 2012; Seyama & Nagayama, 2007; Thaler, Schlögl, & Groth, 2020; Venning et 

al., 2021).  

The findings from this thesis offer a potential explanation for these contrasting views by 

presenting the novel suggestion that a mismatch between an ECA’s anthropomorphic 

characteristics and behavioural realism is the root cause of the discomfort, rather than 

the degree of sophistication of either of these characteristics, in isolation. The data from 

this thesis suggest that users’ expectations were violated when the ECA’s body 

movements did not predictably conform with the content of her speech. Users report 

being distracted by this perceived discrepancy to the extent where some participants 

resorted to turning Laura “off” to continue using the app with less disruption. The 

inference is that optimising a match between anthropomorphism and behavioural 

realism to align with users’ expectations is likely to enhance ECA acceptability. 

Importantly, these improvements may represent more feasible and less costly strategies 

to optimise ECA support when compared to developing increasingly sophisticated 

ECAs. Finally, they exemplify a practical approach that will likely lead to improved 

engagement with a broader range of ECA-based health interventions.  

Future research should examine this mismatch hypothesis via carefully designed lab-

based experiments (Thaler et al., 2020) that test which combinations of ECA 

appearance, voice and body movements are least distracting and most appealing. A 

recent review of ECAs in health interventions highlights the lack of design guidelines 

that improve engagement with them (ter Stal, Kramer, Tabak, op den Akker, & 
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Hermens, 2020). In line with the findings from this thesis, the review concludes that the 

field of ECA development is still immature. More research is warranted to create 

anthropomorphic and behavioural realism guidelines and understand the setting and 

appearance of the ECA that work best within specific contexts.  

7.3.4 The need for holistic app support  

A further finding of note from this thesis is that people with T2D desire app-based 

support for both the practical and emotional aspects of self-management (Study 2, 

Chapter 4). Furthermore, several specific forms of support were implicated, including 

encouragement, reassurance, support for independent management, dealing with stress 

and guilt and improving mental wellbeing (Study 2, Chapter 4 and Study 3, Chapter 5).  

People with T2D have previously stressed how important it was for digital self-

management interventions to acknowledge and provide support for managing stress, 

anger, frustration, and guilt related to diabetes self-management (Cassimatis, Kavanagh, 

& Smith, 2014; Pal et al., 2018; Petersen & Hempler, 2017). Furthermore, accounts 

from people with diabetes suggest that they experience a wide range of negative 

emotions or diabetes distress, including anxiety, fear of complications, feeling burned 

out and a loss of hope (Litterbach, Holmes-Truscott, Pouwer, Speight, & Hendrieckx, 

2020; Stuckey et al., 2014), whilst receiving little acknowledgement of, and support for 

these issues from their HCPs (Litterbach et al., 2020). The profound negative impact of 

diabetes distress on mental and physical well-being is well-documented. Yet, existing 

evidence suggests that support for these emotional challenges is not available to a large 

proportion of people with diabetes (Halliday, Hendrieckx, Beeney, & Speight, 2015; 

Jones, Vallis, & Pouwer, 2015; Skinner, Joensen, & Parkin, 2020; Speight, Hendrieckx, 

Pouwer, Skinner, & Snoek, 2019; Young-Hyman et al., 2016).  
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Similarly, multiple reviews report that currently available apps rarely support 

psychosocial aspects of diabetes self-management, focusing instead on managing the 

physical symptoms of the condition (Breland, Yeh, & Yu, 2013; Brzan, Rotman, 

Pajnkihar, & Klanjsek, 2016; Wu et al., 2017). Only two out of 27 apps identified in the 

systematic review (Study 1, Chapter 3) were observed to provide any type of emotional 

support, further illustrating this point. The first of these was the One Drop app which 

delivers motivational messages and self-management support (Osborn, van Ginkel, 

Marrero, et al., 2017; Osborn, van Ginkel, Rodbard, et al., 2017). The second was 

Serenita, an interactive relaxation app that uses biofeedback (blood flow, heart rate, and 

heart rate variability) to provide individualized breathing instructions on modulating 

stress levels (Munster-Segev, Fuerst, Kaplan, & Cahn, 2017). Besides these exceptions, 

the exclusive focus of current T2D self-management apps on the medical aspects of 

self-management may reflect an entrenched belief within the scientific community that 

biomedical health outcomes are more consequential than psychosocial outcomes (Jones 

et al., 2015; Ngan, Chong, & Chien, 2021; Peimani, Nasli-Esfahani, & Sadeghi, 2018; 

Skinner et al., 2020). Collectively, the evidence from this thesis highlights the need for 

diabetes distress support and indicates that emotional support (motivation, reassurance 

and encouragement) is also essential, while suggesting that a T2D self-management app 

is an acceptable means to provide both.  

Interestingly, the findings also suggest that an ECA may be particularly suited to 

catering to the emotional needs of people with T2D. Many participants described the 

support they received from Laura as being encouraging, motivating, and reassuring 

(Study 4, Chapter 6). These results align with previous research indicating that ECAs 

can enhance perceived support, comfort, and social connection (Bickmore et al., 2018; 

Gardiner et al., 2017; Sillice et al., 2018). Thus, the value of the findings from this 
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thesis is that they suggest a novel alternative to providing much needed diabetes-

specific emotional support in an acceptable, scalable manner by utilising an ECA. There 

is a substantial body of existing literature on diabetes distress, including potential 

interventions and HCP communication strategies to address distress, that can inform the 

provision of this type of support via an ECA (Ngan et al., 2021; Peimani et al., 2018; 

Schmidt, van Loon, Vergouwen, Snoek, & Honig, 2018; Skinner et al., 2020). However, 

particular attention needs to be paid to how this knowledge can be effectively translated 

into support from an ECA in a way that is both empowering and meaningful to people 

with T2D.  

In line with the principles of empowerment, the provision of relevant emotional support 

needs to be informed by the lived experiences of people with T2D (Funnell & 

Anderson, 2004; Meetoo & Gopaul, 2005). To begin with, a systematic narrative 

synthesis of the existing qualitative literature investigating descriptions of emotional 

struggles that people with T2D face is needed. Next, themes identified from this 

qualitative literature should be explored further, using in-depth interviews with people 

with T2D, to gain a comprehensive understanding of how an ECA can be designed to 

deliver appropriate support.  

7.3.5 User characteristics influence app preferences 

A striking result emerging from the data in study 3 (Chapter 5) was that app preferences 

vary based on expressed autonomy levels. Qualitative explorations of the attitudes of 

people with T2D towards self-management agree with this finding and suggest that 

autonomy can influence attitudes towards self-management (Peel, Lawton, Douglas, & 

Parry, 2005). Higher autonomy has also been linked to greater satisfaction and success 

using an app for diabetes management (Fu et al., 2019). Of note is a recent qualitative 



269 
 

study where the authors observe relationships between levels of self-determination and 

preferences towards certain app features (Turchioe, Heitkemper, Lor, Burgermaster, & 

Mamykina, 2019).  In this study, participants who preferred external monetary 

incentives were not comfortable with personal reflection, goal setting, and decision-

making. They expressed a preference to rely on their HCPs to tell them what their ‘next 

steps’ should be. The findings from this thesis are in line with those from this recent 

study and provide further evidence for the merit of considering individual user 

characteristics when designing T2D self-management apps.  

To date, most commercial apps are designed with a ‘one size fits all’ approach, with 

little attention given to creating apps that match user characteristics (Fu et al., 2017). 

The value of this thesis is that it demonstrates that a ‘one size fits all’ approach is 

unacceptable and may be detrimental to app engagement and uptake. In addition, the 

results provide insights into how app developers can tailor specific features such as 

information provision, gamification and messaging within an app to suit the user's 

needs. Participants expressing high autonomy wanted a highly functional, sophisticated 

app as a tool to assist them in the making of independent, informed decisions about their 

care. Thus, providing these users with powerful data tracking and analysis tools, in-

depth, curated information about diabetes and acknowledging the central role in their 

management will likely align with their preferences. On the other hand, participants 

who were arguably lower in autonomy valued convenience and simplicity over 

sophistication. For these users, basic information, provided in manageable chunks, 

gamification elements (e.g. quizzes and rewards) and prescriptive directions on self-

management are likely to suit their needs.  

It must be noted that inferences about user autonomy were made based on how 
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participants described themselves rather than using validated instruments. Future 

investigations should aim to corroborate these results utilising validated scales to 

measure relevant psychological constructs (such as the Treatment Self-Regulation 

Questionnaire for autonomy, Perceived Competence Scale or Confidence in Diabetes 

Self-Efficacy for competence/ self-efficacy and the Health Climate Questionnaire for 

provider autonomy support) (Levesque et al., 2007; G. C. Williams, Freedman, & Deci, 

1998). In addition, further qualitative research exploring these constructs and their role 

in determining app preferences will help inform the design of appropriate support.  

While providing support for a person’s existing level of autonomy is desirable, to begin 

with, it is also essential to understand how to design support that shifts motivation to a 

more intrinsic level over time by providing autonomy support. There is an established 

body of theoretical and empirical literature on autonomy support that can guide this 

work (Grønnegaard, Varming, Skinner, Olesen, & Willaing, 2020; Rotter, 1966; Ryan 

& Deci, 2000; Varming et al., 2019; G. C. Williams et al., 1998; G. C. Williams, Lynch, 

& Glasgow, 2007; G. C. Williams, McGregor, Zeldman, Freedman, & Deci, 2004). 

However, an in-depth exploration of the mechanism of behaviour change within the 

context of app use over the long term is necessary to apply this research to developing 

an app that promotes autonomy.  

7.3.6 The importance of health care professional endorsement 

A key finding of this thesis was that a self-management app might be most valuable 

soon after a diagnosis of T2D is received (Study 3, Chapter 5). Results from other 

qualitative research are broadly consistent with this result, with participants in one study 

describing how they would have benefitted more from using a T2D self-management 

app if it had been introduced to them at an earlier stage of their condition (Torbjørnsen, 
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Ribu, Rønnevig, Grøttland, & Helseth, 2019). A plausible explanation for the need for 

an app following diagnosis is that the demands on a person with T2D may be 

exceptionally high at this point. To live well with the condition, people with newly 

diagnosed T2D have to come to terms with the emotional consequences of being 

diagnosed, assimilate new information about the pathophysiology of the condition and 

available treatment options, initiate complex day-to-day and long-term self-management 

practices and learn how to navigate the health system (Peel et al., 2005; Peel, Parry, 

Douglas, & Lawton, 2004; Petersen & Hempler, 2017). Based on accounts from people 

with T2D, these activities must often be conducted with limited access to detailed, 

relevant information and ongoing support (Horigan, Davies, Findlay‐White, Chaney, & 

Coates, 2017; Litterbach et al., 2020; Peel et al., 2004). Illustrating this point, people 

with T2D report having trouble executing the advice they receive from their HCPs, 

describing it as being too generic, with not enough detail on how they are meant to 

implement it (Litterbach et al., 2020; Peel et al., 2004; Petersen & Hempler, 2017). 

Research has also demonstrated that T2D apps that facilitate real-time tracking and 

visualisation of diabetes-related data can help people with diabetes make direct links 

between their behaviour and fluctuations in blood glucose. Over time, repeating this 

process and learning from it allows them to initiate or make changes to self-

management routines (Jeffrey et al., 2019; Kelly et al., 2018; Petersen & Hempler, 

2017; Scheibe et al., 2015). Collectively, the evidence suggests that an app may be well 

suited to providing detailed information and implementation support that is often 

missing in the routine care that people with T2D receive. Addressing these systemic 

gaps in care is imperative because doing so is likely to lead to better long-term 

outcomes, benefiting the health and quality of life of people with T2D (Deed, Barlow, 

& Kuo, 2012; Nam, Chesla, Stotts, Kroon, & Janson, 2011). Potentially, these 
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improvements in care may also help reduce the downstream costs to health systems 

related to the management of diabetes-related complications (Baker IDI, 2012; 

International Diabetes Federation, 2019; Lee et al., 2013). For these reasons, the finding 

that an app may be both useful and acceptable to those that have received a recent 

diagnosis of T2D is a notable contribution of this thesis. 

Currently, existing diabetes apps are not explicitly targeted to providing support to 

people with a recent diagnosis of T2D (Brzan et al., 2016; Demidowich, Lu, Tamler, & 

Bloomgarden, 2012). Thus, more qualitative research is needed to understand the type 

of specific information and support most useful following diagnosis and how apps can 

be designed to provide it. Furthermore, resources should be invested in developing apps 

that support particular condition stages other than post-diagnosis. For example, in line 

with recommendations from the American Diabetes Association, app-based support 

may also be designed to assist with other critical challenges, such as treatment 

intensification or dealing with complications (American Diabetes Association, 2020). 

There is a wealth of research on what people with T2D struggle with when they are 

newly diagnosed (Peel et al., 2005; Peel et al., 2004; Petersen & Hempler, 2017) and 

beyond (Corbin & Strauss, 1985; Lawton, 2003), that can inform this work. 

Typically, participants preferred to have an app introduced by their HCP (Study 3, 

Chapter 5). Other evidence substantiates the premise that people are more likely to trust 

and use an app endorsed by their HCP (Australian Communication and Media 

Authority, 2015, 2016; Consumers Health Forum of Australia, 2018; Jeffrey et al., 

2019; Petersen & Hempler, 2017). Furthermore, people with T2D value the ability to 

discuss the potential benefits of using an app, receive assistance with downloading and 

setting up the app and have the option to incorporate tracked information into regular 
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consultations with their HCP (Petersen & Hempler, 2017). Integrating diabetes-related 

data tracked by an app into clinical consultations is likely to facilitate improvements in 

health outcomes and enhance empowerment among people with T2D (Graffigna, 

Barello, Bonanomi, & Menichetti, 2016; Greenwood, Gee, Fatkin, & Peeples, 2017; 

Rossi & Bigi, 2017). Thus, the evidence from this thesis, combined with existing 

literature, implies that a referral pathway that begins with an HCP recommending an 

app soon after diagnosis may optimise engagement with it.  

 Despite the potential value of incorporating a T2D self-management app into routine 

care, people with T2D consistently report that they do not receive advice from their 

HCP concerning apps (Jeffrey et al., 2019; Pal et al., 2018). There are several possible 

reasons why an HCP may be reluctant to endorse the use of a T2D self-management 

app. First, HCPs may not believe that apps add value to traditional medical treatments. 

They may also be reluctant to use data collected by their clients because they perceive it 

to be unreliable. Ancker et al. (2015) ascribe HCPs lack of confidence to the belief that 

the people in their care would not divulge suboptimal blood glucose readings to avoid 

judgement. These HCP attitudes were apparent to the participants in the study. They 

consequently expressed frustration at putting in the effort to track their health-related 

data with little perceived reward. Additionally, HCPs may not have enough time to 

research apps, discuss app options and incorporate data from app use into routine 

consultations (Doyle-Delgado & Chamberlain, 2020). It is also possible that some HCPs 

do not have sufficient technical competency to conduct the type of research necessary to 

determine what constitutes a suitable, safe app and to help their clients use it effectively 

(Petersen & Hempler, 2017).  

Collectively, the evidence from this thesis and the literature suggests that although 
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people with T2D may desire support from their HCP in using apps, several barriers need 

to be addressed before this can be achieved in practice. First, more qualitative research 

is required to investigate the attitudes of HCPs and people with T2D to understand and 

address potential barriers to the collaborative use of apps. Moreover, HCPs need to 

realise that blaming people for not doing 'well enough' is not helpful and not conducive 

to an open and productive therapeutic relationship. Such attitudes can disempower 

people and discourage them from engaging with tools such as T2D self-management 

apps that could be beneficial (Ancker et al., 2015; Litterbach et al., 2020). Instead, 

HCPs should be prepared to have an open discussion with their clients about apps, 

including their reasons for using them, what appropriate use involves, and setting action 

plans for dealing with potential negative emotional consequences from their use. 

Furthermore, rather than suggesting sustained engagement with an app, HCPs can 

recommend specific apps for particular purposes, for example, setting up a new self-

management routine, as an overview of management from time to time and when 

treatment intensification is being implemented. However, resources that contain 

relevant information for HCPs on how to support app use among their clients are 

inadequate, suggesting that developing these is a worthy avenue for further research 

(Kuehn, 2015).  

Finally, with an increasing number of commercially available apps, finding ones that 

are relevant, safe and effective remains a challenge, especially with limited local 

guidance for HCPs and people with T2D (Diabetes Australia, 2014; Diabetes Victoria, 

2021). The International Diabetes Federation (Europe) recommends that HCPs employ 

a multi-step process of reviewing the literature, searching app stores, reading app 

reviews and seeking recommendations from other HCPs (Rose, Petrut, L'Heveder, & de 

Sabata, 2019). Similarly, Hale, Capra, and Bauer (2015) propose a framework to guide 
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HCPs in identifying and recommending evidence-based apps that match their client’s 

needs. However, following these guidelines while keeping up with the constantly 

evolving landscape of self-management apps is not practical, given the heavy workload 

of most HCPs. Thus, an Australian-specific resource that has an updated, curated list of 

evidence-based apps is needed. This resource should be freely available to Australian 

HCPs and people with T2D, with a search function allowing them to find apps based on 

their preferences and evidence for effectiveness. There are existing resources in other 

countries, such as the UK and the US, that can be used as a blueprint to guide this 

critical innovation (AADE, 2018; Ahn & Stahl, 2019; NHS, 2021).  

7.3.7 Beyond design: the need to incorporate user input at all stages of an 

intervention 

Overall, the findings from this thesis demonstrate the value-add from utilising 

information about user engagement to inform not only the design but also the 

implementation and evaluation of T2D self-management apps. Doing so can effectively 

leverage learnings from past research and eventually help build effective and engaging 

technology.  

However, there are difficulties in conducting this type of research that need further 

consideration. High quality randomised controlled effectiveness trials are considered the 

gold standard because of the quality of the evidence they produce. Yet, they can be 

costly and can take years to complete (Mohr, Cheung, Schueller, Hendricks Brown, & 

Duan, 2013). Furthermore, because this design requires the intervention to remain static 

to preserve its fidelity, it is not possible to assess if improvements in the intervention 

have impacted user engagement until the end of the trial. This need for fidelity often 

means that the intervention and user engagement information may be obsolete before 
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the evidence for its effectiveness is available. Thus, novel research designs that keep up 

with changing technology are necessary to study and learn from user engagement.  

Some suitable research designs include Multiphase Optimisation Strategies (MOST) 

and Sequential Multiple Assignment Randomised Trial (SMART) designs (Almirall, 

Nahum-Shani, Sherwood, & Murphy, 2014; Collins, Murphy, & Strecher, 2007; Jacobs 

& Graham, 2016). These essentially involve evaluating interventions adapted in real-

time, either sequentially or concurrently. Moreover, advancements in real-time 

assessments such as Ecological Momentary Assessments (EMAs) make it possible to 

use immediate participant feedback to enable timely adaptations to intervention and 

assess their impact in real-time (Riley, Serrano, Nilsen, & Atienza, 2015). Future 

research needs to leverage the potential of these novel study designs as tools to 

accelerate learnings from user input at design, implementation, and evaluation phases of 

all digital health behaviour change interventions in general and T2D self-management 

apps in particular (See Figure 2, Chapter 1, Section 1.11).  

7.4 Strengths of the research  

7.4.1 The novelty of the research 

Overall, a primary strength of the research is that it explored relatively novel concepts 

in the population health literature, which are nevertheless critical issues that limit the 

uptake and benefit of T2D self-management apps. This thesis is the first to provide 

evidence for the potential impact of user engagement on the effectiveness of T2D self-

management apps. Another novel contribution is the App Feature Quality Improvement 

Framework, which systematically improves the functionality of individual features 

within an app (See Table 8, Chapter 7, Section 7.3.2). Finally, this thesis is the first to 

demonstrate that an ECA may be acceptable to deliver T2D self-management support. 
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In addition to improving the impact of T2D apps, these findings are likely to apply to a 

broader suite of digital health technology interventions, thereby increasing the salience 

of the research and providing a comprehensive foundation for future advancements. 

7.4.2 Empowering people with type 2 diabetes 

This research was designed to represent the views of people with T2D and inform 

improvements that are meaningful to them. For example, the thesis highlights the need 

for T2D self-management apps to support both the practical and emotional aspects of 

living with diabetes. It also emphasises the need for apps that can be easily integrated 

into everyday life and clinical consultations. Finally, the thesis demonstrates the value 

of incorporating user input into all stages of an intervention, not just at design (See 

Figure 2, Chapter 1, Section 1.11). Doing so will facilitate the creation of both effective 

and engaging apps for people with T2D. Thus, this thesis lays the groundwork for 

future research that measures the success of an intervention in ways that are likely to 

empower the people who use them. 

7.4.3 Study design 

The systematic review presented as the first study in this thesis (Chapter 3) successfully 

overcame some limitations of previous work (Nelson et al., 2016). First, a systematic 

and comprehensive search resulted in 26 novel smartphone app interventions to the 

existing evidence base. Second, the quality of the studies was assessed using the 

National Heart, Lung and Blood Institute’s suite of quality assessment tools (The 

National Heart Lung and Blood Institute, 2019). Finally, this review was also the first to 

apply a contemporary working definition of user engagement that incorporated both the 

quantity of use and subjective engagement (Perski et al., 2017).  

The MILES-2 study (Study 2, Chapter 4) incorporated open-ended responses about T2D 
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self-management app preferences from a large, national, diverse sample, rarely seen in a 

qualitative study (N= 1264). Furthermore, because the responses were not restricted to a 

list of existing features, the study design allowed for the discovery of new information 

about user preferences that were not possible in previous research investigating this 

topic (Boyle, Grainger, Hall, & Krebs, 2017; Conway, Campbell, Forbes, Cunningham, 

& Wake, 2016; Dobson & Hall, 2015).  

Finally, studies 3 and 4 (Chapters 5 and 6) incorporated diverse experiences of adults 

with T2D using the My Diabetes Coach app and the characteristics that influence the 

acceptability of the ECA Laura. The use of in-depth interviews with people with T2D 

efficiently elicited rich descriptions and elaborations of participant responses as needed. 

Furthermore, these studies are the first in Australia to investigate long-term engagement 

with a T2D self-management app (up to 12 months) used on a personal device in the 

person’s everyday setting. Thus, these local data provide rare contemporary insights 

supplementing the published evidence base and informing the real-world acceptability 

and implementation of T2D self-management apps. 

7.5 Limitations of the research 

The limitations of the MDC and Diabetes MILES-2 studies have been previously 

described elsewhere (Browne et al., 2017; Gong et al., 2020). These include non-

representative samples, low response rates to the MILES-2 survey and inability to blind 

participants and HCPs in the MDC study. The following section consolidates the 

additional limitations that are relevant to this program of PhD research.  

7.5.1 Representativeness of the samples and transferability of the data 

Purposive sampling was used to limit sample bias and achieve variation in the interview 

sample's user characteristics (Study 3 and 4, Chapter 5 and 6). Participants were 
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stratified by age, gender, education, occupation, location, duration of T2D and app use 

at recruitment, which was largely successful and resulted in a reasonably diverse 

sample. Despite these efforts, interview participants were highly engaged and reported 

using the app more frequently (36±17 interactions) than the total MDC intervention 

sample (18±15 interactions). Furthermore, the interview sample was highly educated, 

and 63% had a graduate degree compared with 30% of the general Australian 

population (Statista, 2020) (See Table 4, Section 5.5 for a comparison of the interview 

sample and the MDC sample). For these reasons, the findings from the interviews may 

not be transferable to those in the general population of Australian adults with T2D who 

may not be as motivated or have fewer years of formal education. Thus, the findings 

from this thesis require confirmation through further consultation with larger, more 

diverse Australian samples. 

7.5.2 Study design  

First, the low response rate to the ‘perfect app’ question in the MILES-2 survey is a 

limitation that must be acknowledged. In study 2 (Chapter 4), only 339 out of 1264 

respondents provided a usable response. 559 (44%) did not answer the open-ended 

perfect app question, 285 (40%) responded “don’t know”, 37 (5%) responded “don’t 

need”, and 19 (2%) responded “don’t use” or miscellaneous responses that were 

irrelevant to the aim of this study (e.g. “cure diabetes”). The MILES-2 survey included 

validated scales and study-specific items addressing several psychosocial aspects of 

living with diabetes other than app use. Several scales and questions related to general 

wellbeing, symptoms of depression and anxiety, diabetes-specific distress, diabetes-

related stigma, quality of life, physical and mental health, weight stigma, memory, 

access to healthcare, social and peer support, self-management behaviours, diabetes-

specific self-efficacy, psychological insulin resistance, diabetes complications, self-
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esteem and self-compassion had to be completed before the question relevant to this 

study (Browne et al., 2017). Thus, the low rate of usable responses may reflect survey 

fatigue, based on the length and depth of the MILES-2 survey. 

Furthermore, the data in study 2 (Chapter 4) included participant responses to a single 

open-ended question in the MILES-2 survey. Although this design allowed for a large 

number of qualitative responses from the general population of adults with T2D, it was 

not possible to explore why a large proportion of respondents did not use or did not 

need apps. This thesis aimed to inform strategies that promote widescale uptake of T2D 

self-management apps. Thus, the information about why people don’t use or don’t need 

apps is important to consider because it can shed light on whether their choice is related 

to functional issues rather than personal preferences. Moreover, this study design did 

not allow the further exploration or follow-up of responses about the perfect app.  

To address these limitations, studies 3 and 4 (Chapters 5 and 6) were designed to 

complement the data from study 2 (Chapter 4) by incorporating an in-depth exploration 

of participant experiences of the MDC app in their everyday lives for up to 12 months. 

This multi-pronged approach incorporating comprehensive recruitment and study 

design strategies enabled data collection, rich in both quantity and depth.  

7.5.3 Lack of robust investigation of behaviour change and health outcomes 

The qualitative methods used in studies 2, 3 and 4 (Chapters 4, 5 and 6) were adopted to 

explore participant views on engagement with T2D self-management apps. The rich 

data from these studies enabled new knowledge about important aspects of T2D self-

management apps, including their design, implementation and evaluation. However, an 

investigation of whether these improvements have measurable impacts on user 

engagement and, ultimately, tangible improvements in health outcomes was beyond the 
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scope of this thesis. For example, although the data suggest that user engagement may 

be linked to behaviour change and health outcomes, validated scales were not used to 

measure these constructs and link them quantitatively to the relevant health outcomes.  

At the time of conception, a scale to measure user engagement with digital health 

behaviour change interventions did not exist. Due to the lack of resources and 

limitations of sample size, the development of a novel scale to measure engagement was 

outside of the scope of this thesis. The recent work by Perski et al. (2020) represents 

progress in developing such a scale; however, there are issues with validity, reliability 

and feasibility that remain. The detailed descriptions of user engagement with the My 

Diabetes Coach app allow for valid inferences and new learnings that add to the existing 

knowledge base. Nevertheless, the results from this thesis need to be corroborated by an 

examination of the published literature on the relevant topics and further empirical 

investigation.  

7.5.4 Data limitations 

Data from people with T2D presented in this thesis was collected in 2015-2017 and 

reflects their views over that period. Due to the constantly evolving landscape of 

smartphone and app technology, these data may be outdated, which is a common 

drawback of current study designs (Mohr et al., 2013). As discussed previously, novel 

research designs, including Multiphase Optimisation Strategies (MOST) and Sequential 

Multiple Assignment Randomised Trial (SMART) designs (Almirall et al., 2014; 

Collins et al., 2007; Jacobs & Graham, 2016), and real-time assessments such as 

Ecological Momentary Assessments (EMAs) should be utilised to maximise the 

efficiency of gathering user input and making immediate adaptations to interventions 

that keep up with the pace of evolving technology (Riley et al., 2015).  
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Also, a lack of subjective user engagement data in the included studies limited the entire 

achievement of the aim of the systematic review (Study 1, Chapter 3). Furthermore, the 

poor quality of the studies and the heterogeneity of the interventions within them further 

reduce the reliability of the data and prevent the ability to draw any firm conclusions. 

These limitations are common factors in reviews assessing T2D self-management apps 

(Hou et al., 2018).  Nevertheless, it is necessary to acknowledge the issues with the data 

informing the systematic review and highlight the need for studies assessing the 

effectiveness of T2D self-management apps to systematically report attributes of the 

intervention and user engagement with it.  

7.5.5 Lack of health care professional input 

The research presented within this thesis was designed to represent the viewpoints of 

adults with T2D. It thus included an extensive literature search in addition to qualitative 

and mixed-methods research incorporating user input. One of the findings was that HCP 

endorsement and continued involvement might be instrumental in initiating and 

promoting long-term engagement with T2D self-management apps (Baptista, Wadley, 

Bird, Oldenburg, & Speight, 2019). However, direct input from HCPs was not a part of 

the original design and was not sought as part of this thesis. Future research must 

investigate potential barriers to collaborative app use among HCPs to add to the 

findings from this thesis.  

7.5.6 Other factors relevant to user engagement with T2D self-management apps 

Several other barriers exist that potentially limit the uptake of T2D self-management 

apps and may have had an explanatory role in the findings from this thesis. However, 

they were beyond the scope of this thesis. Socio-demographic characteristics, dealing 

with co-morbid conditions, health literacy, cultural norms, mental health issues, age and 



283 
 

gender play a role in technology adoption in general and app use and engagement in 

particular (Desai, Levine, Albers, & Mamykina, 2018; Jeffrey et al., 2019; Mitchell, 

Chebli, Ruggiero, & Muramatsu, 2019; Nelson et al., 2016; S. Williams, Orsega-Smith, 

& Ruggiero, 2020). A complex combination of socio-demographic and psychological 

factors likely determines uptake and engagement with diabetes self-management apps. 

An in-depth investigation of these additional factors was not possible within this thesis's 

parameters but should be investigated by future research endeavours. Finally, cost, 

integration with health eco-systems, care for co-morbid conditions and potential issues 

with safety and privacy of data remain issues that are beyond the scope of this thesis but 

still require attention (Carroll et al., 2017; Danilin, 2019). 

7.6 Recent advances in type 2 diabetes self-management apps and 

ECAs 

Since this research program was conceived in 2015, there have been some noteworthy 

improvements in the functionality and aesthetic appeal of select T2D self-management 

apps. Rather than being standalone, some apps are now connected to other databases 

and devices, including wearables and sensors, medical devices and electronic health 

records (Pohl, 2019). There has been a shift in the market where other products and 

services are being combined with diabetes self-management apps to provide 

comprehensive care for people with diabetes. For example, the mySugr bundle includes 

a blood glucose meter, the mySugr app, diabetes coaching and unlimited strips for 

people with diabetes (Mayer, Bankosegger, & Kober, 2019). Another example is the 

One Drop Diabetes Health Package, which includes a glucose meter, test-strips, a 

mobile app, personalised coaching and the ability to share diabetes-related data with an 

HCP. The One Drop app can track blood glucose, medication, food and activity and 

connect to fitness trackers (Osborn, van Ginkel, Marrero, et al., 2017). Bundled offers, 
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including connected services and devices, apps and coaching, are predicted to become 

the norm (Muoio, 2018). However, these bundles are not currently available in Australia 

(MySugr, 2021; One Drop, 2021b). 

Furthermore, they are not free and can cost between $20 per month to up to $100 per 

month (One Drop, 2021a). Their price may make them inaccessible and undesirable, 

based on the evidence that apps that have a fee attached to them have a much lower 

uptake than apps that are free (Demidowich et al., 2012). Without a commercial model 

supported by subsidies, for example, from health insurance companies or the 

government, these bundles are likely to remain unaffordable to the vast majority of the 

general population of people with T2D. 

Despite advancements in a few apps with a robust commercial model, the functionality 

of most other available apps has not improved drastically. A recent review reports that 

the most common feature is still blood glucose monitoring, with fewer apps 

incorporating the ability to track other diabetes-related data, diabetes education and 

reminders (Adu, Malabu, Callander, Malau-Aduli, & Malau-Aduli, 2018). Furthermore, 

most diabetes apps still do not provide useful decision support options or specific 

recommendations for self-management (Lum et al., 2019). The involvement of users 

and clinicians in the design process remains very low, indicating that this is still a 

significant gap that needs to be addressed (Adu, Malabu, Callander, et al., 2018). 

Collectively, the findings from this thesis and the latest evidence suggest that substantial 

work is needed to develop an effective and engaging T2D self-management app that is 

scalable up to a population level.  

Rapid technological advancements have resulted in a new generation of ECAs that can 

interpret what users are saying and create unique, precise and context-specific responses 
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in real-time (Laranjo et al., 2018; Peter, Rodney, Erik, & et al., 2016). These 

improvements are driven by developments in natural language processing capabilities 

and artificial intelligence. However, a recent review demonstrates that the pace of robust 

user-centred research is not keeping up with these developments, suggesting that further 

empirical research using more innovative study designs are necessary to capitalise on 

them (ter Stal et al., 2020).  

Furthermore, artificial intelligence is forecasted to have disruptive potential within the 

healthcare sector (Research2Guidance, 2017). However, to date, the application of 

artificial intelligence algorithms has been primarily limited to T2D risk factor analysis, 

screening and the diagnosis of complications (Abhari, Kalhori, Ebrahimi, 

Hasannejadasl, & Garavand, 2019). To some extent, the limited application of artificial 

intelligence to the development of T2D self-management applications may reflect a lack 

of detailed user experience information to date. Thus, a future focus on developing 

informational datasets on aspects of self-management, including both practical and 

emotional aspects of self-management are critical if these technologies are to be 

leveraged successfully.  

7.7 Recommendations and next steps  

The following section incorporates findings from this program of PhD research to make 

recommendations for future research and resource development for clinicians and 

people with T2D, some of which will form the basis of a post-doctoral research 

program.  

7.7.1 Focus on engagement  

First, future research should focus on refining the theoretical construct of user 

engagement and improving the feasibility and validity of existing instruments. 
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Engagement theory and scale development have to date been approached deductively, 

based on existing definitions prevalent in the literature (O'Brien & Toms, 2008, 2010; 

Perski et al., 2020; Perski et al., 2017). The rich descriptions of participants’ long-term 

use of the My Diabetes Coach app presented within this thesis also represent an 

opportunity to enrich current definitions of user engagement. These data could not be 

explored within the scope of this thesis but will be examined as part of a post-doctoral 

research project. The planned research will combine an inductive, data-driven approach 

(incorporating qualitative data from interviews with the My Diabetes Coach app users) 

with data from previous deductive approaches (incorporating existing literature on user 

engagement) to enrich the current definition of user engagement and provide the basis 

for the development of a scale to measure it.  

A further recommendation is that high-quality effectiveness trials be supplemented with 

parallel, comprehensive, standardised investigations of user engagement, including 

subjective and objective components, to examine the mechanisms between user 

engagement and outcomes. These methodological improvements will also likely 

uncover insights into which elements of the intervention work, for whom and why (or 

why not), providing vital, fine-grained re-design recommendations leading to 

continuously evolving, improving interventions.  

7.7.2 Optimise app quality 

The conduct of future high quality qualitative and mixed-methods research to 

investigate the feasibility and acceptability of diabetes-specific emotional support, 

autonomy support and tailored support at diagnosis and beyond is also necessary.  

In addition, systematically improving the relevance and quality of T2D self-

management apps through strategic user involvement, examining the quality attributes 
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that people with T2D find valuable, and the impact of making these improvements on 

users’ experiences and tangible outcomes is recommended. The App Feature Quality 

Improvement Framework (See Table 8, Chapter 7, Section 7.3.2) can be used as a 

foundation for this work, which will likely improve the integration of T2D self-

management apps into users' everyday lives, thereby improving their uptake and 

therapeutic impact.  

7.7.3 Improve ECA-based support 

Future researchers should target specific improvements to refine ECA-based self-

management support via T2D self-management apps. These include strategies to reduce 

patronising or stigmatising language and determine the ideal balance between 

anthropomorphic characteristics and behavioural realism of an ECA.  

7.7.4 Develop resources supporting collaborative app use in a clinical setting 

Finally, further qualitative research should explore the views of both people with T2D 

and HCPs to understand further some of the barriers and enablers of collaborative app 

use in the clinical consultation environment. Subsequently, training resources designed 

to assist both people with T2D and HCPs with conversations about incorporating apps 

into usual care (e.g. potential benefits, adverse consequences and setting expectations of 

data collection and use) should be developed.  

Feedback from both people with T2D and HCPs should also be used to identify 

potential T2D self-management apps for an Australian user that are clinically relevant 

and engaging. These findings should inform the creation of a living, searchable 

evidence base of T2D self-management apps for HCPs and people with T2D.  
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7.8 Concluding remarks  

The COVID-19 pandemic has highlighted how interruptions to routine care and 

shortages of health care resources can drive sub-optimal care for people living with 

chronic conditions, with some evidence suggesting that those with diabetes are at 

particular risk (Rubino et al., 2020). Collectively, the effects of a pandemic can manifest 

as decreased healthcare utilisation, decreased self-care, compromised psychosocial 

outcomes, increased incidence of diabetes-related complications and increased risk of 

morbidity and mortality in people with diabetes (Campbell et al., 2020; Grabowski, 

Overgaard, Meldgaard, Johansen, & Willaing, 2021; Madsen, Willaing, Rod, Varga, & 

Joensen, 2021; Sacre et al., 2021; Skinner et al., 2020). COVID-19 has served as a 

disrupter, forcing changes to how health is delivered remotely (Torous, Myrick, 

Rauseo-Ricupero, & Firth, 2020). Consequently, there is an opportunity to leverage 

these changes to create faster-paced change that would not have been possible or 

warranted previously.  

Worldwide, the number of smartphone users is 3.8 billion, an increase of 40% since 

2016, with the most significant growth in ownership in developing countries and among 

older adults (Australian Communication and Media Authority, 2016; Pew Research 

Center, 2021; Statista, 2021; Twohig, 2015). The technology inherent in these 

intelligent devices, such as language translation and personalisation, represents a unique 

opportunity to leverage these capabilities to provide equitable care that has not been 

previously possible in other formats such as online or face to face (Shaw et al., 2020). 

Simultaneously, the diabetes app market is surging and set to hit $742 million by 2022 

(Muoio, 2018). An exponential increase in T2D self-management apps suggests that 

they are recognised tools to fill an essential public health gap.  
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The combination of disruption due to the pandemic, the ubiquity of smart devices, 

exponential increase in commercial investment in the diabetes app market and 

technological advances in artificial intelligence represent a perfect storm for a paradigm 

shift in self-management support for T2D and other conditions via smart devices. 

Nevertheless, low rates of uptake continue to be a considerable obstacle. The findings 

from this thesis are timely because they lay the foundation for future research 

addressing critical issues that may help diminish the gap between the potential of apps 

supporting T2D self-management and reality.  

It must be acknowledged that an app is not a silver bullet. Technology alone does not 

reduce the burden of self-management. Previous research has demonstrated how 

maintaining constant vigilance of a chronic condition can be distressing, burdensome 

and depressing for people with T2D (Lupton, 2013). Furthermore, apps and other digital 

self-management tools should remain supplementary and complementary to usual care 

and should not be viewed as replacements.  Nevertheless, apps present a largely 

untapped resource for those who want them to provide comprehensive, flexible, 

accessible, tailored, ongoing T2D self-management support.  

The design of an app or a suite of supportive technology for people with T2D is not a 

single step endeavour but rather a dynamic, iterative process that is constantly evolving. 

My research demonstrates that the user’s perspective is critical at the initial stage of 

design and subsequent stages of implementation and evaluation (see Figure 2, Chapter 

1, Section 1.11). Applying user-centred methodology repeatedly and consistently across 

the field of research will likely lead to a progressive refinement of the interventions and 

achieve a better fit over time. Type 2 diabetes self-management apps can only exert 

their effect if they are engaging and if people engage with them. The novel findings 
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from this program of PhD research present avenues for, and inform the conduct of, 

further research to promote the development of apps that meet people’s needs and 

identify who benefits and how, rather than repeatedly testing similar apps for 

effectiveness. Moving beyond efficacy and understanding what matters to users, what 

works for them and what translates to improvements in their health outcomes is 

necessary to enhance engagement with, and therefore the therapeutic impact of T2D 

self-management apps.  
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Appendices 

Appendix A: Controlled vocabulary terms used in the review search 

PsycINFO: Diabetes Mellitus, Type 2 and Cell Phone  

Medline (OVID): Type 2 Diabetes and Mobile Phones or Smartphones 

Embase: non-insulin dependent diabetes mellitus and smartphone or mobile phone 

CINAHL Complete: Diabetes Mellitus, Type 2 and Cellular Phone or Smartphone 

Keyword variants included to ensure comprehensiveness:  

For type 2 diabetes: "diabetes type 2" or "diabetes type-2" or "diabetes type II" or 

"diabetes type-II" or "type 2 diabetes" or "type-2 diabetes" or "type II diabetes" or 

"type-II diabetes" or "diabetes mellitus type 2" or "diabetes mellitus type-2" or 

"diabetes mellitus type II" or "diabetes mellitus type-II" or T2D 

M or "insulin independent diabetes" or "non insulin dependent diabetes" or "non-

insulin dependent diabetes" or "noninsulin dependent diabetes".  

For smartphone apps: Smartphone* or "smart phone*" or smart-phone*or 

cellphone* or cell-phone* or "cell phone*" or "cellular phone*" or mobile-phone* or 

"mobile phone*" or "mobile technolog*" or "mobile app*" or mobile-app* or m-

health or mhealth or "mobile health" or text-messag* or "text-messag*" or iphone or 

ipad or android.  
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Appendix B: Final search and results: 27th September 2019 

Database: Ovid MEDLINE 

# Searches Results 

1 Diabetes Mellitus, Type 2/ 125115 

2 

("diabetes type 2" or "diabetes type-2" or "diabetes type II" or "diabetes 

type-II" or "type 2 diabetes" or "type-2 diabetes" or "type II diabetes" or 

"type-II diabetes" or "diabetes mellitus type 2" or "diabetes mellitus 

type-2" or "diabetes mellitus type II" or "diabetes mellitus type-II" or 

T2DM or "insulin independent diabetes" or "non insulin dependent 

diabetes" or "non-insulin dependent diabetes" or "noninsulin dependent 

diabetes").mp. 

178195 

3 1 or 2 178195 

4 Cell Phone/ 7995 

5 Smartphone/ 3317 

6 

(Smartphone* or "smart phone*" or smart-phone*or cellphone* or cell-

phone* or "cell phone*" or "cellular phone*" or mobile-phone* or 

"mobile phone*" or "mobile technolog*" or "mobile app*" or mobile-

app* or m-health or mhealth or "mobile health" or text-messag* or "text-

messag*" or iphone or ipad or android).mp. 

37588 

7 4 or 5 or 6 37588 

8 3 and 7 718 

9 limit 8 to yr="2008 - 2019" 634 

10 limit 9 to english language 614 
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Database: PsycINFO  

# Searches Results 

1 Type 2 Diabetes/ 3247 

2 

("diabetes type 2" or "diabetes type-2" or "diabetes type II" or "diabetes 

type-II" or "type 2 diabetes" or "type-2 diabetes" or "type II diabetes" or 

"type-II diabetes" or "diabetes mellitus type 2" or "diabetes mellitus 

type-2" or "diabetes mellitus type II" or "diabetes mellitus type-II" or 

T2DM or "insulin independent diabetes" or "non insulin dependent 

diabetes" or "non-insulin dependent diabetes" or "noninsulin dependent 

diabetes").mp. 

8759 

3 1 or 2 8759 

4 Mobile Phones/ 4348 

5 Smartphones/ 1313 

6 

(Smartphone* or "smart phone*" or smart-phone*or cellphone* or cell-

phone* or "cell phone*" or "cellular phone*" or mobile-phone* or 

"mobile phone*" or "mobile technolog*" or "mobile app*" or mobile-

app* or m-health or mhealth or "mobile health" or text-messag* or "text-

messag*" or iphone or ipad or android).mp. 

14061 

7 4 or 5 or 6 14061 

8 3 and 7 99 

9 limit 8 to yr="2008 - 2019" 92 

10 limit 9 to english language 89 

11 limit 10 to "0110 peer-reviewed journal" 78 
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Database: Embase Classic+Embase  

# Searches Results 

1 non insulin dependent diabetes mellitus/ 242559 

2 

("diabetes type 2" or "diabetes type-2" or "diabetes type II" or "diabetes 

type-II" or "type 2 diabetes" or "type-2 diabetes" or "type II diabetes" or 

"type-II diabetes" or "diabetes mellitus type 2" or "diabetes mellitus 

type-2" or "diabetes mellitus type II" or "diabetes mellitus type-II" or 

T2DM or "insulin independent diabetes" or "non insulin dependent 

diabetes" or "non-insulin dependent diabetes" or "noninsulin dependent 

diabetes").mp. 

290312 

3 1 or 2 290312 

4 smartphone/ 9695 

5 mobile phone/ 15815 

6 

(Smartphone* or "smart phone*" or smart-phone*or cellphone* or cell-

phone* or "cell phone*" or "cellular phone*" or mobile-phone* or 

"mobile phone*" or "mobile technolog*" or "mobile app*" or mobile-

app* or m-health or mhealth or "mobile health" or text-messag* or "text-

messag*" or iphone or ipad or android).mp. 

49467 

7 4 or 5 or 6 49467 

8 3 and 7 1104 

9 limit 8 to yr="2008 - 2019" 1022 

10 limit 9 to english language 1003 

11 limit 10 to (article or article in press) 482 
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12 limit 11 to exclude medline journals 76 

 

Database: CINAHL Complete 1947 to 2019 September 27 
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Appendix C: Table comparing respondents to non respondents – MILES-2 

  

  
 

Response to open-ended question: ‘Perfect app’ Total 

(N=1,264) Usable free-

text response 

(n=339) 

No response 

(n=559) 

‘Don't know’ 

(n=285) 

‘Don't use’ 

(n=19) 

‘Don't need’ 

(n=37) 

Other 

(n=25)  

Gender: female 153 (45%) 247 (44%) 113 (40%) 6 (32%) 8 (22%) 14 (56%) 539 (43%) 

Age: years 58±10 61±10 64±8 63±10 62±9 61±6 61±9 

Education: highest level        
 

Year 10 or less 66 (19%) 178 (32%) 77 (27%) 1 (5%) 6 (16%) 2 (8%) 330 (26%) 
 

Year 12 or Apprentice 140 (41%) 219 (39%) 121 (42%) 12 (63%) 19 (51%) 11 (44%) 522 (41%) 
 

Graduate or Post-graduate 132 (39%) 159 (28%) 87 (31%) 6 (32%) 12 (32%) 12 (48%) 408 (32%) 

Socio-economic status        
 

Low 69 (21%) 160 (29%) 68 (24%) 6 (32%) 6 (16%) 2 (8%) 311 (25%) 

Medium 120 (35%) 188 (34%) 103 (36%) 8 (42%) 15 (41%) 4 (16%) 438 (35%) 

High 145 (43%) 201 (36%) 110 (39%) 5 (26%) 16 (43%) 18 (72%) 495 (39%) 

Diabetes duration: years 10±7 11±8 12±7 13±11 14±9 12±6 11±7 

Self-reported HbA1c: %/ (mmol/mol) 7.3±2.0 

(56±44) 

7.0±1.5 

(53±32) 

7.0±1.4 

(53±30) 

6.9±1.1 

(52±24) 

6.8±1.3 

(51±28) 

7.4±2.1 

(57±46) 

7.1±1.7 

(54±37) 

Unknown HbA1c 69 (20%) 269 (48%) 86 (30%) 4 (21%) 11 (30%) 6 (24%) 445 (35%) 

Currently using app(s) for self-management: 

Yes 

48 (14%) 10 (2%) 7 (2%) 0 0 3 (12%) 68 
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