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Abstract 

Digital health interventions (DHIs) show great 

promise in empowering patients to take positive action 

toward their self-care by helping them with chronic 

disease self-management efforts. However, 

problematic user engagement with DHIs is a key issue 

preventing the full realization of DHI benefits. DHI 

design issues, such as lack of personal relevance, can 

negatively impact user engagement and consequently 

prevent patients from entering the empowerment 

process. The literature recognizes that avatars can be 

used to assimilate a self-concept during human-

computer interaction and enhance personal relevance 

through self-presence. Yet, little is known about 

designing avatars to achieve self-presence in the 

context of digital health. This paper reports the results 

of a design science research study that explores key 

design elements that can facilitate a personal 

connection between users and technology by inducing 

self-presence through avatars. This study has 

implications for the theory-driven design of DHI to 

engage users with chronic conditions. 

 

 

1. Introduction  

Chronic disease is the leading cause of death and 

disability as well as the leading driver of annual 

healthcare costs ($3.5 trillion in annual healthcare costs 

(2019)) in the US [1]. Digital health interventions 

(DHIs), digital health that delivers health interventions 

via smartphones, websites, and text messaging [2], hold 

great potential for patient self-management of chronic 

health conditions [3]. Behavior change (e.g., eating 

healthy) is critical for chronic disease management and 

prevention [4]. DHIs for self-management of chronic 

conditions are increasingly gaining attention to drive 

changes in user’s attitudes, behaviors, and compliance 

behaviors that could lead to improved health outcomes 

[5-12, 79]. In this study, we focus on health behavior 

change, one of the major goals of health behavior 

support systems [4, 79]. 

Considering user engagement in the healthcare 

context may be particularly important for achieving the 

promise of digital health interventions [13].  In 

Human-Computer Interaction (HCI), user engagement 

is conceptualized as the subjective experience of flow, 

a mental state characterized by enjoyment and focused 

attention [14]. User engagement can provide a 

powerful explanation for intention to use and continued 

use of technology [15-17].  

User engagement has been associated with the 

health intervention effectiveness of digital health 

technologies, specifically health behavior change [18-

21].  However, studies report that problematic user 

engagement is one of the major challenges in realizing 

the full potential of digital health interventions [21-27].  

Problematic engagement with DHIs can be 

attributed to design issues. Studies recognize that 

personal relevance is one of the desired DHI 

characteristics (as reported by DHI users) that can 

improve user experience and enhance engagement [28-

30].  Personal relevance can be described as a 

personally meaningful connection between user and 

technology [31]. In the field of persuasive technology, 

there is the general thought that the more users identify 

with technology (i.e., the more users find technology 

personally relevant for them), the more likely they will 

be persuaded to change their behaviors in a way that 

the technology suggests [24 32]. Even though personal 

relevance is essential for both engagement and the 

ultimate target of behavior change, there is currently 

more emphasis on designing technically sophisticated 

DHIs than making these technologies personally 

relevant to users [33]. As a result, most existing DHIs 

fail to feel relatable to their users [29 33], which may 
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cause problematic user engagement with DHIs. 

Creating personally relevant DHIs can improve user 

engagement with DHIs thereby leading to health 

behavior change and improved health outcomes.  

Therefore, we need to understand how to support 

the personal relevance of technology through various 

design features. In this study, we leverage the concept 

of self-presence, an illusion that one’s virtual 

representation is indeed oneself [34], to address this 

question. Research indicates that user’s experience of 

self-presence is associated with enhanced levels of 

perceived personal relevance of technology [35]. 

Self-presence can be realized through avatars, 

users’ virtual representations that facilitate interaction 

with the virtual environment, entities, and other users 

[36-37]. Self-presence functions by mapping users onto 

their avatars [38] and converging the virtual with the 

physical through the interplay of the user's offline and 

online identities [39]. Designing avatars that allow 

users to achieve self-presence can increase the personal 

relevance of technology to its users and cause an 

effective behavior change [40].  

Design Science Research (DSR) may be the best 

methodological perspective to expand the current 

limits in knowledge and understanding regarding the 

design of digital health avatars.  This methodological 

perspective focuses on creating innovative artifacts 

(e.g., methods, models, constructs, instantiations) and 

knowledge about artifacts at different levels of 

abstraction [41-42]. In DSR, design principles are one 

of the main forms of design knowledge [41-45] that 

capture the knowledge “…about creating instances of 

artifacts that belong to the same class” [46]. Design 

principles are prescriptive statements that explain how 

to do something to achieve a specific goal [47]. Design 

principles put a lot of emphasis on the user’s social 

context [48]. Understanding user’s social context can 

be crucial for creating tools to support health behavior 

change [49]. Applying design principles to DHIs can 

be powerful in terms of understanding potential users 

(e.g., their life experiences related to illness) and 

helping users achieve their health behavior goals. At 

present, design principles that provide direction in the 

DHI and general IT design space to enhance self-

presence through avatars do not exist. Existing studies 

on avatar design either do not focus on design 

principles at all [50] or focus on design principles that 

do not capture the concept of self-presence and the 

context of health [51].    

The purpose of this study is to develop design 

principles to prescribe how to design avatars that help 

users achieve self-presence in their use of DHI to self-

manage chronic conditions. To inform the design 

principles for avatars in DHIs, we draw on the 

biocultural theory of presence [52]. The biocultural 

theory of presence is appropriate for understanding 

self-presence in the context of chronic care because it 

explicates multiple layers of self-presence (body, 

emotional, identity) that align with the social context of 

chronically ill users.    

Researchers and developers can incorporate 

evidence-based design principles to support avatar-

induced self-presence in the avatar design. In addition, 

decision-makers can make better selections among 

alternative DHIs. Avatars developed and deployed that 

align with the self-presence design principles can 

enhance the personal relevance of DHIs for its users. 

Improvements in the DHI design have implications for 

engagement with technology and, therefore, positive 

health behavior changes, which can eventually lead to 

improved health outcomes of the chronically ill. 

 

2. Background 

2.1. Design Principles: Key Aspect of 

Design Science Research 

DSR is a problem-solving approach that focuses 

on creating a novel artifact and knowledge about the 

artifact [41] at different levels of abstraction, ranging 

from concrete instantiations to design principles and 

design theories [42]. Design theory is prescriptive and 

emphasizes theoretical underpinning, which says how a 

design process should be carried out in effective and 

feasible ways [74]. The purpose of design theory is to 

support the achievement of specific goals by attending 

to meta-requirements (the class of goals to which the 

theory applies) and meta-designs (a class of artifacts 

that meet the meta-requirements) of the artifact.   

The scope of this study is to generate a set of 

design principles, a well-known and accepted form to 

communicate nascent design knowledge in design 

theory [43], by attending to the social context of key 

stakeholders and the overall purpose of the artifact. 

Design principles are statements that guide or constrain 

actions, prescriptive in nature, and constitute the basis 

for action [47].   

DHIs that are based on design principles can be a 

powerful tool to drive health behavior change. Design 

principles put a lot of focus on the user’s social context 

[48]. In health-related research, social context refers to 

a patient’s life experiences, social relationships, and 

societal influences [75]. Understanding user’s social 

context can be crucial for creating tools to support 

health behavior change [49]. For example, a user might 

be lacking social support to achieve their healthy 

eating goals. Design principles could reveal this aspect 

of user’s lives and provide guidance on how to address 

this issue through technology design.  
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There currently exist no design principles that 

guide the design of avatars to enhance self-presence in 

the context of chronic care. First, existing studies on 

design principles for avatars (e.g., [51]) do not focus 

on the context of health or more specifically chronic 

care. For instance, Blake and Moseley (2010) discuss 

general design principles for avatars in educational 

technology [51]. Design principles for educational 

technology might not be completely pertinent to the 

goals and context of DHI users. The goal of 

educational technology lies in facilitating learning 

(e.g., avatars providing users with links to relevant 

information sources) and supporting the cognitive 

efforts of users. On the other hand, DHIs go beyond 

facilitating learning as they aim to promote some level 

of understanding of healthy behavior and also induce 

health behavior change (e.g., showing users how to 

perform physical activity). In addition, the social 

context of DHI users revolves around their health and 

well-being that might not be necessarily relevant to 

users of educational technologies. For DHIs, it is 

crucial to capture the nuanced experiences of using 

technology for health to enhance the personal 

relevance of technology for this population. 

Second, in the context of health, avatar design has 

been explored [69] but not in relation to self-presence. 

There is still a lack of research that prescribes how to 

induce self-presence in DHIs. Some DHI studies tend 

to focus on specific avatar characteristics (e.g., 

similarity, avatar body size) and the effectiveness of 

DHIs [50]. Other studies tend to look at the 

relationship between self-presence and avatar-induced 

behavioral conformity (i.e., Proteus effect) [39] or the 

avatar-induced behavioral conformity and behavior 

outcome (e.g., physical activity and eating behaviors) 

[40] omitting explication of how to holistically design 

avatars in DHIs to induce user’s sense of self-presence.     

To address gaps in current research, we need to 

create design principles that account for the concept of 

self-presence and are appropriate for avatars in 

healthcare. To achieve this goal, we leverage the 

biocultural theory of presence [52]. This theory views 

the concept of presence as having three layers: proto, 

core, and extended. These layers can reflect avatar 

design with respect to avatar body, avatar emotions, 

and avatar identity. Moreover, these layers are 

appropriate for the context of healthcare as they align 

with the experiences of chronically ill users who 

experience their illness in terms of their physical 

functioning, psychological functioning, and illness 

identity [54]. 

2.2. Biocultural Theory of Presence 

The biocultural theory draws on Damasio’s theory 

of consciousness [53] by conceptualizing natural (in-

person) and technology-mediated presence in terms of 

proto, core, and extended presence [52]. The tight 

integration of three layers enhances the overall sense of 

presence. 

These three layers of presence (proto, core, and 

extended) align with the following experiences of the 

chronically ill: disruptions in physical functioning, 

disruptions in psychological functioning, and 

formation of illness identity [54].  

Proto presence refers to the sense of physical 

being based on the extent to which individuals can 

correctly couple their perceptions and movements and, 

therefore, differentiate themselves from the external 

world [52]. In the context of avatars, proto (body-level) 

self-presence has been defined as “the extent to which 

a mediated self-representation is integrated into body 

schema” (p.325) [55]. When proto self-presence is 

achieved, avatars become a physical extension of the 

body, and awareness of the gap between a user and 

technology dissipates.  

Proto self-presence aligns with the user’s physical 

functioning, which refers to the individual ability to 

perform various daily living activities [56 57]. 

Individuals with chronic conditions may experience 

changes in their appearance, and their experiences of 

various sensations in the body may interfere with daily 

activities, thereby affecting their physical functioning 

[58]. To derive design principles at the proto level, we 

propose the following research question:  

 

Research Question 1: What are the design principles 

for avatars at the proto level of self-presence that 

reflect user’s physical functioning? 

 

Furthermore, core presence refers to individuals' 

emotional state that arises from the encounters between 

proto self and objects in the external environment [53]. 

In the context of avatars, core (emotion-level) self-

presence has been defined as “the extent to which 

mediated interactions between self-presentation and 

mediated objects cause emotional responses” (p. 326) 

[55]. Emotional responses arise during the experience 

of technology use and may linger after the experience 

for some time.  

Core self-presence can be aligned with user’s 

psychological functioning. For chronically ill users, 

physical limitations and changes can lead to individual 

distress [59], resulting in a person’s disruption of 

psychological functioning, i.e., emotional well-being 

[60]. Disruption in the psychological functioning of the 

chronically ill can be associated with “fear that one is 
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losing control over one’s body and/or that one can no 

longer do what one could before” [58] and diminishing 

trust in one’s own body.  Therefore, to understand how 

to design avatar at the core level, we propose the 

following research question: 

 

Research Question 2. What are the design principles 

for avatars at the core level of self-presence that 

reflect user’s psychological functioning? 

 

Finally, extended presence, which Damasio calls 

as autobiographical self [53], refers to the individuals’ 

perception of their identity based on personal traits and 

past experiences [52]. In the context of avatars, 

extended (identity-level) self-presence has been 

defined as “the extent to which some aspect of a self-

representation is related to some aspect of personal 

identity” (p.326) [55]. Illness identity, which defines 

the degree to which an illness becomes integrated into 

one’s sense of self [54 58 61], forms as a result of 

changes in physical and psychological functioning and 

aligns with extended self-presence. To understand how 

to design an avatar at the extended level, we propose 

the following research question: 

 

Research Question 3. What are the design principles 

for avatars at the extended level of self-presence that 

reflect user’s illness identity? 

 

Overall, in this study, we aim to identify design 

principles for avatars that allow users to achieve self-

presence in DHIs for self-management of chronic 

conditions. By leveraging the biocultural theory of 

presence, we create design principles that align with 

the life experiences of chronically ill users at body, 

emotion, and identity levels. To achieve this goal, we 

draw relevant data from a user-centered design science 

project that sought to design DHIs for managing 

obesity and overweight.  

3. Methods 

3.1. Context of the Study 

The context of this study is the development of 

digital health to support overweight and obese 

adolescents. Adolescent overweight and obesity are 

major public health issues affecting more than 12.7 

million children and adolescents and the overall 

healthcare system ($190 billion in annual healthcare 

costs in the US) [62-64]. It is particularly relevant to 

study adolescent digital health as adolescents tend to 

be early adopters [65] and the highest users of 

technology [66]. DHIs have great potential to improve 

the health behaviors of obese and overweight early in 

life. Healthy behaviors developed early in life can set 

the foundation for lifelong health [67 68]. Moreover, 

research shows that adolescents are generally 

interested in having virtual characters to assist 

adolescents with self-management efforts in the 

context of digital weight management programs [69-

71].  

The current study draws relevant data from a 

larger user-centered design science research project 

aimed at designing a DHI targeting obese and 

overweight adolescents. For this study, we focus on 

aspects of the methods and data mainly related to the 

inclusion of avatars in the design of DHIs to support 

overweight and obese adolescents in self-management. 

Further details about focus groups, semi-structured 

interviews, usability testing, and coding procedures can 

be found in prior studies [69-72]. 

The data for this study were collected in two 

phases, including focus groups and usability testing 

with adolescents participating in structured healthy 

behavior programs. Phase 1 techniques included 10 

one-hour user-driven focus groups with adolescents 

participating in accredited weight self-management 

programs. Phase 2 focused on usability testing of 

screen prototypes and exploring the context of use. 70 

adolescents attending the weight management camp 

sessions (Camp Jump Start) were recruited to 

participate in usability sessions that lasted 

approximately 1 hour. Qualitative data from Phase 1 

and Phase 2 were analyzed using Dedoose©, a 

qualitative data analysis software. Usability testing 

results from Phase 2 were used to inform our research 

questions.  

3.2. Grounded Theory Methodology 

Techniques 

There exist four main grounded theory 

methodology (GTM) approaches: the classic approach, 

the evolved approach, the mixed-method approach, and 

the use of GTM techniques for data analysis [76]. In 

this study, we use GTM techniques for data analysis. 

This approach employs GTM coding techniques for 

data analysis without strict adherence to GTM 

principles. In line with this approach, we use the 

biocultural theory of presence as a priori theory to 

guide open and selective coding techniques towards 

deriving a set of theory-driven principles. 

First, we revisited transcripts and notes related to 

avatars from the usability testing sessions (Phase 2). 

We first applied open coding to break data down 

analytically and discern which sections of transcripts 

and notes were relevant to the current study. 

Specifically, we looked for meanings and concepts that 

were direct or tangent to the understanding of the 
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biocultural theory's aspects and the social context of 

obese and overweight.  

       Second, we analyzed relevant coding structures by 

applying selective coding procedures to develop a set 

of concepts to provide a theoretical explanation of the 

phenomenon of interest [77]. During selective coding, 

all categories of data are unified under core categories, 

which represent the central phenomenon of the study.  

In accordance with selective coding, we mapped data 

related to features and the context of avatars' use to 

higher-level concepts from biocultural theory.  

During the coding process, the team met regularly 

to iteratively discuss initial coding relevant to the 

current study and reach a consensus regarding 

identified themes identified in selective coding [78]. 

Reconciling issues were minor and primarily consisted 

of agreeing on labels for identified themes. Data 

analysis was complete after the team had reached a 

consensus that the resulting themes related to each self-

presence layer were accurate and stable.  

4. Results 

Overall, adolescents’ responses reveal various 

avatar features that align with three self-presence 

layers: proto, core, and extended.  Proto self-presence 

design principles align with user’s physical functioning 

and show avatar features at the body level. Core self-

presence design principles align with user’s 

psychological functioning and show avatar features at 

the emotion level. Finally, extended self-presence 

design principles align with user’s illness identity by 

showing avatar features at the identity level. 

4.1. Proto self-presence 

Participants expressed that avatars could act as 

their proxy in the virtual environment. The adolescents 

also identified specific body schema design elements 

requiring consideration to facilitate proto self-presence 

and align with their physical functioning: alignment 

between appearance and behavior, voice, physical 

body, and body movement. 
Universally, the adolescents sought alignment 

between the avatar’s appearance and behavior. For 

example, one participant felt that the animal-looking 

avatars should be designed to say things and perform 

actions that are "animal appropriate," therefore, a dog 

would not roar like a lion or run like a horse.   

The adolescents discussed the physical body 

representation of the avatar in relation to matching 

their own anthropometric measurements such as 

weight and height. For example, one participant said, 

“What your avatar weight is, and then you work from 

that and you can change the weight, make it lower, like 

you eat healthier, your avatar gets thinner too while 

you get thinner.” 

Most adolescents felt that an avatar with a voice 

would prompt them towards behaviors that would 

support their health goals (e.g., interactions with other 

avatars or receiving health tips). The manifestation of a 

voice could be expressed by a visual speech bubble, 

audio sound, or both. 

Finally, participants indicated that body movement 

would be relevant to their avatars. Participants stated 

that they would be interested in seeing the avatars 

move their arms and legs in some way. Participants 

suggested various basic actions that can be performed 

with avatar’s arms and legs: walking, running, 

jumping, shaking head yes or no, clapping, and 

pointing. They also suggested more complex 

movement patterns aimed at performing tasks such as 

cooking, dancing, and eating. One participant said, 

“And that person is doing the cooking and the clean-up 

so it kind of shows you a little bit how to do this in a 

certain way that you're supposed to do it.” 

In alignment with adolescents’ responses, we 

formulated the following design principles: 

 

To allow chronically ill users to achieve proto 

self-presence, avatars in DHI for self-management of 

chronic conditions should… 

DP1: ……exhibit alignment between appearance 

and behavior. 

DP2: …match users’ anthropometric 

measurements such as height and weight. 

DP3: …interact with users (through a voice 

feature). 

DP4: …perform a range of body movements. 

4.2. Core self- presence 

Participants discussed several avatar features that 

align with core self-presence and psychological 

functioning of users. Discussed features were related to 

the motivational content, facial expressions, and 

emotional responses. 

Participants discussed several ways in which 

avatar could provide users with motivational content 

that could affect their motivational state in relation to 

engagement with technology and health behaviors. 

Regarding content, some participants were interested in 

avatar’s instant encouragement in the form of 

motivating messages (e.g., “Good job!”) as a response 

to users’ actions. Different elements of the reward 

system (e.g., badges, labels, new accessories, and 

clothing) were mentioned as forms of motivational 

content to be engaged with technology. 
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Also, participants discussed avatar’s ability to 

express emotions in response to users’ actions. Some 

participants mentioned specific facial expressions (e.g., 

looking angry, frustrated, curious, or confused). For 

instance, one participant said, “If you're just eating 

pizza and ice cream it [avatar] would be all […] like 

sad, frowny face.” 

General emotional responses in reference to users’ 

food choices were also indicated. For example, one 

participant said, “Happy, never really angry, but it 

[avatar] can become like mad a little bit, you know?  If 

you’re not doing it for more than a week, it could 

become angry?”    

In alignment with adolescents’ responses, we 

formulated the following design principles: 

 

To allow chronically ill users to achieve core self-

presence, avatars in DHI for self-management of 

chronic conditions should… 

DP5: …provide motivational content. 

DP6: …have facial expressions in response to 

users’ actions. 

DP7: …provide emotional responses to users’ 

actions. 

4.3. Extended self-presence 

Participants identified various avatar features that 

could contribute to the ongoing construction of an 

individual self (e.g., their identity) and align with 

extended self-presence. These features appear to 

support adolescents’ presence in the virtual 

environment as envisioned or historical selves and 

could, therefore, facilitate the extended self-presence. 

These features included appearance, character, future 

self, environment, avatar-friend, and avatar-coach. 

Participants generally stated that they want to 

express themselves in the virtual environment by 

changing their avatars' appearance. Preferences in 

terms of the degree of likeness to self-varied.  Some 

adolescents indicated that they want to take a picture of 

themselves and create their avatars based on their 

actual appearance. Other participants of the study 

emphasized that they wanted an avatar to resemble 

themselves at least partially. 

Moreover, participants discussed their interest in 

choosing different characters (e.g., chefs, teachers, 

trainers, etc.) for their avatars. For instance, one 

participant said, “I’d say make like a character or 

something like a main character like a chef or 

something.”   

Participants also discussed various features 

pertaining to their vision of the future self in relation to 

their appearance and health. Some participants wanted 

their avatars to decrease in size as new weights or 

foods are entered in the application to align with what 

the adolescents are experiencing or want to experience 

in real life as they change their life habits. For instance, 

one participant said, “Well, I think there should be an 

avatar of what you look like now and what you want to 

look like, so, I think that would be really cool.” 

Furthermore, participants commented about the 

environment. Specifically, participants wanted to align 

their self-representations with their virtual 

surroundings. Participants generally felt that the 

environment should be appropriate for the avatar 

identity (e.g., football field) or activities performed by 

the avatar (e.g., exercising). 

Responses of some participants supported their 

intention to bring parts of the real world into the virtual 

environment. Specifically, responses related to viewing 

the avatar as a friend. For example, one participant 

stated, “I like a buddy alongside with you as you go, it 

feels like it changes with you, it sort of a buddy and 

then is also a teacher […].” 

In alignment with adolescents’ responses, we 

formulated the following design principles: 

 

To allow chronically ill users to achieve extended 

self-presence, avatars in DHI for self-management of 

chronic conditions should… 

DP8: …be customizable. 

DP9: …reflect user’s vision of future self. 

DP10: … exhibit alignment between avatar 

identity and virtual environment. 

DP11: …serve as a companion (friend/coach) to a 

user. 

5. Discussion 

Our study contributes to the knowledge base of 

avatar design. Existing studies on avatar design either 

do not focus on design principles at all [50] or focus on 

design principles that do not capture the concept of 

self-presence and the context of health [51]. Our study 

fills in the gap by demonstrating how avatars ought to 

be designed to achieve self-presence in light of the 

social context pertinent to user’s illness experiences. 

Specifically, we illustrate how various aspects of user’s 

social context could be captured through avatars to 

induce self-presence. User’s physical functioning, 

psychological functioning, and illness identity can be 

reflected in various avatar features (e.g., body features, 

motivational content provided by avatars, and others). 

These various aspects of social context align with 

multiple levels of self-presence (proto, core, extended) 

and can support personal connection between users and 

technologies.  

Our study has practical implications for the 

development of DHIs targeting adolescent obesity and 
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overweight as well as DHIs targeting other chronic 

conditions. First, software engineers can use our design 

principles to guide the development of personally 

relevant, engaging digital health avatars to be used by 

obese and overweight adolescents. Specifically, 

software developers can leverage various layers of self-

presence to design avatars reflective of users. At the 

body level, avatars can match user’s physical 

characteristics (e.g., weight and height) and physical 

abilities (e.g., body movements). At the emotion level, 

avatars can employ a range of emotions to display 

reactions to healthy vs. unhealthy user behaviors. 

Finally, at the identity level, avatars can serve as user’s 

friend or model user’s future self through various 

features. In addition, software engineers can use our 

design principles to evaluate preliminary prototypes of 

avatars in DHIs for obesity and overweight. Creating 

DHIs with personally relevant avatars can support user 

engagement with DHI, thereby leading to health 

behavior change and improved health outcomes.  

Second, software developers and HCI researchers 

can use our design principles as a reference when 

designing DHIs for other chronic conditions. Our design 

principles focus extensively on the social context of 

users, and, therefore, software engineers and researchers 

can develop similar principles targeting other health 

conditions in light of user’s social context.  

6. Conclusion 

In this study, a set of theory-driven design 

principles is derived through the lens of the biocultural 

theory of presence and the social context of chronically 

ill users (i.e., physical functioning, psychological 

functioning, and illness identity). The design principles 

capture three levels of self-presence, the major concept 

in the biocultural theory of presence: proto, core, and 

extended self-presence. At the proto level, avatar 

design should reflect reflected different components of 

users’ physical functioning (e.g., physical body, body 

movement). At the core level, avatar design should 

reflect different components of users’ psychological 

functioning (e.g., motivational content, emotional 

responses). Finally, at the extended level, avatar design 

should reflect users’ illness identity (e.g., appearance, 

character, environment).   

As user engagement with DHIs remains one of the 

major issues preventing full realization of the DHI 

benefits, there is a need to reconsider the design of DHIs 

and its components. Current DHIs fail to promote the 

personal relevance of technology and feel relatable to 

users [33]. thereby leading to problematic user 

engagement with technology. This study advances the 

design of DHIs for self-management of chronic 

conditions by providing a set of design principles for 

avatars that can contribute to the personal connection 

between users and technology through self-presence. 

Improvements in the DHI design have implications for 

user engagement with technology and lead to improved 

health outcomes of the chronically ill.   
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