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Mobile Health (mHealth) applications have demonstrated considerable potential in supporting chronic
disease self-management; however, they remain underutilized due to low engagement, limited accessibility,
and poor long-term adherence. These issues are particularly prominent among users with chronic disease,
whose needs and capabilities vary widely. To address this, Adaptive User Interfaces (AUIs) offer a dynamic
solution by tailoring interface features to users’ preferences, health status, and contexts. This paper presents a
two-stage study to develop and validate actionable AUI design guidelines for mHealth applications. In stage
one, an AUI prototype was evaluated through focus groups, interviews, and a standalone survey, revealing
key user challenges and preferences. These insights informed the creation of an initial set of guidelines. In
stage two, the guidelines were refined based on feedback from 20 end users and evaluated by 43 software
practitioners through two surveys. This process resulted in nine finalized guidelines. To assess real-world
relevance, a case study of four mHealth applications was conducted, with findings supported by user reviews
highlighting the utility of the guidelines in identifying critical adaptation issues. This study offers actionable,
evidence-based guidelines that help software practitioners design AUI in mHealth to better support individuals
managing chronic diseases.
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1 INTRODUCTION

Chronic diseases, including conditions such as asthma, heart disease, and diabetes, present formida-
ble challenges to healthcare systems around the world [199]. The management of these long-term
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health conditions transcends simple medical treatment, with an increasing emphasis on empower-
ing patients to actively engage in self-management practices [199]. The use of Mobile Health
(mHealth) applications has emerged as a promising avenue for promoting self-management by
strengthening medication adherence and facilitating self-tracking capabilities [72]. Despite their
potential, research shows that many people who benefit from mHealth technology do not fully
utilize them, particularly in developing countries where non-adherence levels are higher [12, 73].
To increase the adoption of mHealth applications, especially among chronic disease patients, it is
essential that these applications offer customization and flexibility [31, 73]. However, several chal-
lenges need to be addressed to achieve this objective. Due to their inherent heterogeneity, chronic
diseases affect individuals in various ways and can co-occur with other medical or psychological
disorders, further complicating their self-management [10, 10, 46, 79]. In addition, chronic diseases
generally persist for an individual’s lifetime [79, 199]. Therefore, mHealth applications are needed
to keep users engaged and motivated in the long run.

One critical area of research that addresses barriers to sustained technology use is accessibility.
Traditionally, accessibility research has concentrated on meeting the needs of individuals with
disabilities such as blindness, low vision, and physical impairment, dominating over half of the
studies conducted in the last decade [42, 113, 114, 212]. Chronic diseases, which affect a significant
portion of the population, remain underrepresented in accessibility research, highlighting the need
for solutions to address the diverse challenges facing those managing these conditions. Adaptive
User Interfaces (AUIS) offer a promising way to bridge this gap by dynamically tailoring the User
Interface (UI) to align with the unique needs, goals, and contexts of each individual [56, 137]. In
this work, we focus on adaptation, which broadly refers to interface modifications, encompassing
both system-driven changes (adaptivity) and user-controlled customizations (adaptability) [137].
Additionally, we acknowledge mixed-initiative adaptation, where both the user and the system
collaboratively share the responsibility of adapting the interface [88, 123]. Despite increasing interest
in employing AUIs within chronic disease-related applications [168, 181], they often overlook
diverse user characteristics and interactions [69, 117]. Most chronic disease-related applications
view design adaptations as a complex task, requiring expertise in psychology, physiology, human
behavior, and user experience analysis and interpretation with regard to the underlying behavior
and health status [69, 190]. Many software practitioners lack the expertise required to implement
theories and models, making it challenging to access the necessary skills for mHealth-related
projects [30]. Moreover, there is a lack of established resources and guidelines for AUI development
[? ]. Existing studies on the development of AUI within these applications reveal a substantial
deficiency in the literature concerning the foundational stages of AUI design [196]. This gap
consequently limits the understanding of how AUIs are perceived and utilized by individuals with
chronic diseases, potentially resulting in the underutilization of the benefits that adaptive systems
can offer [101]. Bridging this gap is therefore essential for optimizing AUI design and improving
user engagement in chronic disease management applications.

In this work, we present a two-stage approach aimed at designing and validating mHealth
adaptation guidelines for chronic disease management applications. In stage one, we created an
AUI prototype and collected input from chronic disease patients through focus groups, interviews,
and surveys, forming the initial design guidelines. In stage two, we refined these guidelines based
on end-user and software practitioner feedback and validated them with real-world mHealth
applications. We presented the initial findings of user study in stage one at the 2024 International
Conference on Software Engineering (ICSE) [197]. In this paper, we build on and significantly
extend our earlier work by advancing from stage one to stage two. Specifically, we: (i) enhance our
user survey findings in stage one by including all collected data and conducting further analysis
and interpretation; (ii) develop a set of new guidelines for designing AUIs for mHealth application
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targeting chronic diseases; (iii) refine these guidelines through an additional round of feedback
from end-users and software practitioners; and (iv) conduct a case study on existing mHealth
applications to further validate the guidelines. This work offers five key research contributions:

(1) Advancement of the discussion on this topic by presenting design trade-offs in AUI when
designing technology for users with chronic disease;

(2) Deeper understanding of how user preferences for different aspects of adaptations are influenced
by different demographic factors, including cultural backgrounds, contextual circumstances,
Health condition and age;

(3) Development of comprehensive actionable guidelines for researchers, practitioners, and design-
ers for designing AUI in the chronic disease domain;

(4) Multi-stage evaluation and refinement of actionable guidelines through feedback collection
from end-users and software practitioners;

(5) Validation of refined guidelines through a case study on real-world mHealth applications,
demonstrating their practical applicability and effectiveness in addressing adaptation challenges
in the chronic disease domain.

The rest of the paper is organized as follows. Section 2 provides a summary of our study’s
motivation and summarizes key related work. In Section 3, we present our research methodology.
The results of the qualitative and quantitative analysis of stage one are detailed in Sections 4 and
5, respectively. In stage two, Section 6.2 presents the evaluation results of the guidelines from an
end-user feedback survey. Section 6.3 discusses the feedback from software practitioners on the
refined guidelines. Furthermore, Section 6.5 evaluates the practical applicability of the guidelines
through a case study involving real-world mHealth applications. The finalized set of guidelines
is outlined in Section 6.4. Lastly, Section 7 discusses threats to validity of the study and Section 8
concludes the paper.

2 MOTIVATION AND RELATED WORK
2.1 Chronic Disease Self-Management

Chronic disease poses a considerable health issue on a worldwide scale, accounting for a significant
number of yearly deaths [199]. These diseases are responsible for the deaths of 41 million people
annually, representing 74% of all global deaths [200]. The prevalence of chronic diseases is steadily
increasing, driven by the reclassification of previously fatal diseases as chronic diseases and the
aging of the population [12]. Traditional treatment paradigms do not address the multifaceted
nature of chronic diseases [82, 199], as treatment cannot be based solely on biological parameters,
which require active engagement and self-management by patients [40]. Self-management involves
actively participating in self-care activities to improve behavior and well-being [40]. Research has
highlighted the efficacy of mHealth applications in supporting the self-management of chronic
diseases [72, 143]. However, despite the potential benefits of such interventions, evidence suggests
that those who stand to gain the most often exhibit lower levels of engagement and adoption
[73]. This disparity is especially concerning given that approximately 77% of chronic disease-
related fatalities occur in low- and middle-income countries, where access to consistent and effective
healthcare remains limited [200].

There are well-recognized challenges in designing mHealth technology for chronic disease
self-management, one of which is the high heterogeneity of chronic diseases. These diseases affect
patients differently in terms of triggers, symptoms, and severity [10, 40, 79], resulting in a wide
range of self-management needs across individuals. Secondly, the design of the Ul must account
for the evolving nature of chronic diseases over time [10, 46]. As many chronic diseases fluctuate,
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the corresponding adjustments to self-management strategies are required [112]. Furthermore,
chronic diseases are often co-morbid with other medical or psychological disorders, resulting in
a broader spectrum of user characteristics and functionality requirements [46, 91]. For example,
diabetes can cause various complications, such as vision loss, amputation, neuropathy, end-stage
renal disease, cardiovascular disease, infections, and cognitive impairment [192]. Thirdly, the vast
majority of chronic diseases are long-lasting and generally lifelong [79, 199], generally manageable
but not curable. Therefore, mHealth applications must sustain user engagement and motivation
over the long term. In addition to the diverse nature of chronic diseases, patients also have a wide
range of backgrounds, expertise, and demographic, psychological, and cognitive characteristics
[190]. While adapting interfaces can improve user acceptance and motivation [47, 73], existing AUI
solutions often have limited adaptation options, relying on predefined rules and overlooking unique
characteristics of users [69, 117]. Creating mHealth applications that offer access to knowledge
and information is essential to prevent physical and social disparities [73], especially in developing
countries where nonadherence to treatment remains a significant issue [12].

2.1.1  Chronic disease-related applications and accessibility study. While multidisciplinary efforts
have contributed to chronic disease-related applications, many technological solutions remain
anchored in medicalized perspectives, often viewing users solely as patients rather than individ-
uals with various priorities and lifestyles [22, 89]. A considerable amount of research exists on the
effect of these mHealth applications on treatment regimen adherence (e.g. [63, 72]), application
design features (e.g. [116, 172]), and the evaluation of mHealth applications (e.g. [205]). Some excep-
tions exist in exploring design strategies for individuals with chronic diseases (e.g. [50, 114, 146]).
These initiatives aim to explore the evolving nature of chronic diseases and how changes in users’
physical, cognitive, and emotional needs affect their interaction with technology. However, many
self-management tools continue to generalize the patient experience and overlook the complexity
of managing health in everyday contexts [138]. To address this gap, researchers have called for
greater customization and personalization in mHealth applications design, advocating systems
that can adapt to users’ unique health trajectories and life contexts [69, 117, 138, 161]. A critical
domain that aligns with these goals is accessibility research, which traditionally focuses on improv-
ing system usability for individuals with disabilities [6, 38, 153, 212], including those with visual
[6, 42, 124] and cognitive impairments [206], or those of low socioeconomic backgrounds [175].
Chronic diseases remain underrepresented in accessibility studies, despite the growing evidence of
substantial accessibility challenges in self-management applications [100, 113]. Researchers argue
that individuals with chronic diseases encounter nuanced challenges not fully captured by the
general disability frameworks [114]. In this context, AUI offers significant potential in mHealth
applications by enhancing both accessibility and usability. By tailoring interfaces to the diverse
capabilities and preferences of users, AUI ensures that these applications are not only functional
but also inclusive [196].

2.2 Adaptive User Interfaces

Due to the diversity of users and usage contexts, Ul developed for a fixed context of use may
not be sufficient. AUIs adapt dynamically to users’ contexts and preferences, showing promise in
addressing such issues. McTear [118] defines an AUl as “a software artefact that improves its ability
to interact with a user by constructing a user model based on partial experience with that user”. Recent
research highlights the importance of adaptive mHealth applications in facilitating chronic disease
self-management [69, 117, 138, 161]. For example, in the treatment of diabetic hypoglycemia, an
application developed by Pagiatakis et al. [141] adapts its navigation system during hypoglycemic
events. Under normal conditions, the application displays a standard homepage for everyday use
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(see Figure 1a). However, during a hypoglycemic episode, as shown in Figure 1b, the application
restricts access to non-essential sections and prominently features a quick access emergency contact
button to ensure user safety. Similarly, Jabeen et al. [92] designed PD-Helper, AUIs tailored to
support individuals with Parkinson’s disease (see Figure 1c). The application provides customization
control, allowing users to adjust font size, refresh pages, open new tabs, and return to the main
menu with a single tap, thus addressing the motor limitations commonly experienced by these
patients.

2.2.1 AUls and healthcare. Previous research has explored the application of AUIs in systems
adapted for healthcare professionals [51, 68, 193]. Eslami et al. [51] conducted interviews and
observations to investigate user preferences regarding data entry, language and vocabulary, and
information presentation, as well as providing help, warning, and feedback, with a primary focus
on healthcare professionals. Similarly, Vogt and Meier [193] examined AUI design issues that aim to
simplify input and reduce the potential for errors, particularly in contexts such as smart hospitals.
Greenwood et al. [68] introduced a novel approach using reactive agents for AUIs in diabetes
treatment decision support, customizing data display according to clinician preferences. Despite
the initial emphasis on healthcare professionals, there is an increasing recognition of the diverse
user base of mHealth applications. Consequently, there has been an increasing number of studies
describing various approaches, applications, and tools specifically tailored for patient-focused
AUIs. Existing studies on AUI frameworks often focus on particular adaptive components or specific
aspects of patient management [58, 169, 207]. Shakshuki et al. [169] proposed an AUI architecture
for patient monitoring with a focus on health-related information adaptation. Frohlich et al. [58]
explored the application of the LoCa (A Location and Context-aware eHealth Infrastructure)
project, primarily to monitor physiological data and the activity status of patients within a digital
home environment, facilitating context-aware adaptation of workflows. Yuan and Herbert [207]
designed a fuzzy-logic-based context model for personalized healthcare services in chronic diseases,
prioritizing the prediction of health problems and preventive measures based on user data rather
than Ul adaptation to individual user needs and context.

AUIs have been deployed across a spectrum of mHealth applications, ranging from stroke reha-
bilitation [23], diabetes [141], cardiac disease [126], dementia [11, 70], and Parkinson’s disease [92].
These applications exhibit different adaptations, ranging from the adjustment of the difficulty levels
of exercise activity [23] to the customization of health-related information [11, 70], navigation

(oL iz]

You might be at risk of a hypoglycemic
event
Glucose 4_2 m:“ \ page control area
(Slide, touch and click)
@ o (@ 0, o INeElNeEl 1
=l o | 95 = | S
button control area
Refresh
Reduce
w w | 1.5« | §
2 Blank page
" You can monn:’r‘ {:;r :nl;y:mloglcl! data Enlargement Close
(a) Normal page enabling regular (b) Page only presents relevant
application use [141]. physiological information[141]. (C) Adaptable web-browsing PD-helper[92].

Fig. 1. Examples of adaptive user interfaces.
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adaptations [11, 141], multimodal interfaces [141], information architecture [126] and graphic
design [70, 92, 126, 141]. Based on the findings of the previous Systematic Literature Review
(SLR) by Wang et al. [196], existing user models, which represent various user dimensions to
support adaptation, predominantly utilize physical and physiological characteristics to generate
AUIL Most existing studies acquire user data through methods such as user questionnaires or by
allowing users to manually adjust settings and preferences during application usage. Regarding the
adaptation mechanism, studies predominantly use rule-based adaptation and predictive algorithm-
based adaptation to adapt interfaces to user needs. However, most of these studies lack detailed
explanations of their AUI development process, especially with regard to the initial stages that in-
volve the collection of diverse end-user requirements. Furthermore, the typical evaluation approach
for AUIs focuses on overall application effectiveness without proper comparisons to non-adaptive
Uls, which complicates drawing specific conclusions about the impact of AUIs. Although research
in other domains suggests that AUIs can improve user performance and satisfaction compared
to non-adaptive baseline [61, 110, 147, 188], disruptive adaptations, which alter user accustomed
interaction patterns or break conventions, can result in frustration or dissatisfaction [54, 157].
Despite these insights, our understanding of how individuals with chronic diseases use AUIs and
how to design mHealth applications that integrate AUIs to maximize benefits while minimizing
costs for this population remains limited.

3 METHODOLOGY

We conducted the study in two distinct stages to systematically develop and validate guidelines
for AUI design in mHealth applications that target chronic disease management. In stage one,
we developed the AUI prototype tailored for chronic disease-related applications and conducted
qualitative research through interviews and focus group studies with individuals managing chronic
diseases. In parallel, a quantitative survey was administered to capture user preferences related
to different aspects of adaptation. In stage two, the analysis of both qualitative and quantitative
findings, combined with insights synthesized from existing literature, led to the development of an
initial set of guidelines for designing adaptive mHealth applications. The preliminary guidelines
are further evaluated and refined through survey feedback from both end-users and software
practitioners, resulting in the finalization of nine guidelines. The refined guidelines are then
validated by applying them to real-world mHealth applications. We also compared our guidelines
with existing mHealth usability guidelines and analyzed whether the issues identified through our
approach aligned with those mentioned in user reviews (see Figure 2).

3.1 Stage One: User Study Design

Building on the insights from an earlier SLR [196], our research enhances the adaptation categories
and integrates them into a prototype that includes three primary types of adaptations: presentation
adaptation, content adaptation, and behavior adaptation. Details of the prototype can be found in
Wang et al. [195]. The user study consists of two parallel investigations, as illustrated in Figure 2.
We conducted a qualitative investigation through focus groups and interviews to examine how
individuals experience AUI in the context of chronic diseases by using the AUI prototype. At the
same time, a quantitative survey was administered to collect user preferences regarding different
dimensions of adaptation.

3.1.1  Focus group and interview studies. Grounded in the SLR on contemporary developments in
AUI within the field of chronic diseases [196], we designed a focus group and interview protocol
consisting of two sections. The first section collected detailed demographic information about the
participants, including their chronic disease and their use pattern of mHealth applications through
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Fig. 2. Research methodology.

a Qualtrics survey !. The second section collected the participant’s views on the different adaptations
we present in the AUI prototype. The participants initially reviewed a brief adaptation video accom-
panied by audio explanations, providing detailed introductions to each type of adaptation. This
visual aid was followed by hands-on interaction with the prototype. Instructions were provided
in the accompanying slides, encouraging participants to actively engage with the prototype. In
the event of any difficulties, participants could refer to the instructions for assistance, ensuring
a seamless user experience. The researcher remained readily available to offer support, allowing
participants to focus solely on the example adaptations. As a token of appreciation, all participants
were offered an AU$30 virtual gift voucher. Employing a theoretical sampling approach to recruit
participants entails choosing new individuals based on particular criteria, which include the ad-
vancement of data collection and analysis, as well as the development of categories and concepts
[83]. Qualitative data collection and analysis followed an iterative process in three different data
collection iterations, with information on the recruiting iteration presented in Wang et al. [197].
To improve the reliability and validity of our findings through methodological triangulation [41],
we employed both semi-structured interviews and focus groups. Focus groups provided valuable
insight into collective attitudes and shared perceptions through dynamic group interactions [2],
while interviews allowed a detailed exploration of individual experiences, allowing for a more
nuanced understanding of personal perspectives [201]. By combining these methods, we captured
both the breadth of group consensus and the depth of individual viewpoints.

3.1.2  User survey. Participants in interviews and focus groups may provide socially desirable
responses, introducing bias [78], which is further compounded by the subjectivity of inductive
coding in qualitative analysis Hoda [83]. To mitigate these biases, between-method triangulation was
employed, involving the triangulation of data using a combination of quantitative and qualitative
techniques [41, 59, 140]. We conducted an anonymous online survey using Google Forms aimed at
individuals with chronic diseases to gather quantitative feedback on their preferences on various
aspects of adaptation. The survey design is informed by the SLR conducted in AUI in the context of
chronic diseases [196]. The survey data collection went through three phases: 1) email ads and social
media (58 responses), 2) physical posters distributed at Baker Institute Diabetes Clinic and Alfred
Hospital (13 responses), and 3) advertisements through Dementia Australia, Stroke Foundation and
Kidney Australia (19 responses). Participants who completed the survey were eligible for an AU$20
virtual gift card draw. The user survey questions are provided in the Appendix A.

https://www.qualtrics.com
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3.2 Stage Two: Guidelines Development and Evaluation

The guideline development process follows and adapts the framework proposed by Hermawati
and Lawson [81] and Quifiones et al. [152]. Data collected through surveys, interviews, and focus
group sessions in stage one, along with findings from existing literature on guidelines, design
considerations, and evaluation criteria, were synthesized to inform guideline creation. The process
also included iterative refinement and validation based on participant feedback, ensuring the
relevance and applicability of the guidelines.

3.2.1 End-user guideline evaluation survey. We carried out a preliminary evaluation of our guide-
lines with end-users, primarily concentrating on assessing their clarity and perceived usefulness.
Given the possibility of limited documentation on design considerations and guidelines, particularly
in domains involving new technology, it is imperative to maintain user involvement throughout the
process [81, 108, 208, 209]. Although the guidelines are originally created for developers, designers,
and researchers, it is crucial to ensure their significance for end-users [108, 209]. Therefore, we
strived to validate the efficacy and acceptance of these guidelines with the same cohort of users
involved in our interview and focus group study. We reached out to all participants via email,
inviting them to complete a guideline evaluation survey. Before administering the survey, the
participants were briefed on the findings of the user study and provided with an overview of the
generated guidelines. To ensure anonymity and simplify the process, participants used a unique
withdrawal code from their initial registration to link their responses to the feedback survey and
user study. Subsequently, participants were requested to evaluate each of the guidelines and offer
suggestions regarding additions, removals, or edits for each guideline.

3.2.2  Software practitioners guideline evaluation survey. An online survey was conducted among
software practitioners and other relevant stakeholders involved in mHealth application develop-
ment to evaluate the effectiveness of the proposed guidelines. In the survey, respondents were
provided with definitions of mHealth applications and AUI, along with access to the proposed
guidelines via publicly available links. Demographic information was gathered from respondents,
along with their evaluations of the proposed guidelines. Participants were specifically asked to
assess the applicability of the guidelines in real-world practice, and to provide insights into their
strengths, limitations, and potential areas for improvement. The survey questions for evaluating
the guidelines are adapted from Shamsujjoha et al. [170]. The survey questions for evaluating the
guidelines can be found in Appendix B. Following ethics approval, we conducted a pilot study
with representatives from the target population to evaluate the survey’s design, specifically the
clarity of the questions and response options. Overall, participants expressed satisfaction with
the survey and did not suggest changes to the questionnaire structure or answer formats. How-
ever, they recommended the inclusion of comprehension checks to ensure that the respondents
had adequately understood the guidelines, especially in cases where the guidelines may not be
thoroughly reviewed prior to answering related questions. In response, the survey was revised
to incorporate two comprehension check questions. Participants were allowed two attempts to
complete the survey and were excluded if they failed both checks. Moreover, participants who
do not meet the screening criteria, which focused on their expertise in developing health-related
applications, particularly those targeting chronic diseases, were also excluded. Traditional attention
check questions were not included, as the study emphasized qualitative responses and prioritized
meaningful engagement and understanding of the proposed guidelines. An initial set of 9 responses
was collected through personal networks. Due to the limited sample size, survey distribution
was subsequently expanded via Prolific?, resulting in 34 additional responses and a total of 43

Zhttps://www.prolific.com/
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participants. During recruitment on Prolific, a customized screening tool was employed to ensure
that participants were professionals working in the technology sector. To maintain the integrity
of the sample, individuals whose responses did not align with their prescreening information on
Prolific were excluded from the study.

3.2.3 Case study. Case studies are an effective tool for validating guidelines, complementing
expert reviews [67], and providing insights into their effectiveness by analyzing existing mHealth
applications. To ensure meaningful comparisons across the selected applications, all were selected
in the domain of diabetes management, providing a consistent context for evaluation. The selection
of applications was guided by three key criteria: 1) consistently high user ratings in both the i0S
App Store and Google Play, 2) a large number of downloads and installations across the iOS and
Android platforms, and 3) availability as free applications with optional in-app purchases on both
operating systems [153]. The case study aimed to assess whether widely used mHealth applications
incorporate adaptive features, evaluate the effectiveness of the proposed guidelines in identifying
critical design issues, and compare these findings with those derived from a control guideline. To
further validate the evaluation outcome, user reviews were analyzed to determine whether the
problems flagged by the evaluators were also reflected in the end-user feedback. The analysis was
limited to reviews in English. Prior to analysis, the review texts were pre-processed using the NLTK
library [136], including tokenization, stemming, spelling correction, case normalization, and noise
word removal [37]. Then a keyword search was performed using a refined list developed from
the proposed guidelines, the control guideline, and existing accessibility standards. This list was
iteratively updated to align with emerging themes related to adaptation, accessibility, and usability.

3.3 Data Analysis

3.3.1 Stage One: Qualitative data analysis. We used the data analysis procedures of Socio-Technical
Grounded Theory (STGT) [83] to analyze data from the focus group and the interview study.
This decision was primarily driven by the close alignment between the focus of our study and the
principles of the socio-technical research framework that STGT is built upon, as our investigation
revolves around AUIs in applications related to chronic diseases, a socio-technical phenomenon
that encompasses both human and social aspects, as well as technical aspects. STGT allows for
selective application by integrating its core data analysis procedures of open coding, constant
comparison, and memoing, while traditional grounded theory methods such as Glaserian [64] and
Strauss-Corbinian [177] are developed as standalone methodologies for theory development. We
obtained consent from the participants to transcribe the audio recordings, and subsequently stored
and analyzed the data using NVivo.

'4

) Basic Data Analysis 9 2 virtual focus grouj
0 3 virtual focus group 228 Open coding & constant comparison Iteration zgr P R_A2
Iteration 1 SNk - ) -
- . " . 6 participants/Young adults
9 participants/Elderly mainly, 2 young adults Basic Memoing
@ Different iteration of the study e 7 semi-structured interview o o
== Data collection for this iteration Iteration 3 QT@
£ Findings from earlier iteration informed the subsequent 7 participants/mixed age
iteration

Fig. 3. Process of applying STGT for data analysis in the focus group and interview study.

The data collection and analysis process followed an iterative and interleaved approach (Figure 3).
Saturation, which indicates the point at which no new categories or concepts properties emerged,
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was achieved in the third iteration of the user study. The qualitative data was analyzed by the
first author and was subsequently shared with the remaining authors to encourage collaborative
discussion at each stage of the process. In Section 4, we present the key concepts and categories
derived from the STGT analysis. An example of a process for applying STGT for data analysis is
provided below.

(1) Open Coding and Constant Comparison: We analyzed the audio transcripts and extracted
various codes from the raw data. We provide one example below.
Raw Quote 1: "If you want to set it, then you don’t want to change it. Likewise, you don’t want
to have to go through all those settings again. I think that would be complicated. ”
Code 1: mental workload for adaptation
Raw Quote 2: T am not going to log my daily blood sugar levels in the application because I am
too lazy to do it sometimes. Will the adaptation hide this important function because I don’t use it
a lot?”
Code 2: user preferences contradict the app’s intended usage

The two code examples given above suggest: Concept: The user may not be the right person to
handle the adaptation. Drawing insights from the memos generated during the coding process
and the codes and concepts identified, the given memo example in Figure 4 illustrates the
Category: Who should take charge of the adaptation process.

(2) Theoretical Sampling;: Initial data collection began with convenience sampling, primarily
involving older adults in focus group sessions. After we conceptualized concepts from the focus
group data, theoretical sampling was employed to further refine and elaborate on the emerging
themes. For example, most of the focus group participants in Iteration 1, primarily older adults,
express difficulty engaging in the adaptation process and prefer it to occur without their direct
involvement, as the multi-step nature of the process can be confusing to them. In contrast, a
participant of a much younger age has a contrasting view, showing interest in adapting the
features or functions. As a result, the concept the user may not be the right person to handle
the adaptation needs to be refined, prompting us to recruit more participants from a younger
age group in Iteration 2 (see Figure 3).

(3) Memoing played a crucial role in our approach, allowing us to explore emerging concepts
and potential relationships between them, as described by Hoda [83]. These memos served as
invaluable tools for capturing key insights and reflections gleaned from our open-coding efforts,
which are further detailed in Section 4.2.

3.3.2 Stage Two: Qualitative data analysis. Given the relatively small amount of unstructured data
collected in stage two survey studies, which contrasts with the richer data from stage one focus
group and interview studies, we do not anticipate discovering multi-layered findings due to the
limited nature of the data [84]. Consequently, thematic analysis is employed in stage two to delve
deeper into the qualitative aspects of the survey responses, allowing the discovery of common
themes that surpassed the survey responses [16, 17]. The qualitative data was analyzed by the
first author and was subsequently shared with the remaining authors to encourage collaborative
discussion.
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Memo: The user may not be the right person to handle the adaptation. The participants
noted that if the adaptation process involves entering a substantial amount of data, it imposes an
additional burden on their workload. In addition to this, some adaptations allow users to create their
own content on the UI, such as custom tags or notes, relying to some extent on their memory to
remember what each element represents. There may be situations in which the preferences of the
users contradict the intended use of the app. For example, the application may encourage better
physical activity, but the user may find themselves fully immersed in other features or functions
of the app. As a result, the user may not always be the ideal individual to deal with the adaptation
process.

Fig. 4. Memo example

3.3.3 Quantitative data analysis. Quantitative data were exclusively collected through the sur-
vey and subsequently analyzed using the R>. Descriptive statistics were used to summarize the
characteristics and preferences of survey respondents, offering insights into distribution patterns
and key trends within the dataset. In stage two, as the surveys targeting end-users and software
practitioners primarily comprised open-ended questions, the analysis predominantly relied on
descriptive statistics to summarize the responses. For the user survey in stage one, Chi-square tests
were used to determine whether there was a significant association between the preferences of users
with respect to various aspects of adaptations and their demographic characteristics, such as age,
gender, nationality, education, and chronic diseases. To ensure that the data distribution meets the
prerequisites for the Chi-square independence test, related variables were grouped into categorical
variables beforehand. Age was categorized into two groups: 18-45 and 45-74. The level of education
was classified into three groups: Less than Bachelor’s degree, Bachelor’s degree, and Postgraduate
(Master’s and Doctoral degrees). Chronic disease conditions were categorized as detailed in Section
5.1. If a significant association is found, binary logistic regression or multinomial logistic regression
will be subsequently employed to model the relationship between these variables. Understanding
how these demographic factors influence user preferences provides valuable information on how
to tailor AUIs to accommodate various user needs and preferences. The common significance level
of @ = 0.05 is chosen for statistical analysis.

4 STAGE ONE: FINDINGS OF INTERVIEW AND FOCUS GROUP STUDIES

This section presents key findings on the user’s perspectives toward the AUI prototype in the
context of mHealth applications. We identified four overarching challenges that participants faced
while interacting with the AUI prototype. As participants describe the challenges they encountered,
they also offer recommendations for improving the adaptation design. For more comprehensive
insights into each challenge and recommendation, refer to Wang et al. [197]. In addition, a further
detailed analysis explores why certain recommendations are more effective for some users than
others, identifying three contextual factors that influence how individual user characteristics shape
adaptation preferences and outcomes.

Drawing on STGT data analysis and the existing literature [1, 196], we grouped the identified
challenges into four distinct categories underpinned by key concepts. The four identified categories
are: What to adapt, which focuses on pinpointing specific Ul components that require adaptation
and recognizing the associated implementation challenges; Who should initiate adaptations, which
explores the assignment of responsibilities between users and systems in triggering adaptations;

Shttps://www.r-project.org
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How to adapt, which examines the strategies and mechanisms used to carry out adaptations effec-
tively; and When to adapt, which considers the appropriate timing and contextual conditions for
initiating adaptations. Participants participated in discussions about recommendations related to
controllability, user support, and alignment of adaptation design. The priorities of the participants
placed on various recommendations are diverse and were shaped by their desired degree of involve-
ment with the system, their familiarity with mHealth applications, as well as their personal health
conditions (contextual factors).

4.1 Contextual Factors of Recommendations

4.1.1 User involvement. The activeness level of users significantly influences recommendations
related to user participation, such as user support and controllability. In many human-computer
interaction models, users are typically categorized as "active process operators"” or "passive process
operators" [149]. This distinction is common in shared technologies such as health technologies
used by physicians, nurses, and patients [204]. Users can be active, having direct control, or passive,
interacting without control [90, 127]. Our research categorizes users as active or passive based
on their willingness to engage with the system, regardless of the shared technology [48, 66].
Active user involvement is exemplified by participants who proactively experiment with various
data sources to understand how they impact the system’s output, desire for active participation,
and a sense of control over the adaptation process. They are active in the adaptation process,
willing to explore and approve various adaptation suggestions [60]. On the contrary, passive user
involvement characterizes individuals who are more inclined to seek information about how
the adaptation works but do not actively provide feedback or corrections to the system. Passive
participants may stop exploring once they believe the current Ul meets their minimum requirements
[48, 145]. Participants with a passive involvement with the app, with some admitting that they have
not fully explored what the application can do, others expressing a lack of concern about the system’s
adaptation process, some indicating tolerance for most generated adaptations, and some preferring
minimal interaction with the app. Participants can actively experiment with the way that different
adaptation settings influence system output if the software provides switches and configurable
options within the UL For example, they can access a dashboard for the adaptation types and
configure the settings for different adaptations. In contrast, users with a negative perception of the
software show less enthusiasm for this level of participation. They tend to prefer less or even no
interaction when it comes to experimenting with adaptation settings. Passive user involvement
can also be influenced by other roles within the system, such as caregivers and family members.
The participants highlighted the importance of including family members or caregivers in the use
of the system, as caregivers often play an active role in medical care decisions [27, 203]. Allowing
others to handle the adaptation process can alleviate cognitive effort for older users [164], but could
potentially reduce their independent use of the technology [130].

4.1.2  User experience with mHealth applications. Prior technology experience significantly af-
fects users’ perceptions and interactions, influencing effort expectancy and their intention to use
technologies [142, 191]. Users are more likely to adopt mHealth applications if they are easy to
use, as this reduces the effort expectancy [178]. Familiarity with the system reduces the cognitive
load, prompting experienced users to explore adaptation options [4]. Inexperienced mHealth users
often find it difficult to understand adaptations. As experience improves memory access [53], these
inexperienced users generally expect systems to offer substantial assistance with minimal cognitive
effort [182]. Participants expressed concerns about adaptations affecting their technologically
inexperienced parents, who struggle with technology and may hesitate to explore adaptations due
to fear of making mistakes.
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4.1.3  Health conditions. Chronic diseases exert varying physical, psychological, and mental impacts
on participants [46, 79, 112, 199]. Our findings indicate that extensive adaptation control and support
might not be appropriate for individuals who struggle with decision making, particularly when
faced with numerous lifestyle and treatment options [163]. This is especially relevant for those with
serious health conditions or recent diagnoses of chronic diseases [150, 211]. Certain participants
who consider themselves experts in the management of their health conditions tend to become
their own primary caregivers and demonstrate a greater willingness to explore various adaptation
possibilities. Individuals experiencing more severe symptoms and facing greater challenges in
managing their health express a stronger preference for simplicity and greater system assistance.

4.2 Mapping of Challenges to Recommendations

Drawing from our data analysis and the memos recorded while following the STGT method, we
have found some insights spanning various categories. Figure 5 illustrates the correlation between
the challenges identified and the recommendations outlined.

4.2.1 Trade-off between user burden, user support and controllability. (D, ), (®) Users have con-
sistently highlighted the importance of having various options to control and support adaptations.
However, effectively managing the complexity of providing users with control and support remains
a challenge [20, 48, 147]. User control over adaptation offers significant benefits, empowering
users to customize their experiences to better meet their needs and preferences [97, 145]. It also
encourages a sense of ownership and agency, boosting engagement and motivation for effective
system use [179, 180]. Leaving excessive control can lead to distraction and inefficiency, particularly
among users who lack the necessary knowledge or interest to make informed decisions [94] (D).
Furthermore, as discussed in Kay [97], the user preferences for control can vary significantly. Varia-
tions in user preferences for controlling adaptations and interface elements [20] can be explained by
Hofstede’s cultural dimensions model [85], which suggests that users from individualistic cultures
often prefer personal control, while those from collectivist cultures can rely on pre-set options.
Too many control options can lead to distraction and fatigue (2). Furthermore, differences in user
perspectives on controllability may also be related to specific tasks the user performs, as highlighted

Recommendations

Controllability ® Who initiate

-==7--> Whattoadapt <- cr—> X <« Alignment
and Autonomy 1 ! adaptation P
1 1
1 1
I © . d4.d
! @ '
[t v==
| 1
1
| 1
--->  When to adapt i® '--> Howto adapt ®
1
I
1
1
1
User support for __! Chall identified
adaptatlon Recommendations identified
Contextual factors of recommendations
User involvement Health condition Wser e Emae vl
mHealth applications
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Fig. 5. An overview of challenges and recommendations for designing adaptation.

ACM Trans. Softw. Eng. Methodol., Vol. 1, No. 1, Article . Publication date: June 2025.



638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686

14 Wang, et al.

by Gajos and Chauncey [60]. This underscores the importance of considering these factors, as users
often engage in a mix of tasks when using mHealth applications, and some tasks are more frequent
or demanding than others [20]. In essential and frequent tasks, user controllability becomes less
important, and users may prefer the system to manage these tasks automatically [148]. Therefore,
delegating control to users requires considering various factors, including cultural influence and the
nature of the task. In addition to controllability, research has attempted to support the adaptation
process. For example, some studies have explored the use of animated transitions to demonstrate
the adaptation process to users [43], while others have investigated the effectiveness of providing
detailed explanations [102]. However, the provision of support materials may not necessarily reduce
cognitive demands, as additional support itself can impose an additional burden on users [103]. Users
may not always value support materials such as explanations, especially when they lack control
over the adaptation process, perceive the system as effective, or find the effort to understand the
information not worth the benefits [21]. Therefore, while improvements in controllability and
support are beneficial, it is crucial to carefully consider their implementation and ensure that they
meet user needs (3)).

4.2.2  Trade-off for usability issues. (9,(5),(®) AUIs are increasingly seen as a solution to cope
with the growing diversity of usage contexts, devices, and users [19, 86, 137]. They offer solutions
to various usability issues in mobile applications, including improving accuracy, efficiency, and
user learning, as well as addressing information overload and helping in the use of complex
systems [19, 86]. However, previous research on AUIs has also shown a trade-off between adaptive
mechanisms and usability [20, 44, 61, 62, 65, 87, 93, 122, 147, 189]. We found several usability
challenges associated with AUI including privacy concerns, predictability issues, comprehensibility
difficulties, and UI obtrusiveness in our user study. Interestingly, our study reveals that certain
recommendations proposed by participants to improve the adaptation design can alleviate or
exacerbate some existing usability challenges. For example, aligning visual elements and icons with
user preferences can reduce the obtrusiveness of the UI ((@). However, introducing lifelike character
icons, such as a doctor or ambulance, can unrealistically increase expectations of the system’s
competence in adapting to the user [93, 173]. Setting accurate user expectations is key for effective
design, as misaligned expectations can lower trust and reduce the likelihood of reusing the interface,
emphasizing the importance of avoiding both overestimation and underestimation of the system
competence [65, 87, 151]. Recommendations such as improving adaptation control or privacy can
require additional user interactions, feedback input, or system notifications, potentially disrupting
and distracting users [45, 93] ((5)). We have observed that while certain recommendations can
mitigate specific usability challenges, they can inadvertently exacerbate others [93]. Meanwhile,
the effectiveness of a recommendation depends on its appropriate application, as it can have varying
impacts on usability. For example, aligning with chronic disease and providing explanatory materials
can improve adaptation comprehensibility (4),(6)). However, excessive provision of support content
can become obtrusive, difficult to grasp, and alter user learnability [48, 147]. Similarly, step-by-
step adaptation at regular intervals could improve UI predictability and could also increase the
intrusiveness of the adaptation process ((5)). However, constantly adapting the Ul can be obtrusive
and disrupt user workflow [198].

Mitigating specific usability challenges in AUI design often involves trade-offs with other usability
goals. Our findings highlight two key considerations for dealing with conflicting demands.

1) User priorities. Users often have varying priorities regarding conflicting usability goals
[156]. For example, in our user study, we observed that some participants preferred interfaces
with consistent layouts and design elements across various screens, as it fosters familiarity and
ease of use. In contrast, others prioritize adaptations and enjoy exploring new interface designs
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and features, even if it means sacrificing some consistency. Similarly, users may have different
privacy priorities. Although some people prioritize privacy and are cautious about sharing personal
information, others are more inclined to offer data in return for a customized UL These examples
highlight the critical importance of offering alternative solutions that accommodate the diverse
usability priorities of users [20, 62]. This approach assumes that different users may be open to
trade-offs among different usability aspects. Harper et al. [76] found that users reported usability
problems with a system but were overall satisfied because the benefits of having control options
outweighed the inconveniences encountered.

2) Granularity. Usability objectives such as predictability, comprehensibility, and controllability
can be achieved at different levels of granularity [20, 93]. Our observations revealed that making
minor adjustments during the adaptation process could not significantly impact the overall user
experience. Furthermore, low-level granularity adaptations have a minimal effect on comprehensi-
bility, as they only affect small parts of the UI [1]. The adaptation of high-level granularity involves
modifying multiple aspects of the Ul simultaneously [34, 210], such as altering the overall color
scheme, font styles, navigation menus, and placement of key features at the same time. It may
introduce more usability challenges, as it could be perceived as a completely new application
from the user’s perspective. High-level granularity adaptations are infrequent and may happen
just once to customize the application for the user, helping to address some usability issues. This
approach is particularly advantageous when users first engage with the system, as they do not
have preconceived expectations of its appearance or functionality [20]. However, it may pose
challenges for users who are less familiar with such applications and lack insight into which design
and functionality would best suit their needs [61]. Some usability issues introduced by AUI can be
mitigated without necessarily improving the user’s mental model of the adaptive system [147, 159].
Systems that help users overcome these problems foster trust and understanding, encouraging the
continued use of mHealth applications [115]. As users recognize the system’s adaptive benefits,
they appreciate its role in enhancing their experience and well-being.

4.2.3 Trade-off between independence and assistance. (3), (7)) User support typically focuses on
facilitating the execution of application functions, but this type of support may hinder the user
learning process and diminish their overall experience with the system [106]. Learning is the
process of acquiring skills, knowledge, and competencies in a specific domain, allowing greater
independence. However, this comes with costs such as time and effort, and can be prone to errors
and time-consuming ((3)). Mitigating the cognitive effort to adapt the system can be achieved by
having caregivers or health professionals manage the process ((7)). Users should decide whether
to invest time in learning or delegate tasks to the system or caregivers. Providing options for
independent and assisted application use can be advantageous. Support features should align with
user goals and context, accommodating their preferences and comfort with challenges [57].

The inevitability of trade-offs complicates decision making in Ul adaptation, as users frequently
differ in their prioritization of conflicting goals, level of competence, objectives for using the app,
and the specific usage scenario. It is imperative to provide alternative solutions that cater to users
with varying priorities [14].

5 STAGE ONE: FINDINGS OF THE USER SURVEY
5.1 User Survey Participants

Concurrently with focus group and interview studies, we surveyed 90 participants with chronic
diseases, all of whom have experience using mHealth applications. Their detailed demographic
information is summarized in Table 1. Most of the participants identified as men (56%), between the
ages of 18 and 74. In particular, the 25-34 age group constituted the largest group, comprising about
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33% of all participants. There was representation from older age groups, with 16% of participants
over 55 years of age and 21% between 35 and 44 years of age. Geographically, our survey captured
responses from a diverse set of countries, with approximately half of the responses coming from
Australia. China and the USA are also significant contributors, accounting for 23% and 13% of
the responses, respectively. In terms of educational background, a bachelor’s degree is the most
common attainment (44%), followed by 34% with education levels below a bachelor’s degree and
21% with higher degrees, such as master’s or doctorate degrees.

The chronic health conditions reported by the participants were systematically categorized into
four groups: cardiometabolic (e.g., diabetes, high blood pressure, obesity, and heart disease), respi-
ratory (e.g., allergies, asthma, and chronic lung disease), immune-related (e.g., cancer, Parkinson’s
disease, and compromised immune system), and mental health conditions [24]. Cardiometabolic
diseases were the most prevalent, reported by 52% of the participants. It should be noted that some
participants reported multiple chronic diseases, such as having diabetes and high blood pressure,
or a combination of cardiometabolic disease and another type of disease, such as asthma (a respira-
tory disease). Indicates a phenomenon known as multimorbidity [91], where individuals may
experience two or more chronic diseases simultaneously, a finding that is also consistent with other
studies [8]. Participants were asked to indicate their familiarity with the mHealth applications.
As shown in Table 1, respondents reported using various types of mHealth applications, with
health-promoting and self-monitoring applications being the most prevalent, utilized by 84% of
participants. These applications typically target functions related to fitness, medication, and diet,
which is consistent with findings from previous research [98]. This prevalence can be attributed to
the ongoing need for individuals with chronic diseases to monitor their health status and follow
prescribed treatment regimens [72]. The primary motivations cited for using mHealth applications
include symptom monitoring (58%), promoting physical activity (54%), and management of dietary
intake (47%). Participants were also asked about the frequency of using the mHealth app. In our
survey study, 54% of the participants reported using health applications daily, while 33% reported
weekly usage. Most users spend between 1 to 20 minutes per session, aligning with findings from
previous research [99, 158]. Users who access the application two or more times per day typically

Table 1. Survey participants demographics information (n=90)

Demographics # % of Participants Demographics # % of Participants

Age' Country of Residence

18-24 17 wem 19% Australia 44— 197

25-34 30— 337 China 21 w237

35-44 19 memm 217% USA 12 = 13%

45-54 10 mm11% UK 6 mM7%

55-64 11 wm12% Other (Nigeria, Canada, Korea, Spain, Sri Lanka) 7 m8%

65-74 3 13% Main reason to use the app’

Gender’ To monitor my chronic disease symptoms 52— 537

Female 33— 42% Increase my physicial activity levels 49 m— 547

Male 50 ne— 567 To track what I eat 42— 477

Prefer not to say 2 13% To get education about my chronic disease 34 m— 33%

Education® Help with weight loss 28 w327

Less than Bachelor’s degree 31— 34 Manage my medications 26 mm—29%

Bachelor’s degree 40 e— 447 Type of mHealth Application Used®

Postgraduate 19 w217 Health promoting and self-monitoring 76—

Chronic Disease Categories® Informative application 41— 46%

Cardiometabolic 47 — 527, Assistive application 29— 32%

Immune-related 31 ee—347% Communication application 24 w277

Mental health conditions 7 m8% Health game 16 wmm 18%

Respiratory 11 =m12% Rehabilitation application 16 wmm 18%
Exercise application 7 W8%

* 1,2,3: The percentage does not strictly add up to 100% due to rounding. 4: The percentage does not strictly add up to 100% due to multimorbidity. 5:
The percentage does not strictly add up to 100% due to the use of multiple applications/purpose.
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allocate a shorter duration per session. In contrast, people who use it less frequently (less than
once a month or less than once a week) tend to engage in longer sessions. The former group may
use the application for quick, frequent interactions or brief check-ins throughout the day, while
the latter may delve into more comprehensive interactions during less frequent usage, possibly for
specific tasks or content consumption.

5.2 Different Types of Adaptations

In the earlier SLR on AUIs for chronic disease-related applications [196] compiled a comprehensive
taxonomy of adaptation implemented by researchers to support users in managing chronic diseases.
Our aim with this survey is to discern the users’ perspectives regarding the significance and value
attributed to these adaptations. Our survey revealed a diversity of preferences among the respon-
dents, with no singular adaptation type dominating over others. Content complexity (59%) and
graphic design (58%) emerged as the most prevalent, closely followed by the rearrangement of the
interface elements (47%) and multimodal interaction (46%). In contrast, the sound effects exhibited
the lowest frequency among the listed adaptations (28%) (see Table 2). This finding is not consistent
with the dominant trends in existing AUI studies in the domain of chronic diseases [196], where
the SLR emphasized graphic design (presentation adaptation), as the predominant adaptation type;
however, the survey findings highlighted the significant emphasis of users on content adaptation
and some types of behavior adaptation. It highlights the significance of synchronizing researchers’
initiatives with user needs and priorities to guarantee the efficient design and application of AUIs
in chronic disease management tools.

5.2.1 Relationship between users’ preferences for adaptations and their demographic character-
istics. Conducting a Chi-square independence test, we found significant associations between
age, nationality, chronic diseases, and preferences for adaptations such as content complexity,
add-on functions, persuasive strategy, and multimodal interaction. Subsequently, a binary logistic
regression analysis was employed to examine the relationships between various adaptations and

Table 2. Survey participants’ perspective towards different aspects of adaptations.

Aspects of adaptations # % of Participants Aspects of adaptations # % of Participants
Different types of adaptation* Data source of adaptation™
P: Graphic design 52 — 537 UC: Physiological characteristics 53— 597
P: Information architecture 30 mm—33% UC: Physical characteristics 52 — 53
P: Sound effect 25 mmm28% UC: Preference 48  n— 537
C: Content complexity 53 — 597 UC: Psychological characteristics 47  m——52%
C: Interface elements rearrangement 42 e— 47% UC: Demographics 37  o—41%
B: Multimodal interaction 41 — 46% UC: Social activity 29 mmmm32%
B: Difficulty level 39 437 IR: Feedback 41  — 46%
B: Add on functions 36 m—40% IR: Interaction with the interface 34 mm—m38%
B: Navigation adaptation 31 w347 IR: Emotions 34 e 38%
B: Different persuasive strategy 31 w347 IR: Performance in game 29 e 32%
TS: Goals 40  w— 447
P: Presentation adaptation, C: Content presentation, B: Behaviour adaptation ~ TS: Motivation 35 mm—39%
UC: User characteristics, IR: Interaction related, TS: Task specific TS: Role 24 wmmm27%
Different data collection method* Preferred level of involvement in the adaptation
Smartphone sensor 61 n— G837 Semi-automatic 49  m— 547
Wearable sensor 58 n— 647, Automatic 34 387
User input through the application 49  ee— 547, Manual 7 m8%

Analysis of user behaviour through the application 41 m—m467%
Analysis of activities with keyboard 27  w—30%

*: Because respondents could select multiple options, the percentages do not sum precisely to 100%.
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significant demographic factors identified in the Chi-square test (see Table 3). It is important to
note that statistical models such as binary logistic regression are built on certain assumptions
about the data, including independent observations and non-perfect multicollinearity [77], which
are met in our dataset. Compared to participants from Australia, individuals from China are less
likely to prefer adaptations related to content complexity (OR = 0.125) and add-on functions (OR
= 0.215). Individuals from China may have different expectations or preferences regarding the
complexity of content or additional functions in mHealth applications, leading to a lower likelihood
of preferring content complexity adaptations compared to participants from Australia. Participants
with cardiometabolic diseases showed a significantly higher inclination toward adaptations such as
different persuasive strategies, additional functions, and content complexity compared to those
with respiratory diseases. Similarly, participants with mental health conditions also demonstrated a
notable preference for content complexity. These preferences may arise from the self-management
nature of cardiometabolic and mental health conditions, which often necessitate individuals to
actively monitor their health and follow treatment plans [32, 35, 186]. Furthermore, participants
over 45 years of age exhibited a higher tendency to seek multimodal interaction (OR = 5.824) and
additional function (OR = 3.764) adaptations compared to their younger counterparts. This trend
among older users may be due to a preference to minimize interaction efforts and an increased
need for additional assistance with application navigation [13, 115, 187]. As individuals age, they
may face challenges related to vision, dexterity, or cognitive abilities, which makes features such as
multimodal interaction and additional functions particularly appealing to facilitate their interaction
with mHealth applications.

5.3 Data Sources for Adaptation

Our SLR identified various sources of data used as a basis for adaptation [196]. Based on these
findings, the present survey aimed to investigate end-user preferences on the types of data they con-
sider most appropriate to inform adaptation in mHealth applications. We found that the participants
exhibited various preferences about the source of the adaptation data and almost half expressed
the desire for the application to adapt according to physiological, physical, and psychological
characteristics, user preferences, and user goals (see Table 2). The user characteristics data were
the most popular compared to the interaction-related data and the task-specific data. This finding
is consistent with existing research trends [196].

Table 3. Binary logistic regression results of the adaptation types and demographic aspects
(0dds > 10dds <1 P>0.05)

Variables Categories cc* AD” DP* MI*

Age group 45-74 3.212/(0.065) 3.764/(0.02) 0.637/(0.43) 5.824/(0.002)
UK 0.066/(0.16) 0.825/(0.843) 0.889/(0.908) 0.133/(0.095)

Nationality US{% 0.276/(0.107) 0.299/(0.178) 1.504/(0.567) 0.346/(0.193)
China 0.125/(0.003) 0.215/(0.025) 1.179/(0.796) 1.081/(0.896)
Other 0.783/(0.803) 0.341/(0.264) 1.2/(0.845) 0.533/(0.492)
Mental health 4.173/(0.033) 0.358/(0.093) 2.126/(0.181) 0.661/(0.475)

Chronic diseases Cardiometabolic 12.215/(0.013) 8.093/(0.029) 11.264/(0.006) 1.782/(0.471)
Immune-related 0.536/(0.554) 3.823/(0.168) 2.293/(0.339) 1.463/(0.664)

This table shows how demographic factors affect preferences for mHealth adaptations using binary logistic regression.

e Each cell shows the odds ratio (OR) for preference likelihood and the p-value for statistical significance.
e AnOR > 1 indicates higher preference, OR < 1 indicates lower preference, and p < 0.05 means statistical significance.

* CC=Content complexity, AD=Add on functions, DP=Different persuasive strategy, MI=Multimodal interaction
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5.3.1 Relationship between users’ preferences for data sources for adaptations and their demographic
characteristics. We used a Chi-square independence test to explore how demographic variables
influence users’ preferences for data sources for adaptation. The findings revealed significant
associations between nationality, chronic diseases, education level, and various types of data
(see Table 4). Subsequently, we performed a binary logistic regression analysis to examine the
relationships between different data sources and the significant results obtained from the Chi-square
test. Participants from different countries exhibit varying preferences for data adaptation based on
physiological, physical, preference, feedback, goals, and motivation factors. Given the relatively
small number of participants from the UK and USA in our survey, it is essential to acknowledge the
potential impact on the statistical power of our analysis. With a reduced sample size, there is a risk
of diminishing the ability to detect genuine effects or associations accurately. Consequently, the
observed relationships between nationality and data adaptation preferences may be less reliable,
introducing uncertainty into our findings [132]. Individuals with higher levels of education exhibit
a stronger inclination toward the adaptation of their motivation to use the application (Bachelor:
OR= 7.835, Postgraduate: OR= 6.798). Individuals with higher levels of education often have a
greater awareness of the benefits of using technology for health management and may also have a
greater understanding of the importance of motivation in achieving health-related goals. Therefore,
people with higher educational levels can show a greater tendency to adapt their motivation to use
the application due to their improved understanding of the role of motivation in achieving health
outcomes [202]. Individuals with cardiometabolic diseases are more inclined to desire adaptations
that align with their goals (OR=13.948). This preference could be attributed to the treatment of
cardiometabolic diseases, which often involves monitoring the levels of diet and physical activity
and striving to achieve specific goals [32, 35, 186].

Our survey reveals that the predominant methods of data collection include smartphone sensors
(68%) and wearable sensors (64%) (see Table 2). The existing literature shows a pronounced focus
on wearable sensors over smartphone sensors in mHealth applications targeting chronic diseases
[196]. With the widespread adoption of smartphones, an increasing number of users prefer to use
their smartphones for data collection rather than rely on other devices. In particular, no significant
correlations were found between the data collection method and demographic variables.

Table 4. Binary logistic regression results of the data types and demographic aspects (0dds > 10dds <1 P>0.05)

Variable  Category Physiological Physical char- Preference Feedback Goals Motivation
characteristics acteristics
UK 0.093/(0.053) 0.042/(0.019) 0.047/(0.018)  1.618/(0.633)  0.222/(0.899)  0.727/(0.767)
Nationality USA 0.121/(0.009) 0.032/(0.002) 0.138/(0.018)  0.205/(0.07)  0.11/(0.015)  0.168/(0.052)
China 0.303/(0.066) 0.485/(0.283) 0.127/(0.003)  0.216/(0.016)  0.129/(0.005)  0.048/(<.001)
other 0.224/(0.092) 0.736/(0.747) 0.624/(0.647)  0.565/(0.512)  0.238/(0.122)  0.101/(0.057)
Chronic  Mental health 1.055/(0.929) 0.833/(0.783) 0.202/0.013)  0.471/(0.193)  1.682/(0.412)  0.844/(0.801)
diseases  Cardiometabolic  136.518/(0.999) 6.172/(0.179) 0.885/(0.895)  4.012/(0.138)  13.948/(0.034) 3.352/(0.208)
Immune-related  0.354/(0.269) 0.057/(0.017) 1.244/(0.835)  0.477/(0.456)  2.954/(0.287)  0.167/(0.17)
Education Bachelor’s degree  1.023/(0.97) 1.09/(0.896) 0.952/(0.937)  1.428/(0.544) 1.1/(0.881)  7.835/(0.006)
level Postgraduate 2.116/(0.355) 1.568/(0.602) 1.71/(0.513) 1.511/(0.569)  1.634/(0.52) 6.798/(0.035)

This table shows how demographic factors affect preferences for using of different data source using binary logistic regression.
e Each cell shows the odds ratio (OR) for preference likelihood and the p-value for statistical significance.
e AnOR > 1 indicates higher preference, OR < 1 indicates lower preference, and p < 0.05 means statistical significance.

* Odds Ratios/(P-value)
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5.4 Preferred Level of Involvement in the Adaptation

The SLR found varied ways of the involvement of the user in the adaptation process. In the survey,
we discovered that participants generally preferred a mixed-initiative adaptation approach (54%),
which involves collaboration between the system and the end-users to achieve adaptation [1, 129].
In contrast, only a small minority of the participants (8%) expressed a preference for a fully manual
system, where users have complete control over the modification of specific UI elements to suit their
needs [3]. The limited preference for fully manual systems suggests that users may find manual
adaptation processes cumbersome or time consuming, a sentiment that participants in the user
study articulated and which was further corroborated by their feedback in the post-session survey.
Fully manual systems may also require users to have a higher level of technical proficiency, which
could be a barrier for some individuals, particularly those with limited technological literacy or
cognitive abilities [3]. The SLR also indicated a lower preference for manual systems, which aligns
with our survey findings. Although significant research efforts have been dedicated to automatic
systems, there has been a recent surge in interest in mixed-initiative adaptation [196]. No significant
correlations are found between the level of involvement and demographic factors.

5.5 Key Findings From the User Survey

From our analysis, we have identified four key findings (KFs) that help unravel the intricacies
of user preferences, and these survey results complement and provide context for the qualitative
findings obtained from the interview and focus group studies (Figure 6).

KF1 The multimorbidity nature of chronic diseases. The prevalence of multimorbidity among
participants highlights the common experience of managing multiple chronic diseases si-
multaneously, a phenomenon consistently reported and highlighted in other research [8, 91].
However, despite the widespread occurrence of multimorbidity, much of the existing explo-
ration in the realm of mHealth applications for chronic disease management has primarily
focused on addressing a single chronic disease (e.g., hypertension [71] and asthma [184]). Simi-
larly, in the context of AUIs, research has focused mainly on investigating their efficacy in
managing single chronic diseases such as stroke [23] and diabetes [141]. Closing this gap is
essential to ensure that interventions and AUIs effectively support individuals in navigating
the complexities associated with multimorbidity. This phenomenon links to what could be
adapted in the Ul and users’ preference for controllability. Users may feel overwhelmed by
managing multiple diseases, leading to a lack of motivation and interest in actively intervening
or taking responsibility themselves (see Figure 6).

KF2 Variations in purpose and usage pattern. The extensive use of mHealth applications for
various purposes, ranging from symptom monitoring to dietary management, highlights their
vital role in supporting the self-management of individuals with chronic diseases. However,
even within the same functionality, users may exhibit fluctuating usage patterns, with no
fixed frequency or duration. Research indicates that individuals engage with physical activity
tracking applications in intermittent intervals, characterized by periods of consistent use
followed by breaks and subsequent reengagement [111, 121]. These task-related characteristics
have implications for the design of AUIs and their performance, especially concerning users’
preferences for controllability over adaptations and the timing and frequency of adaptation
[107, 148] (see Figure 6). For example, tasks that require minimal effort and are performed
daily, such as recording mood, stress levels, or blood pressure, may not require manual
control by the users, who might prefer the system to handle these tasks automatically without
requiring explicit confirmation and not desire frequent changes to occur each time they log in.
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Fig. 6. Mapping between survey key findings and user study categories.

Cultural and contextual differences. The analysis identified significant correlations be-
tween demographic factors such as age, nationality, and chronic diseases, and preferences for
specific types of adaptation. For example, Chinese individuals exhibited a lower inclination to-
ward content complexity adaptations compared to Australian participants, suggesting cultural
and contextual differences in adaptation preferences. This observation could be explained by
Hofstede’s cultural dimensions model [85], which is widely used to examine human-computer
interaction and cross-cultural challenges in UI design. Specifically, Hofstede’s Uncertainty
Avoidance dimension, which is defined as the degree to which individuals in a culture per-
ceive ambiguity as a threat and seek to reduce it, offers an explanation. In societies with
high uncertainty avoidance, individuals tend to favor predefined UI over experimenting with
new adaptations, whereas a society with lower uncertainty avoidance may exhibit greater
openness to try new adaptations [7]. Moreover, individuals with higher levels of education
demonstrated a stronger tendency to adapt their motivation to use the application, likely
due to their deeper understanding of motivation’s role in health outcomes. Previous research
highlights the importance of culturally specific design preferences in influencing system use-
fulness in different cultural contexts [52]. For example, political orientation and social structure
may affect users’ perception of the hierarchy and complexity of information presentation
[165]. Individuals with different levels of education may require varying levels of support
and cues from the systems [154] (see Figure 6). Cultural and contextual factors greatly affect
whether an adaptation aligns with user expectations, possibly leading to a cultural mismatch.

Preference aligns with goal. Participants with cardiometabolic diseases showed a greater
inclination toward adaptations that align with their usage goals. This preference likely
arises from the urgent need for self-management inherent in cardiometabolic diseases. The
availability of various applications for the management of chronic diseases or multimorbidities
in the App Store underscores the importance of adapting to user primary usage goals and
adding value to their overall application experience [18]. This resonates with the overarching
category observed in the user study section (see Figure 6), emphasizing the essential value
brought by adaptation and its alignment with users’ primary usage goals [187]. Selecting
the perfect solution from such diverse options is challenging, as it depends on individual
user experiences and the type of application and its adaptations, as suggested by the study
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conducted by Jameson and Schwarzkopf [94], while ongoing research continues to try to offer
recommendations and guidance to users, helping them select the most appropriate options
based on the data available within the system [154].

Summary 1: Summary of Stage One

Stage one employs a mixed-method approach to collect user feedback through interviews,
focus groups, and a survey study. We identified four key challenges in how users perceive
the adaptation process, with participants highlighting the importance of user control, sup-
port, and alignment. These recommendations, shaped by user involvement, experience with
mHealth applications, and health conditions, involve trade-offs between user burden, sup-
port, controllability, usability, and balancing independence with assistance. Our user survey
revealed diverse adaptation preferences influenced by different demographic factors. The
survey data analysis yielded four key findings, covering the prevalence of multimorbidity
in chronic disease, varied usage patterns among users, cultural and contextual differences,
and the need for alignment with user goals and preferences. These four key findings offer
contextual information or complement the qualitative findings derived from interview and
focus group investigations.

6 STAGE TWO: GUIDELINES FOR DESIGNING AUIS IN MHEALTH APPLICATIONS
TARGETING CHRONIC DISEASES

Our guideline development approach draws on and integrates the methodologies proposed by
Hermawati and Lawson [81] and Quifiones et al. [152]. While Quifiones et al. [152] outlines struc-
tured stages for guideline specification and validation, their framework offers limited emphasis on
implementation procedures and user involvement. In contrast, Hermawati and Lawson [81] adopts
a user-centric approach specifically tailored to develop domain-specific heuristics. By combining
the strengths of both methodologies, we designed a hybrid process that incorporates iterative
validation, domain relevance, and active end-user participation throughout the development of
AUI guidelines.

(1) Exploratory phase: Our review of the literature offered critical insights that informed
the development of AUI design guidelines for mHealth applications. These guidelines are
grounded in existing frameworks and design considerations identified in prior research. A
detailed analysis supporting this development is presented in Section 6.1.

(2) Experimental phase: User studies using interviews, focus groups, and a survey explored
user experience, preference, and challenges with AUI in mHealth applications. The analysis of
both qualitative and quantitative data from this study provided valuable insights that informed
the development of the design guidelines.

(3) Descriptive phase: To formalize the primary guidelines, key categories and concepts were
derived from the qualitative and quantitative data gathered during the experimental phase.
The user needs were systematically grouped and aligned with the guidelines and design
recommendations established during the exploratory phase, following the approach proposed
by Hermawati and Lawson [81]. For insights that did not correspond to existing recommenda-
tions, new guidelines were abstracted, accompanied by precise definitions of the application
domain and illustrative examples to improve clarity, relevance, and practical applicability.

(4) Validation phase: Given the critical importance of this phase, which is deeply embedded
within the specific application domain, particular emphasis was placed on collecting feedback
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from end-users to ensure the relevance of the guidelines [81]. Building on this foundation, input
was also obtained from software practitioners responsible for implementing these guidelines,
allowing for further refinement based on their practical experience. Finally, to assess the
applicability and effectiveness of the developed guidelines, a case study was conducted in
which real-world mHealth applications were evaluated using the proposed guideline set.

6.1 Literature Review over Existing Guidelines or Design Recommendations

A review of general design guidelines for mHealth applications was conducted to establish a founda-
tional understanding of best practices. In 2019, the Xcertia guidelines were introduced to specifically
address usability concerns in the mHealth application domain [15]. The guidelines consist of ten
distinct sections that address key usability issues for mHealth applications, as summarized below:
1) Visual design, 2) Readability, 3) App navigation, 4) Onboarding, 5) App feedback, 6) Notifications,
7) Alerts and alarms, 8) Historical data, 9) Ongoing application evaluation, 10) Help resources and
troubleshooting. Additionally, Conor et al. [33] developed nine rubrics to help users evaluate the
relevance, quality, functionality, and security of medical applications. Complementing these efforts,
Stoyanov et al. [176] proposed the Mobile App Rating Scale, a framework for evaluating mHealth ap-
plications. The scale includes four objective quality dimensions: engagement, functionality, aesthetics,
and information quality, as well as a subjective quality dimension. The World Wide Web Consortium
(W3C) has established widely recognized accessibility standards, which provide comprehensive
guidelines for digital and mobile accessibility [194]. WCAG 2.0, released in 2008, introduced foun-
dational accessibility guidelines focused primarily on web accessibility. WCAG 2.1, introduced in
2018, added 17 new criteria to address accessibility challenges in mobile applications, low vision
support, and cognitive disabilities. WCAG 2.2 (2023) introduced additional criteria targeting further
inclusivity. Despite increasing research on accessibility within the realm of mobile applications
[6, 160], and some initiatives that address mHealth applications [38, 124], significant accessibility
challenges persist in these applications [6, 160]. In particular, there is still a lack of comprehensive
guidelines to improve the accessibility of mHealth applications. Current initiatives emphasize three
critical dimensions in improving accessibility for mHealth applications: 1) Accessible content
presentation ensures that content and information are effectively delivered to all users, regardless
of their abilities [153, 175, 212]. 2) Inclusive interaction focuses on enabling users to seamlessly
interact with the application, regardless of physical or cognitive limitations [153, 212]. 3) Reliable
and assistive functionality ensures that users can depend on the application to provide accurate
and error-free information through assistive technologies [153, 212].

Chronic diseases remain significantly underrepresented in accessibility research [113, 114]. There
is a lack of standardized guidelines for tailoring applications related to various chronic diseases
for different usage contexts. However, three recurring themes have emerged as critical for the
design of AUI in this domain: 1) Transparency emerged as a dominant theme in multiple studies.
The researchers consistently underscored the need for transparency in various aspects of AUI,
including data management, utilization, and specific decision-making processes [104, 115, 122].
This emphasis on transparency aimed to empower users by providing them with comprehensible
explanations regarding the adaptations made by the system. 2) Autonomy is another salient topic
that has attracted considerable attention. Numerous studies have highlighted the importance of
providing users with a sense of autonomy within AUI, particularly in terms of customizing system
content, interaction modalities, and data management procedures [115, 162, 211]. This autonomy-
centric approach aimed to empower users and cater to their individual preferences and needs. 3)
Learnability emerged as a crucial consideration to ensure the accessibility and usability of AUL
Several studies focused on facilitating a smooth and intuitive learning curve for users, especially
those with limited technical proficiency. Strategies to improve learnability included the provision
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of user-friendly interfaces, intuitive navigation systems, and customized information presentations
adapted to existing user knowledge and familiarity with relevant concepts [51, 115].

6.2 Evaluation of Guidelines with End-users

A total of 20 participants completed the guideline evaluation survey. Based on their feedback, the
original set of guidelines (Version One) was refined to produce a more comprehensive and actionable
set (Version Two). As illustrated in Figure 7, two guidelines (G3y; and G5,) were expanded into
more specific subguidelines to improve clarity and usability. One guideline (G6y;) was removed
due to its limited contribution and conceptual overlap with others. These revisions led to a final
structure consisting of nine distinct guidelines in Version Two, as shown in Figure 7.

6.2.1 Clarity of the guidelines. Although most of the participants found guidelines understandable,
a few encountered difficulties with certain technical terms, particularly "Granularity” (G7,;) and
"Autonomy" (G1y1). These terms may require further clarification or simplification to ensure greater
comprehension among users. Meanwhile, a critique regarding the difficulty in relating to the
examples provided for each guideline underlines the need for clearer and more context-specific
illustrations. Participants expressed confusion about how the examples were applied to their
own experiences and situations, particularly in the case of the alignment of the adaptation (G3,;)
guideline. The challenge of creating relevant and accessible examples is a common issue in guideline
development, as noted in the literature [135]. It is essential to recognize that the guidelines were
developed primarily for software practitioners, whereas end-users may interpret and prioritize
aspects of these guidelines differently due to their distinct experiences, needs, and contextual
understanding.

Some guidelines like G3y; (Alignment of the Adaptation) and G5y, (User Involvement in the
Adaptation) have attracted confusion because they can be too broad and difficult to interpret. This
was further supported by the clarity ratings, where both G3,, and G5y received the lowest levels
of strong agreement on clarity, each at only 40%. To address this issue, G3y; was subdivided into
more focused and granular guidelines: G3y, (Aligning Adaptations with User’s Chronic Disease),
G4y, (Aligning Adaptations with App Usage Patterns) and G5y, (Aligning Adaptations with User’s
Coping Style). G5y, is broken down into: G7y; (User Involvement in Adaptations-Assessing User
Capability) and G8y; (User Involvement in Adaptations-Assessing User’s Willingness) (see Figure 7).
Upon further examination, G6y, (Timing of the adaptation) has been removed from our guidelines
because participants perceive it as too general, affecting its clarity, and it overlaps with G4,;.

V1: Structure of guidelines V2: Structure of guidelines after refinement with V3: Structure of guidelines after refinement with
end-users software practitioners
# Guideli # Guidelines # Gui
G1 Controllability and Autonomy in adaptation G1 Promoting User Controllability and Autonomy in Adaptation G1 Promoting User Controllability and Autonomy in Adaptation
G2 User support for adaptation G2 Providing User Support for Adaptation G2 Providing User Support for Adaptation
+{G3_Alignment of the adaptation f~, {G3 Aligning Adaptations with User's Chronic Disease G3 Aligning Adaptations with User's Chronic Disease
alfisaenr'—::ze“gwer collaboration for the "#iG4 Aligning Adaptations with App Usage Patterns G4 Aligning Adaptations with App Usage Patterns
b 1 G5 Aligning Adaptations with User's Coping Style - G5 -Alignine Ad ith Ucar's Conine St
~+!G5 User involvement in the adaptation ™ o - 4 on i - B! PGS
-Ge : y G6 Collaborative Adaptation between Users and Caregivers G5 Collaborative Adaptation between Users and Caregivers
G7 Granularity of the adaptation “\ G7 User In Adaptat g User Capability G6 User in A i A ing User Capability
At User Involvement in Adaptations-Assessing User's . . . AT
GB Lyl G7 User in A A User's
G9 Adjusting Granularity of the Adaptation G8 Adjusting Granularity of the Adaptation

G9 Ensuring Privacy-Conscious Adaptive Mechanisms

+ Broke up guidel - d guideli + Added guideli

Fig. 7. Evolution of the structure of the guidelines(Version One->Version Two->Version Three)
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6.2.2  Usefulness of the guidelines. When evaluating the guidelines, participants expressed difficulty
in relating to some of them and struggled to understand their purpose. It is frequently observed in
the development of guidelines that they tend to state actions without explaining their rationale or
offering implementation advice [26]. As a response, we have supplemented each guideline with
its purpose to offer context and aid in understanding. Furthermore, participants with experience
in application design noted the potential overlap between the proposed guidelines and existing
general guidelines for designing mHealth applications. This overlap in guidelines aligns with
similar findings from other studies [174]. In addition, the participants in the evaluation study
emphasized the need to prioritize certain guidelines under different situations. This emphasizes
the challenge of designing for the hypothetical “general” user [26]. Feedback from the survey
revealed that users engage with chronic disease-related applications in a variety of ways. For
instance, younger users often utilize these applications to independently monitor health metrics,
which can render guidelines focused on user-caregiver collaboration, such as G4y, less relevant for
this subgroup. The achievement of all design goals for a computer-based product or service often
involves trade-offs [95], as the guidelines proposed in this study, discussed in Section 4.2, are not
exempt from such tensions, with certain recommendations potentially conflicting depending on
user needs and system priorities.

6.3 Evaluation of Guidelines with Software Practitioners

A total of 43 software practitioners completed our evaluation survey. Each participant was assigned
a unique identifier (e.g., [S1]) to reference their input throughout the analysis. Based on their
feedback, the guidelines have been refined to better correspond to the mHealth application design,
with actionable tips added to help developers apply the guidelines in diverse design contexts.
One new guideline is introduced (G9y3), while another is removed due to redundancy and limited
applicability (G5y2). The resulting nine guidelines (Version Three) are illustrated in Figure 7, with
detailed descriptions for each guideline provided in Section 6.4.

6.3.1 Demographic of software practitioners. Table 5 provides a summary of the demographic details
of the participants. Participants are predominantly male (70%) and relatively young, with 42% aged
18-24 and 40% aged 25-34, indicating a sample largely composed of early career professionals. Most
of the respondents had 0-2 years (40%) or 3-10 years (52%) of experience, and only 9% had more
than 11 years of experience. The largest groups by geography hail from Australia (26%), Canada
(16%), and Portugal (14%), with smaller groups from various countries in Europe, North America,
and Asia. The participants are employed in organizations of varying sizes, with 21% working in
small companies (with fewer than 10 employees) and others in medium to large organizations.
In terms of professional roles, the largest group is identified as programmers (49%), followed by
Ul designers (37%), software architects (35%), and testers (23%). These demographics highlight
the diversity of professional backgrounds and responsibilities of survey participants within the
software development sector.

The responses reveal a diverse range of experiences in developing health-related applications,
highlighting significant contributions to chronic disease management (33%), general health tools
(33%), specialized applications (28%) and other experiences in health-related fields (7%). Many
survey respondents reported working on applications for managing chronic diseases, incorporating
features such as tracking vital signs, medication adherence, and personalized health recommen-
dations. Others contributed to general health and wellness applications, including applications
promoting healthy routines, dietary management, and senior-focused medication management
systems. Specialized projects ranged from tumor detection applications and mental health solutions
to orthodontics-related tools and the digitization of healthcare facilities like nursing homes and
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Table 5. Survey software practitioners participants demographics information (n=43)

Demographics # % of Participants Demographics # % of Participants
Gender Country of residence
Female 13 mm30% Australia 11 . 26%
Male 29 e 70% Canada 7 wm16%
Age Portugal 6 m14%
18 - 24 18 memm 42% Poland 4 w9%
25-34 17 e 40% Mexico 3 17%
35-44 5 m12% Chile 2 15%
45 - 54 2 15% India 2 15%
55-64 1 12% Italy 2 15%
Company size United States of America 2 15%
Less than 10 11 wm21% Greece, Netherlands, New Zealand, United Kingdom of Great Britain and Northern
11-50 4 18% Ireland 1% Each
51-100 9 mm17% Roles in the team *
101-500 4 w8% Programmer 21 w497
501-1000 5 m9% User interface or Graphical user interface designer 16 wmm37%
More than 1000 8 m15% Software architect 15 wmm35%
Prefer not to say 2 14% Tester 10 =m23%
Years of working experience Project manager 8§ mW19%
0-2 years 17 wmm 40% App animator or operations developer/engineer 4 m9%
3-5 years 11 = 26% QA engineer 3 07%
6-10 years 11 = 26% Requirements analyst 2 15%
11+ years 4 19% Business consultant/Marketing manager/Sales personnel, Technical Lead, Re-
Ethnicity simplified searcher 2% Each
White 20 mmmm47% Experience in health-related applications
Asian 14 wmm33% Chronic disease management (e.g., diabetes tracking apps) 14 wm33%
Black 4 09% General health and wellness Tools (e.g., diet apps) 14 wm33%
Other 3 17% Specialized applications (e.g., tumor detection) 12 wm 28%
Mixed 2 15% Experience in related fields (e.g., testing for health apps) 3 17%
* This does not added up to 100%, because some participants took several roles. Other categories of demographic data may not sum to 100% due to
rounding.

hospitals. Participants also played key roles in testing, UI design, and IT support, highlighting the
multidisciplinary nature of healthcare application development.

6.3.2 Understandability and usefulness of guidelines. Figure 8 provides insights into participants’
perceptions of the guidelines related to user adaptation in applications, evaluating both their
understanding and their usefulness. Most of the participants reported strong agreement with the
clarity of G1,; (49%) and G2, (53%), indicating that these two guidelines were among the most
easily understood and distinguishable. Similarly, G3y2 and G4, received strong agreement from 51%
of the respondents, indicating that they were generally well understood. In contrast, G9y; and G5y
had lower strong agreement ratings (37% and 33%, respectively), suggesting that these guidelines
were perceived as more ambiguous and may require further clarification. In terms of perceived
usefulness, G3y; stood out as the guideline most positively rated, with 70% of the participants

Understand and distinguish between different Usefulness of each individual
guidelines (a) guideline (b)
5% 5% 2% Gl 2% 14% 23% G1. Promoting User Controllability and Autonomy in Adaptation
5% 9% 33% G2 % 28% G2. Providing User Support for Adaptation
2% 12% 35% G3 2% 7% 21% G3. Aligning Adaptations with User's Chronic Disease
5%  19% 26% 51% G4 5% 47% G4. Aligning Adaptations with App Usage Patterns
7% 21% 40% G5 5% | 21% 42% G5. Aligning Adaptations with User's Coping Style
9% 5%  40% G6 5% 12%  33% G6. Collaborative Adaptation between Users and Caregivers
12% 7% 47% G7 2% 16% 51% G7. User Involvement in Adaptations
5% 12% 49% G8 5% 19% 47% G8. User Involvement in Adaptations
5% 16% 2% G9 2% 16% 37% G9. Adjusting the Granularity of the Adaptation
Somewhat disagree Neither agree nor disagree Somewhat agree . Strongly agree

Fig. 8. Distribution of participants’ rating on the proposed guidelines (Version Two) for - (a) Understand and
distinguish between different guidelines (b) Usefulness of each individual guideline
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strongly agreeing on its utility, followed by G2, (65%) and G1y; (60%). Guidelines such as G6y;
and G9y; also received considerable support, with 51% and 44% in strong agreement, respectively.
The survey participants overwhelmingly demonstrated a strong preference (91%) for using the
proposed guidelines over existing standalone guidelines to design mHealth applications, although
a small minority (9%) expressed skepticism. In general, while most guidelines were perceived as
useful and understandable, such as G9y, and G5,;, may require refinement to improve clarity and
effectiveness. The positive reception of user-centered guidelines highlights their value in improving
usability in applications.

6.3.3 Strengths of the guidelines. Software practitioners also provided several comments that
highlighted additional strengths and limitations of the proposed guidelines (see Figure 9). The
guidelines demonstrate significant strengths in creating user-centric, personalized applications,
particularly for individuals who manage chronic diseases. Personalization emerged as the theme
most frequently endorsed, referenced in 78% of participant responses, with many commending
the guidelines for enabling a personalized application experience. In particular, G3y; (Aligning
Adaptations with Chronic Diseases) and Gly, (Promoting User Controllability and Autonomy) were
specifically praised for empowering users to manage their health while maintaining the flexibility
and user-friendliness of the system. Another key strength is the emphasis on empowerment and
autonomy, identified in 62% of the responses. The participants appreciated that the guidelines
allow users to control application adaptation, reduce frustration, and encourage sustained use. G1;
and G9y; were frequently cited as ensuring user control without overwhelming them. Caregiver
collaboration, addressed in Gé6y,, was mentioned in 38% of the responses, emphasizing its critical
role in shared health management. Including caregivers not only supports users who need additional
help, but also improves adherence to health routines through clear communication and shared
decision making. A focus on context-aware adaptations was observed in 85% of the responses,
highlighting the importance of aligning the application features with usage patterns, coping styles,
and real-time user behavior and chronic disease management. Guidelines such as G5y, (Aligning
Adaptations with Coping Styles) and G4y, (Aligning Adaptations with App Usage Patterns) are
considered critical to maintaining the usability and relevance of the application.

6.3.4 Limitations of the guidelines. While the proposed guidelines demonstrate substantial
strengths, the evaluation also uncovered several limitations that may hinder their practical imple-
mentation. One key challenge lies in the difficulty of concretely linking certain guideline elements
to specific mHealth application design decisions, with some components perceived as inconsistently
applicable. For example, [S4] highlighted the challenge of clearly defining the concept of user
involvement and its applicability across various types of mHealth applications. One common
concern is the risk of overwhelming complexity, as participants emphasized the challenge of
maintaining an appropriate balance between the level of granularity, user autonomy, and overall
interface simplicity. [S15] noted:

ti% “Excessive customization, mental overload, and caregiver dependency could affect user
experience. Collaborative adaptation requires sharing personal health data between the user
and their caregivers. Both parties need to have access to sensitive health information, but
managing who has access to what data, like diagnosis, medication and treatment progress,
can add more complexity [to the adaptation].”

Guidelines such as G1y; (Promoting User Controllability and Autonomy in Adaptation) and G9y;
(Adjusting the Granularity of the Adaptation) exemplify this tension, as they must navigate the fine
line between offering users sufficient control and customization without introducing excessive
complexity that could hinder usability or reduce engagement. An additional limitation identified
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—— 1. User-centric approach

Strength for AUI | 2. Empowerment and autonomy

guidelines 3. Caregiver collaboration

— 4. Context-aware adaptations

— 1.Lack of clarity and actionable connection to mHealth design

2. Increased complexity and cognitive burden for users
Limitations for AUI

guidelines 3. Variability in chronic disease needs and user expectations

4. Concerns over data privacy and security in adaptation

L 5. Scalability and long-term usability challenges

1. Create actionable guidelines
2. Context-specific guidance for implementation

Suggestions for 3. Validation through real-world development processes
2Ulguidelines 4. Inclusive evaluation across diverse user groups
5. Provision of toolkits and design templates

6. Support for multi-user and collaborative use cases

Fig. 9. Opinions of software practitioners regarding the strengths, limitations, and suggestions for the
guidelines

was the challenge in accommodating the variation associated with chronic disease requirements.
Guidelines such as G3y; (Aligning Adaptations with User’s Chronic Disease) must accommodate fluc-
tuating health conditions, which may require frequent updates, risking user fatigue or misaligned
adaptations. [S23] noted that the willingness of users to modify the application can vary depending
on the context. For example, users might initially resist making changes but become more open to
adaptation as their familiarity with the applications or their health condition evolves over time. Pri-
vacy and security concerns are also prominent, especially when sharing sensitive health data with
caregivers. [S16] highlighted the constant risk of fraud and the possibility of unauthorized access to
patient personal medical information. Scalability and long-term usability challenges emphasize
the importance of continuous testing and refinement to ensure that the system remains relevant
and effective over time. Furthermore, [S6] pointed out a potential drawback of customization.

(l% “They[the system] might modify crucial settings that could negatively impact them in
the future without their[the user’s] awareness. These designs must ensure that the guidelines
are put into practice effectively without harming the user experience.”

[S18] noted that if users are not in a suitable physical or mental state, prolonged use of the applica-
tion can decrease, reducing its effectiveness. Furthermore, [S9] raised concerns about excessive
dependency on the application, especially during urgent or emergency situations, suggesting that
such features should be limited and paired with clearer usage instructions to prevent misuse. In ad-
dition, several participants emphasized that certain guidelines warrant particular attention. Among
them, G5y, (Aligning Adaptations with User’s Coping Style) emerged as especially challenging.
Developing an application that effectively reflects the user’s coping style necessitates continuous
fine-grained data collection over time, which raises concerns about privacy, security, and the poten-
tial for user fatigue from repeated prompts or data input. [S31] illustrated an intriguing situation in
which the importance of different guidelines can fluctuate, highlighting the interconnected nature
of the guidelines. This participant also noted that specific guidelines can interact with others,
implying that changes to one may require adjustments to another.
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(1% “G3,2 addresses the fluctuation in the severity of chronic diseases, an initial configuration
would be more beneficial for those with stable chronic diseases. An additional scenario is
when a user has complete mobility at first and does not need any special adaptations initially.
However, their mobility may decrease with time, which could make them less able (or willing)
[G8,2] to change settings later [S31]”

Response to the limitations. Some limitations noted earlier have been thoroughly examined in
the AUI literature, including concerns such as privacy, learnability, high complexity, and usability
challenges [62, 107, 147, 148, 197, 198]. Our aim is to highlight these issues in the guidelines while
offering strategies for designing AUIs that effectively address or offset these drawbacks to meet
users’ needs. Our attention will be directed towards improving the clarification of the guidelines,
connecting this with the design of the mHealth application, and refining the guidelines associated
with the management of chronic diseases.

6.3.5 Suggestions for the guidelines. Participants also offered valuable suggestions to improve
the practicality and impact of the guidelines. Several respondents emphasized the importance of
translating the guidelines into clear, actionable steps for development teams. Guidelines such as
Glyz, G342, G5y2, G6y2, and G9y; were identified as needing more concrete implementation strategies,
particularly in areas such as adaptive learning pathways and data privacy protections. For example,
[S1] suggested improving Gly, (Promoting User Controllability and Autonomy in Adaptation) by
allowing users to gradually learn about controls through tutorials or default settings. Furthermore,
[S28] emphasized the incorporation of explicit consent mechanisms for caregiver access under
Gb6y; (Collaborative Adaptation between Users and Caregivers), as well as the provision of secure
sharing options, such as temporary access tokens or granular data permissions for collaborative
features. The participants called for clarity on the context-specific guidance for implementation,
with a strong focus on understanding the interaction between different guidelines. For example,
[S11] highlighted the importance of examining how guidelines interact in scenarios that involve
collaborative adaptations with caregivers. Further recommendations included developing a holistic
onboarding process to assess the physical and mental capacities of users. This process should allow
periodic reassessments to ensure that users are not permanently classified based on their initial
evaluations. Participants emphasized the need for more explicit and context-specific guidance
to support the effective implementation of the guidelines. [S11] highlighted the importance of
examining how guidelines interact in scenarios involving collaborative adaptations with caregivers.
Several participants stressed the importance of conducting a continuous and iterative evaluation of
the guidelines throughout the actual development process. Such practical evaluations would help
identify gaps between the theoretical guidance and its usability in real development environments.
In addition, several participants advised to perform extensive user research covering various
demographics, such as age, socioeconomic status, and cultural background, to ensure that the
guidelines are applicable and inclusive across the board. Some participants also advised to consider
offering toolkits or design templates to developers, particularly for complex aspects such as
G3y, (Aligning Adaptations with the User’s Chronic Disease) and G9y; (Adjusting Granularity of the
Adaptation). These could serve as an initial guide for developers who might lack experience in
dealing with AUIs. In addition, it could be advantageous to include examples or suggestions for the
implementation of the guidelines in multi-user scenarios, such as family-oriented applications or
shared interfaces between caregivers and patients.

Response to the suggestions. The guidelines have been refined in response to the specificity of the
suggestions in the context of mHealth design. A new guideline, G9y3 (Ensuring Privacy-Conscious
Adaptive Mechanisms), has been introduced to improve practical applicability, while G5, (Aligning
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Adaptations with User’s Coping Style) has been removed. To assist software practitioners, actionable
tips have been provided to apply the guidelines in various scenarios. Although some suggestions
hold significant promise, they could be further explored and refined in future work.

6.4 Guidelines

Table 6 highlights the varying importance of guidelines for adaptation in mHealth applications
from the perspective of end-users and software practitioners, categorized into critical, important,
and helpful tiers. It is important to note that end-user evaluations were based on Version One of the
guidelines, which included only seven guidelines (see Figure 7). Broader guidelines like Alignment
and User Involvement had not yet been subdivided at that stage, which led to critical feedback and
contributed to their lower ratings of importance due to a lack of clarity. This context explains why
alignment- and involvement-related guidelines are largely rated as only “helpful” by end-users (see
Table 6). Several guidelines, particularly G2y,, G6y2, and G9y2, emerge as universally important
from both the end-user and the software practitioner’s perspectives. In addition, examining the
relationships between these guidelines reveals key interdependence. For example, G1y,, and G9;
are closely interconnected, as a high degree of granularity typically requires strong user support
mechanisms and effective user control. Similarly, G6y; can improve the implementation of G7,, and
G8y; by leveraging caregiver participation to better address primary user capability and willingness
to engage in the adaptation process. In light of these insights, the Version Three guidelines have
been categorized into four groups, each reflecting a distinct design focus.

(1) User Support and Interaction: Users often have varying levels of familiarity with digital
platforms, which can create barriers to effective interaction. By providing clear guidance and
support, this category of guidelines ensures that all users, regardless of their technical skills or
physical abilities, can navigate and utilize the application seamlessly.

Associated guidelines: G2: Providing User Support for Adaptation, and G6: User Involvement
in Adaptations-Assessing User Capability.

(2) Context-Aware Adaptations: Chronic disease management often involves varying needs
based on the user’s health condition and application usage patterns. The different purposes for
using mHealth applications result in different usage patterns, with differences in the frequency
and duration of each session. Context-aware adaptations ensure that the application remains
relevant and effective by aligning its functionalities with the user’s goal of using it.
Associated guidelines: G3: Aligning Adaptations with User’s Chronic Disease, G4: Align-
ing Adaptations with App Usage Patterns, and G9: Ensuring Privacy-Conscious Adaptive
Mechanisms.

(3) Caregiver Collaboration and Adaptation: Carers are key in overseeing application man-
agement and modifications, particularly for users who have limited ability or engagement.

Table 6. Importance ratings of guidelines (Version Two)

ID  Guidelines End user Software practitioner
G1y; Promoting User Controllability and Autonomy in Adaptation Important Important
G2y, Providing User Support for Adaptation Critical Critical
G3y; Aligning Adaptations with User’s Chronic Disease Helpful Critical
G4y, Aligning Adaptations with App Usage Patterns Helpful Critical
G52 Aligning Adaptations with User’s Coping Style Helpful Helpful
Gé6y; Collaborative Adaptation between Users and Caregivers Critical Important
G7y, User Involvement in Adaptations- Assessing User Capability Helpful Helpful
G8,2 User Involvement in Adaptations- Assessing User’s Willingness Helpful Helpful
G9y; Adjusting Granularity of the Adaptation Critical Important

* Critical >Important >Helpful
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Shared usage scenarios require mechanisms that support collaboration between the user and
their caregiver. Adaptations should be designed to empower both parties without introducing
unnecessary complexity or privacy risks.

Associated guidelines: G5: Collaborative Adaptation between Users and Caregivers, G7: User
Involvement in Adaptations-Assessing User’s Willingness, and G9: Ensuring Privacy-Conscious
Adaptive Mechanisms.

(4) Empowerment and Autonomy: Granting users comprehensive control and autonomy re-
garding the app’s adaptive functionalities is key to some users. It highlights the significance of
allowing users to customize their application experience according to their individual needs and
preferences while staying informed about the application’s operations. This category ensures
that the user retains ownership of their health management journey by providing them with
meaningful choices and control mechanisms.

Associated guidelines: G1: Promoting User Controllability and Autonomy in Adaptation, G8:
Modifying Granularity and G9: Ensuring Privacy-Conscious Adaptive Mechanisms.

This set of guidelines may hold with different levels of importance depending on the scenario,
as the software practitioners of the evaluation study recommend clearer prioritization steps for
a specific context. This approach aligns with studies on accessibility in user review, advocating
for a severity-based priority system to address critical needs [155]. Figure 10 provides a structured
guide for prioritizing guideline sets when designing AUIs for mHealth applications that target
chronic diseases. The selection process begins by determining whether the application is designed
to empower the user independence and control, in which case the Empowerment and Auton-
omy guideline set is recommended. If not, the next step assesses whether the design requires
collaboration between users and caregivers, leading to the User Caregiver Collaboration guideline
set. If the application does not involve caregiver collaboration, the focus shifts to accommodating
diverse user capabilities and preferences, for which the User Support and Interaction guideline set
is applicable. Ultimately, the design’s impact on users’ health conditions serves to further refine the

Is the mHealth application intended to
incorporate AUIs?

YES [ NO
'
Does the interface design prioritize user Consider other general app design practices.
independence and control?
YES | NO Use this guide
¢ 1 to prioritize
the guideline
sets

Guideline sets: Does the app require collaboration
Empowerment and Autonomy between users and caregivers?

YES [ NO
v ¥
Guideline sets:
User Caregiver Collaboration

Does the design need to accommodate
diverse user capabilities and preferences?

YES NO

=

Guideline sets:

. Consider other general app design practices.
User Support and Interaction

condition or their functional capabilities? health condition?

Health condition | User capabilities YES NO

Guideline sets: Guideline sets: Guideline sets: Guideline sets:
Context-Aware Adaptations User Support and Interaction Context-Aware Adaptations Empowerment and Autonomy

Is the design more influenced by the user’s health | ‘ Is the app design influenced by users’ |

*AUIs (Adaptive User Interfaces), Priority: Critical guideline set > Important guideline set

Fig. 10. Guideline sets prioritization guide
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prioritization between the Context-Aware Adaptations or Empowerment and Autonomy guideline
sets. The following content presents Version Three of the guidelines, which represents the final
refined set developed through iterative feedback and evaluation.

G1: Promoting User Controllability and Autonomy in Adaptation

G1 involves empowering users to manage the adaptation process by balancing user control and
system automation. This guideline emphasizes offering users the flexibility to personalize their
interactions, which ultimately leads to an improved user experience.

G1l.a mHealth applications for chronic disease management can feature an “extra-UI’, a dedicated
adaptation dashboard that allows users to personalize their interface according to their
specific needs and preferences [119]. For example, a user managing diabetes might configure
the dashboard to prioritize glucose monitoring tools on the home screen while minimizing
less relevant features, such as exercise tracking, to streamline their daily interactions with
the application. An example of such a dashboard interface is illustrated in Figure 13.

G1.b The application could offer a step-by-step adaptation process, allowing users to progres-
sively experiment with different levels of adaptation. This approach aligns with the findings
that people often prefer tasks of moderate complexity, which fosters a greater sense of
competence and engagement [39]. Moreover, gradual adaptation strategies have been shown
to outperform both non-adaptive and fully adaptive systems in terms of usability and user
satisfaction [185]. In the context of end-user development, several studies advocate starting
with a minimal application and enabling users to iteratively solve tasks, each unlocking
or adjusting new features based on prior interactions [28, 96]. For example, Castelli et al.
[28] demonstrated how users could customize smart home data visualizations through a
guided incremental process, while Schobel et al. [166] supported physicians in intuitively
developing customized applications using similar step-by-step techniques.

G1.c Opt-in and opt-out features can empower users by allowing them to selectively enable or
disable specific adaptation functions based on their preferences and routines. In addition,
the inclusion of a scheduling mechanism for adaptations enables users to define temporal
boundaries, activate adaptive features during particular periods, such as work hours or active
health management phases, and deactivate them during rest or downtime.

G1.d Centralized adaptation refers to the provision of a dedicated section within the system
where users can configure all adaptive features. This approach reduces disruptions to the
primary Ul and preserves spatial consistency. This design strategy aligns with previous
findings that emphasize users’ preference for spatial stability, as frequent interface changes
can increase cognitive load and hinder usability [45, 61, 110]. As noted in Deuschel [44],
maintaining spatial stability supports better user orientation and interaction efficiency,
particularly in health-related applications where reliability is critical.

G2: Providing User Support for Adaptation
G2 focuses on ensuring that users can navigate and utilize AUIs effectively by providing adequate
assistance and clear guidance. This guideline highlights the importance of helping users understand

how adaptive features work, what they can expect from these features, and how to interact with
them efficiently. By delivering streamlined support, users with varying levels of digital literacy can
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confidently engage with adaptive features. This user-centric approach ensures that the benefits of
adaptation are fully realized without introducing confusion or cognitive overload.

G2.a mHealth applications for chronic disease management could incorporate quick-access
shortcuts to streamline interaction with frequently used adaptive features, minimizing the
workload for users to navigate through layered menus. For example, a person who manages
diabetes might find value in a one-tap shortcut on the home screen that allows immediate
adjustment of notification preferences for glucose monitoring or dietary alerts. To help
users engage with these adaptive features, onboarding tutorials can be introduced during the
initial setup process. These tutorials would provide guidance on how to configure and utilize
adaptive options, ensuring that users understand the benefits and functionalities from the
outset.

G2.b Access to relevant adaptation suggestions is essential to support users who may face
difficulties in customizing technology due to their health conditions. As highlighted in previ-
ous research [211], users experiencing significant mental health challenges often struggle
with personalization tasks, making adaptive support critical. To accommodate this, mHealth
applications could offer preset configurations, such as a “low-energy mode” that simplifies the
interface, minimizes notifications, and reduces visual clutter, to ease interaction and reduce
cognitive load. These suggestions should offer immediate support yet be flexible, enabling
users to adjust settings over time as their preferences and needs evolve.

G2.c Providing contextual explanations for adaptations within the application is essential to
improve user understanding and ensure transparency in the adaptation process [87]. Users
benefit from being able to interpret changes made to the interface. For example, Teevan
et al. [183] demonstrated how highlighted adapted sections on web pages helped users track
content changes. Similarly, Dessart et al. [43] introduced animated transitions to visualize
the progression from a pre-adaptation interface to its adapted form.

G3: Aligning Adaptations with User’s Chronic Disease

G3 emphasizes tailoring adaptive features to accommodate user-specific health conditions, including
cases of multimorbidity, varying levels of disease understanding, and progression of chronic disease.
If users do not perceive clear and practical relevance in the adaptation, they are unlikely to
remain engaged with the application over time [139, 171]. Reflecting the nuanced needs of users
with complex or evolving conditions, the system fosters a sense of support and empowerment,
contributing to better long-term health outcomes.

G3.a Adaptations could include customized dashboards for users managing multiple chronic
diseases, such as diabetes and hypertension. These dashboards can visually differentiate
disease-specific information through intuitive icons, such as a syringe that represents insulin
tracking or a heart symbol that indicates blood pressure monitoring, allowing users to quickly
identify and navigate to the relevant sections.

G3.b Adaptive Ul features can dynamically tailor the layout and content of the interface according
to the user’s health condition. For example, a user with advanced diabetes might see a
streamlined interface that prioritizes quick access to blood glucose tracking, insulin dose
logs, and emergency contacts. In contrast, a user in the early stages of diabetes might have
an interface that emphasizes educational tools to build awareness and encourage healthy
habits. To support this approach, Pagiatakis et al. [141] presents a system that adapts its
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navigation structure during hypoglycemic events, restricts access to non-critical functions
and prominently enables emergency contact features, highlighting how condition-sensitive
adaptation improves usability and safety. An example of such an adaptation is shown in
Figure 1b).

G3.c Adaptation strategies should account for users’ attitudes toward their chronic disease,
particularly the coping mechanisms they employ in response to health-related stress [36].
Some users adopt approach-based coping styles and may seek continuous, detailed feedback
on their health status. For these users, the application could provide regular data visualiza-
tions, trend alerts, and actionable recommendations. In contrast, users with avoidance-based
coping tendencies might find frequent feedback overwhelming or demotivating. In such cases,
the application could offer minimalistic summaries with customizable options to access more
detailed information on demand, while still ensuring that critical alerts are delivered in a less
intrusive, emotionally sensitive manner. The study by Sefidgar et al. [167] highlights how
patients’ differing goals, such as monitoring, learning, or anticipating symptoms, influence
their expectations of health data and applications, highlighting that individual attitudes
significantly shape the engagement with adaptive health technologies.

G3.d The adaptation process plays a critical role in supporting individuals with chronic diseases
by aligning the application’s interface and features with their specific health management
needs. For example, in a diabetes management app, adaptive Ul components can highlight
priority tasks such as blood glucose monitoring, medication reminders, or dietary tracking
based on the user’s current health status and routines. By streamlining access to relevant
functions and minimizing irrelevant content, adaptive systems can enhance usability, promote
user confidence, and maintain long-term engagement, factors consistently highlighted as
crucial in the literature on mHealth application adoption [120, 187].

G4: Aligning Adaptations with App Usage Patterns

G4 emphasizes the alignment of adaptive features with users’ actual usage patterns, including
how frequently, how long, and with what level of effort they engage with different functionalities
in the application. The goal is to support a seamless user experience by integrating adaptations
that feel intuitive, avoiding disruptions to users’ established routines. This behavioral alignment
not only preserves workflow efficiency, but also fosters continued user engagement by delivering
personalized, context-aware support that adapts to evolving usage habits.

G4.a Research indicates that the balance between routine and non-routine tasks, along with
the effort involved in task execution, directly influences the effectiveness of AUIs [107,
148]. Therefore, tasks that are performed frequently and require minimal cognitive
or physical effort are suitable for automation. In mHealth applications, this could be
operationalized through smart automation for repetitive behaviors. For example, if a user
habitually logs water intake after meals, the system could offer prefilled values based on
historical patterns, requiring only user confirmation or minor edits. In contrast, tasks that
are infrequent and more complex, such as setting or adjusting long-term health goals, may be
best managed through user-driven interactions. In such cases, the application might provide
guided instructions or suggestions to help users review and update their goals, ensuring that
the process remains user-driven while offering support as needed.

G4.b The timing of adaptations should be aligned with individual user interaction patterns to
maximize usability and minimize disruption in chronic disease management applications.
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For example, in a diabetes management application, a user who accesses the application
only occasionally may benefit from immediate prompts upon login, such as a quick setup
panel to adjust display preferences. In contrast, users who interact with the application more
regularly might receive adaptation prompts, such as suggestions for adjusting lifestyle goals
or daily activity targets, later in their session when they are more engaged and receptive to
change.

G5: Collaborative Adaptation between Users and Caregivers

G5 emphasizes a collaborative adaptation model, in which both end-users and caregivers jointly
contribute to customizing and optimizing the mHealth application. This approach addresses the
cognitive and logistical challenges users may face when managing adaptations independently, as
the mental effort involved in the oversight of interface changes can offset the efficiency gains
promised by automation [61, 75]. In addition, users might unintentionally steer the adaptation
process toward personal preferences that diverge from clinical or functional priorities, potentially
affecting the intended purpose of the app. Given that caregivers often play an important role in
medical decision-making [27, 203], their involvement ensures that adaptations are practical and
aligned with user needs. This collaboration recognizes the caregiver’s role in helping with the usage
of the application, ensuring that the adaptations meet the needs of end-users. This collaboration
fosters a shared sense of responsibility and makes the application more effective in managing
chronic diseases, particularly for users who rely heavily on caregiver assistance.

G5.a Adaptation Lock enables caregivers to securely access and adjust specific adaptive features
within the mHealth application. Through an access code or caregiver authentication, the
system grants temporary control over interface configurations such as activating high-
contrast display modes, simplifying navigation by hiding non-essential features, or reordering
dashboard elements to better reflect the priorities of the user under the caregiver’s supervision.
Once the caregiver completes these modifications, the system re-locks the settings, preventing
accidental or unauthorized changes. This mechanism facilitates collaborative customization
while reducing cognitive overload for individuals with limited digital literacy or age-related
impairments.

G5.b Role-based customization enables distinct user roles (e.g., patient, caregiver and healthcare
provider) to access distinct interfaces tailored to their specific tasks and responsibilities. For
example, caregivers might be granted permissions to modify system settings, manage medi-
cation schedules, or monitor key health indicators over time, while patients maintain control
over personal health data and interact with an interface focused on daily self-management
tasks, such as tracking physical activity or dietary logging. This design ensures usability and
security by aligning the interface with the contextual needs of each user role.

G5.c A clearly maintained audit trail can track all adaptations and changes made by caregivers
and users, enhancing transparency and accountability. This is especially important in multi-
user settings where conflicting preferences may arise, such as disagreements over which
features should be prioritized or modified. Without oversight, such conflicts can result in
miscommunication, data misinterpretation, or inappropriate use of the application [5, 109].
Figure 15 shows such an example, where the application supports communication channels
between patients and caregivers, and notifications document patient-related activities. To
ensure traceability, caregiver actions could also be logged in a similar way, allowing both
parties to reference adaptation histories.
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G6: User Involvement in Adaptations-Assessing User Capability

G6 highlights the need to assess whether users possess the physical and mental capacity to handle the
added responsibilities introduced by adaptive features. This guideline protects against overwhelming
users with cognitive or interaction demands that may exceed their abilities. By tailoring the
adaptation process to the user’s capabilities, the application can accommodate a diverse range of
users, from those who are highly tech-savvy and comfortable with extensive customization to
those who require a simpler, more guided experience to effectively interact with the system.

G6.a Implementing an adaptive onboarding process to assess user capability in the initial stage
of the application interaction can help to tailor adaptations. For example, a brief questionnaire
or interactive tutorial can assess a user’s digital literacy, confidence in health management,
and comfort with interface customization. Based on the responses, the application could
recommend a suitable level of adaptation while enabling more granular control for users
with higher confidence and technical proficiency. For users with limited physical or cognitive
capacity, the application could provide pre-set adaptation options instead of requiring manual
adjustments.

G6.b Based on the evaluation of the user’s capabilities in G6.a, they can be offered several prede-
fined options. These predefined options could be: 1) Vision-friendly AUIs: This mode improves
visual accessibility by increasing font size, increasing contrast between text and background,
eliminating distracting background images [131], and reducing the dependence on peripheral
vision. It also optimizes the display settings for low light environments to ensure that text
and icons remain visible under various conditions [25]. 2) Motor-friendly AUIs: Given the
high prevalence of motor impairments among people with chronic diseases [46, 91], this
mode groups related buttons in logical sequences with adequate spacing to prevent accidental
input. It simplifies interactions by minimizing the use of gestures, scrolling, and double taps,
replacing them with single-touch commands to improve usability. 3) Cognitive-friendly AUIs:
This mode could aid in simplifying tasks and reduce cognitive load. The application might
also offer adaptive feedback, such as highlighting the next action to take and ensuring that
all necessary information is displayed clearly without clutter. Additionally, the application
could limit the display of parallel information and reduce the number of steps in any process,
ensuring that the interface remains intuitive and task-oriented.

G7: User Involvement in Adaptations-Assessing User’s Willingness

G7 emphasizes that users differ in their willingness to engage with the adaptation process, influenced
by factors such as personality, cultural background, and contextual preferences. This guideline
advocates for empowering users by offering them the flexibility to actively participate in shaping
the adaptation or passively accept predefined system configurations. This approach ensures that
both proactive and passive users can interact comfortably with the application.

G7.a The application could introduce several involvement modes during onboarding to ac-
commodate different user preferences for adaptation. An active mode would enable users
to take full control over adaptive settings, allowing them to explore and personalize the
interface based on their needs and preferences. Conversely, a passive mode would apply
default configurations with minimal user input, while still offering opportunities for basic Ul
adjustments if desired. This dual-mode approach ensures inclusivity by supporting users
who prefer hands-on control and those who opt for a more guided, effortless experience.
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G7.b Integrate short personality or cultural assessments to better tailor the adaptation process
to user preferences. For example, users from cultures characterized by high uncertainty
avoidance may prefer simplified and clearly structured interfaces that minimize ambiguity
and reduce perceived risk. In such cases, the system could default to passive adaptation
modes with intuitive icons, consistent navigation, and minimal customization requirements,
ensuring a more comfortable and culturally aligned user experience [7].

G8: Adjusting the Granularity of the Adaptation

G8 highlights the importance of managing the degree or scope of interface adaptations, emphasizing
a balanced approach that avoids overwhelming users while still allowing meaningful customization.
Excessive changes can lead to steep learning curves and poor usability, while overly limited
adaptations can restrict user engagement and satisfaction [34, 210]. To address this, the guideline
promotes a tiered system of adaptation granularity, where users can begin with fundamental
adjustments to the interface and gradually access more advanced customization options. For
example, a health monitoring application could offer three levels of granularity: 1) Basic tier focuses
on incremental adjustments that improve accessibility and usability without significantly altering
the interface. Users can make essential changes, such as adjusting font size, enabling high contrast
mode, or changing button spacing; 2) Intermediate tier allow users modify the dashboard layout,
reorder widgets (e.g., glucose tracker or exercise log), or switch between simplified and detailed
data views; and 3) Advanced tier empowers users to implement extensive, system-wide changes,
granting full control over the interface’s behavior and functionality.

G9: Ensuring Privacy-Conscious Adaptive Mechanisms

G9 emphasizes the implementation of robust privacy mechanisms designed to protect sensitive
health information during the adaptation process. The goal is to maintain a careful balance between
delivering personalized user experiences and addressing valid privacy concerns. Previous studies
have highlighted the importance of maintaining user privacy in adaptive systems [55], particularly
in the context of mHealth technologies where transparency about data use and system behavior is
essential [65, 115]. This guideline advocates for privacy-sensitive adaptation strategies that clearly
communicate how user data is collected, processed, and applied.

G9.a Clearly communicate the rationale behind adaptive changes or interface customiza-
tions to improve transparency. For example, the system could inform users that the dashboard
has been reorganized to highlight frequently used features based on their recent interac-
tion patterns, while explicitly assuring users that their personal data remains secure and
private. However, research indicates that users tend to lose interest in such explanations
when they are not given sufficient control over adaptations [21]. Providing both rationality
and user-controlled adaptation fosters greater engagement and trust.

G9.b Implement adaptive systems that operate on minimal data input, collecting only essen-
tial information for specific adaptive features. For example, the application could adjust
the placement and prominence of frequently used UI elements, based solely on the user’s
navigation patterns, without collecting unnecessary data such as search history or inactive
screen interactions.

G9.c For applications involving multiple users, such as caregiver-patient scenarios, enable end-
users to retain control over caregiver access through easy-to-configure privacy settings.
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The application should support fine-grained permissions that allow users to specify what
information caregivers can view or modify. For example, a caregiver can manage medication
schedules, but is restricted from accessing sensitive data such as personal notes or detailed
health trends unless explicitly authorized.

6.5 Evaluation of Guidelines Against Real mHealth Applications

Using Test guideline —> Outcome @

Evaluated (o\, Evaluator A — |
Four mHealth by :lm' . aon review
applications App review
Ceing Control guideline—> Outcome

Evaluator B —

Fig. 11. Evaluation process of AUI guidelines through case study analysis

The evaluation was conducted in accordance with validation strategy proposed by Quifiones
et al. [152], with the detailed evaluation process illustrated in Figure 11 and the application details
summarized in Table 7. The selected applications are evaluated by human experts against the tested
guideline and another set of control guideline, with the latter serving as the basis for comparing the
results obtained during the evaluation process. The Xcertia Usability Guidelines [15] are adopted as
the control guideline in this study, as they offer a comprehensive and widely recognized framework
addressing key usability aspects specific to mHealth applications. The control guideline provides a
solid standard for comparison, which includes areas including: 1) Visual design, 2) Readability, 3)
Application navigation, 4) Onboarding, 5) Application feedback, 6) Notifications, alerts, and alarms, 7)
Help resources and troubleshooting, 8) Historical data, 9) Accessibility, and 10) Continuous application
evaluation. The chosen applications are evaluated by two evaluators who possess comparable
experience in UI design, with both evaluators reviewing the same applications. Evaluator A relies
exclusively on the set of test guidelines, while Evaluator B focuses solely on the control guideline,
and subsequently, the issues of each application identified by two evaluators are compared [105].
In the following sections of the article, we will refer to our test guidelines as T1 through T9,
corresponding to the Version Three guidelines G1 through G9 in our framework. To evaluate
the effectiveness of the proposed guidelines, we compared the issues identified using our guidelines
with those identified using an existing set, following two criteria adapted from previous research
[29, 125, 152]: 1) the number of incorrectly assigned problems to the guideline, and 2) the number
of identified problems deemed to be of higher severity.

6.5.1 Application evaluation. To ensure consistency and clarity in the evaluation process, teams
must undergo thorough training and preparation, as emphasized by Nielsen [133]. A briefing
was conducted the day before the evaluation to review the two sets of guidelines. Each evaluator
received two key documents: an evaluation note (see Figure 12), and a copy of the detailed guidelines

Table 7. Number of issues and average severity rating found by the experts for both test guideline and control
guideline

AppID App Name Rate/Downloads Review Flaged review Test(Num)® Control(Num)® Test(Sev)® Control(Sev)°
App1  mySugr - Diabetes Tracker Log'  4.6/5M+ 3k 208 7 12 3.1 14
App2  Gluroo: Diabetes Log Tracker 2 4.3/50k+ 0.3k 44 16 31 3.8 2.1
App3  Health2Sync - Diabetes Tracker® 4.6/1M+ 0.4k 59 6 3 29 13
App4  LibreLinkUp* 4.6/1IM+ 0.4k 32 4 3 2.8 1.2
4.3k(Sum)  343(Sum) 33(Sum) 49(Sum) 3.2(Ave) 1.5(Ave)

1.https://www.mysugr.com/en/diabetes-app. 2.https://gluroo.com/. 3. https://www.health2sync.com/. 4.https://www.librelinkup.com/. 5. number of the issues
identified by the specific guideline. 6. Average severity rating of issues identified by the specific guideline.
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to be applied during the evaluation session. The evaluation note includes identified issues, related
guidelines, and severity assessments where evaluators assign a severity level of 1-5 (5 being the
highest) to reflect the extent to which the issue affects the user’s ability to use the application
[29, 105]. Subsequently, evaluators were requested to outline the issues identified during the
evaluation process, taking into account both their severity and frequency of occurrence. As shown
in Table 7, the test guideline identified 33 issues compared to those using control guideline 49 in
four applications. While the control guideline uncovered a greater number of issues overall, this
is partly because certain test guidelines were not applicable in apps lacking adaptation features.
App 2 is currently open for user feedback and evaluation, which explains the higher number of
issues identified, particularly under the control guideline. It was selected for this study because
of its extensive adaptation features, making it a valuable case for evaluating adaptation-focused
guidelines. However, its misalignment with several test guidelines led to numerous usability issues.
This highlights the need to establish a comprehensive guide for adaptations, rather than simply
maximizing adaptations, which would inevitably present greater usability challenges to users.
The test guideline identified fewer issues in general compared to the control guideline, and the
issues it did identify were generally of higher severity. In contrast, the control guideline flagged
a larger number of problems, but many of them were rated as low in severity, which explains
the difference in perceived impact between the two sets. These lower-severity ratings were often
associated with visual design issues identified by the control guideline, which were considered lower
priority. Although acknowledging a wide range of issues is beneficial, prioritizing high-severity
problems is essential as they can significantly hinder usability, a critical concern in the mHealth
domain [9, 128].

6.5.2  User review analysis. After the human expert evaluation, review comments from the selected
mHealth applications were analyzed to determine whether the issues identified during the evalu-
ation process were echoed by end-users (see Figure 11). This process involves categorizing user
feedback to identify recurring issues or patterns that align with the issues flagged by the evaluators.
By integrating these insights, this step helps bridge the gap between expert evaluations and real-
world user experience, ensuring that guidelines address both theoretical challenges and practical
usage. Following the process described in Section 3.2.3, the review analysis initially identified 343
user reviews (see Table 7). After another round of filtering, 131 relevant reviews were retained for
analysis across the four selected applications. The evaluation highlighted that the test guidelines
successfully identified concerns in key areas that align with the guidelines outlined in Section 6.4.

Empowerment and Autonomy. For this guideline set, it was identified as relevant during
expert evaluations of App 1 and App 2, and was reflected in 59 of 131 user review comments. App 1
was flagged by evaluators for offering limited controllability over the dashboard and the generation
of patient reports for physicians. However, it was positively recognized for its customizable data

Evaluator: o o e

Name of the app:
Use of the guideline:

1 Identified issues Related guidelines Severity assessments

Write down the issues you identified in the app Write down the number of the
guideline this issue related to Rate the severity, e.g.,

Fig. 12. Evaluation note template used by the expert in evaluation session
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entry feature (see Figure 13). The application allows users to hide, and reorganize data entry fields,
with the option to restore the original list via a “show all fields” button. Many users described the
application as ‘customizable” and praised its “flexible setup to record details.” Nonetheless, some users
expressed the desire for more food tracking options and the ability to create custom food categories,
indicating room for further adaptability. Conversely, App 2 offers extensive controllability, allowing
users to personalize the Ul elements, notifications, navigation methods, and information displays
(see Figure 13). Despite this flexibility, user reviews revealed mixed feelings. Although many users
appreciated the high degree of customization, rated the application highly and described it as “an
excellent resource for individuals managing diabetes with features tailored to their needs”, others
criticized the design for being unintuitive and cluttered, with remarks such as “the interface is
overwhelming and difficult to navigate.” This divergence in feedback likely reflects the application’s
distinctive emphasis on real-time caregiver monitoring, which serves two primary user groups:
caregivers and patients. App 2 does not distinguish between caregivers and patients, despite these
groups having differing capabilities and preferences that affect their ability to navigate and utilize
the app’s customizable features. The variation in responses supports the relevance of the test
guidelines, T5, T6 and T7, which emphasize collaborative adaptation between users and caregivers,
as well as the assessment of users’ willingness and capabilities to engage in personalizing the
application. The conflicting opinions about the flexibility offered by App 2 can also be linked to
guideline T8 (granularity of adaptation). As shown in Figure 13, App 1 provides relatively simple
adaptations, such as modifying the number of visible data entry fields, along with a clear opt-out
option that helps users anticipate their next steps. In contrast, App 2 implements more complex
adaptations, including advanced menu modifications that alter navigation flows and require users to
spend time learning the new structure. Notably, App 2 exhibited numerous usability issues identified
through the control guideline, and many users still praised its adaptability, highlighting its potential
advantages. However, these benefits often come with usability challenges, reinforcing the need to
carefully balance the advantages and drawbacks of adaptation. Employing a structured approach
such as the one illustrated in Figure 10 can assist developers in identifying appropriate usage
contexts and reducing such trade-offs. Without this balance, adaptive features risk introducing
further complications rather than improving the user experience [44, 87, 93, 122, 147].

User Support and Interaction. For this guideline set, it was identified as relevant during expert
evaluations of App 2 and App 4, and was reflected in 26 out of 131 user review comments. The App 2

EJ Hide and unhide different data entry
H EJ  Extra Ul of customization

— IEJ ; Opt out the customisation
\ H

Conversation

Direct message @you

® on e i
@® Default oe O stent O o

O g Other integration message
EJ Can not add/change food © on O stent O of

3

----------------------------- Glooko integration message
Advanced @ on O siet O off
'Omnipods integration message

Alerts

@ use scvanced mens e G © e

Extreme Low blood sugar
@® on QO silent O off

Low blood sugar
® on O s O of

EJ Change data entry sequence ™

App 1: Data entry part App 2:Setting page

Fig. 13. Adaptation design example for empowerment and autonomy
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onboarding interface effectively presents goal-oriented prompts such as “access real-time data” and
‘enhance autonomy” (see Figure 14), aligning with T2 (user support) by offering users motivation
and guidance to personalize their experience. Although the application provides partial assistance
following navigation changes, additional support, particularly in restoring or explaining menu
options, would improve usability. Although user reviews do not explicitly call for more system
support, they do reflect difficulties in locating features and navigating the interface. In contrast,
App 4 features a simple tutorial for using the chart function, which users described as “easy to
follow” (see Figure 14). User feedback further highlights the importance of addressing varying user
capabilities, with accessibility concerns taking precedence over requests for adaptive support. For
example, older users requested larger fonts and clearer interface elements to accommodate visual
limitations, and the desire for customizable alarm settings points to the need for sensory-specific
adaptations, consistent with T6 (user capability).

Caregiver Collaboration and Adaptation. For this guideline set, it was identified as relevant
during expert evaluations of App 2, App 3 and App 4, and was reflected in 46 out of 131 user review
comments. App 2 prompts users during the initial login to specify their role (e.g., caregiver or
patient) and whether the device is intended for personal use or to monitor another individual (see
Figure 15). While this information is collected to enable role-based customization, the interface
does not visibly adapt based on these distinctions, raising questions about the utility of the data
and potential privacy risks. One user review underscores this concern, stating, “at least give us a
privacy policy that we can read before giving personal data up.” This highlights the importance of
transparent data practices and the necessity for clearly differentiated features that reflect user roles,
thus fostering trust and improving usability. App 3 similarly lacks differentiated designs tailored
to various user roles. It does not require caregivers to provide additional personal information,
instead relying on an invitation code provided by the primary user. The application informs users
of the sharing of data with partners, but does not specify what data is shared or allow users to
control access. However, users retain the ability to remove partners if needed (see Figure 15). User
reviews reflect concerns about this lack of control, especially about the inability to manage what
data caregivers can view. Users also expressed concerns about intrusive notifications, with one
stating:

¢ “Although notifications of the glucose recording are helpful, they are too intrusive, as my

partner doesn’t need to know every single detail, especially in work environments.”

These concerns highlight the importance of both T9 (ensuring privacy-conscious mechanisms)
and T1 (promoting user control), underscoring the necessity of offering more granular controls over

I Good to provide suggestions base on goals B} Provide support (text) 0 T
EJ  Lackof rationale between goal and resource R G DTG e
/ N
My Goals Achieve your goals

“ Not clear how to restore
the menu help

The green area represents your
Connection's target glucose range.

App 2: Onboarding page App 2: Navigation panel App 4: Animation of the Graph usage

Fig. 14. Adaptation design example for user support and interaction
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Fig. 15. Adaptation design example for caregiver collaboration and adaptation

data sharing and notification settings to maintain a balance between functionality and privacy. A
recurring issue across all three applications is the lack of role-based customization (T5), leading to
confusion between personal data and that of a caregiver or partner. For instance, some commented:

O “It’s confusing when partners share accounts—sometimes I don’t know if the logs are
mine or others. The application also assumes I have diabetes and asks me a lot of questions
as if 'm the one being monitored.”

These remarks emphasize the need for clear differentiation and data separation of roles so that
caregivers can effectively support patients without assuming their identity or navigating irrelevant
features. The user reviews corroborated the issues identified by the test guidelines, reinforcing their
practical relevance in real-world settings. In addition, several reviews revealed the consequences of
overlooking certain guidelines, thereby emphasizing their interrelated nature. This finding further
supports the value of our prior guidance (see Figure 10) in helping software practitioners determine
when and how to apply specific guidelines across varying design contexts.

Summary 2: Summary of Stage Two

The guideline development process followed a structured, multi-phase approach, begin-
ning with a comprehensive review of existing literature, followed by evaluation involving
both end-users and software practitioners. Feedback from 20 end-users and 43 software
practitioners informed several rounds of refinements, resulting in the removal, addition, or
modification of specific guidelines, adjustments to the specification format, and the inclu-
sion of contextual usage recommendations. The finalized output consists of nine guidelines,
organized into four groups, with accompanying guidance on how each set can be prioritized
in different design contexts. These guidelines were then applied to a case study involving
real-world mHealth applications, demonstrating their practical relevance and effectiveness
in guiding adaptation design and addressing user-specific challenges.

7 THREATS TO VALIDITY
7.1 External Validity

Stage One. For participant recruitment in the interview and focus group study, the Socio-Technical
Grounded Theory (STGT) theoretical sampling technique was employed. This approach is iterative
and supports interleaved data collection and analysis [74, 83]. As a result, the qualitative findings
of this study are not intended to be generalizable to larger populations. Instead, they provide
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in-depth insight into how individuals with chronic diseases perceive and interact with Adaptive
User Interfaces (AUIs) in mHealth applications. Future research efforts should seek to validate our
findings with more diverse populations, particularly those with lower levels of digital literacy [74].
Second, the use of a prototype in stage one may have inadvertently introduced discrepancies between
the prototyped adaptations and the practical applications. This prototype may not fully capture the
intricacies of real-world interactions, such as the dynamic interaction between adaptations and
other system functionalities or fail to account for users’ nuanced allocation of time to specific
adaptations [20, 61, 62]. These complexities are crucial to consider, as they could influence users’
perceptions and behaviors in ways that the prototype might not accurately reflect. Third, we
observed demographic differences in our user survey in stage one study with respect to nationality,
age, and the clinic population. Although we shared the survey on social media to obtain worldwide
participation, we were unable to achieve it and found that the majority of the participants (49%)
were from Australia (Table 1). Hence, similar to the observations in [158], the findings of this study
may have limited generalizability beyond the specific group of participants. Our user survey sample
exhibited a skew towards younger demographics. This demographic disparity is significant as usage
and preference patterns are likely to vary between different age groups, and older populations can
potentially exhibit different behaviors and preferences. Furthermore, it is important to acknowledge
that our study surveyed a general population rather than individuals in hospital or clinic settings.
These individuals, who regularly engage with healthcare services, may exhibit different behaviors
and usage patterns of mHealth applications compared to those of the general population with
milder symptoms.

Stage Two. The guideline evaluation study raises concerns about generalizability due to diverse
practitioner backgrounds, organizational practices, and target user groups. There are several limi-
tations identified in this case study. First, the limited number of evaluators, only two evaluators,
constrained the study, despite recommendations to use at least four evaluators for identifying most
issues [134]. Second, while both evaluators had experience in UX/UI design and front-end develop-
ment, they may not represent a broader sample of nonexpert users, limiting the generalizability of
the evaluation. Third, evaluating only four diabetes-related mHealth applications restricts the extent
of insights gained, as a comprehensive evaluation encompassing a wider spectrum of available appli-
cations could more effectively evaluate the efficacy of the guidelines. In addition, the diverse nature
of chronic diseases and user demographics complicates the creation of universal design guidelines.
The guidelines aim to be flexible and cover common needs across chronic diseases, but might lack
specificity when applied to particular diseases or specific user groups. We recommend that future
studies address these limitations by including a larger and more diverse group of evaluators and
testing the guidelines in a broader range of usage contexts and devices to improve their applicability
and robustness. Although it recognizes the importance of understanding the underlying purpose of
guidelines for individuals with chronic diseases, a detailed investigation of this topic lies beyond
the scope of this work. Future research should explore how different user-related factors, especially
in individuals with chronic diseases, impact the design of adaptations.

7.2 Internal Validity

Stage One. Within the AUI prototype, some participants experienced confusion when interacting
with specific adaptive elements. To address this, an explanatory video was included to guide users and
clarify the purpose and functionality of the different adaptations. Furthermore, we supplemented
this with detailed instructions for reference, ensuring that participants had readily available guidance
should they encounter any challenges while using the system. Similarly, we anticipated potential
complexities during the survey phase and thus provided two concrete examples of AUIs to clarify AUI
concepts for participants. We used the STGT approach for qualitative data analysis and facilitated
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extensive team discussions to review and refine our analyses, findings, and presentation, thus
mitigating potential biases. Although offering compensation to participants for their participation in
interviews and focus group studies can raise concerns about the potential of participants to provide
false information to qualify for the study [80], it should be noted that four participants declined
compensation. Instead, they expressed a preference for the funds to be allocated towards further
research endeavors. This underscores the voluntary nature of our study. The survey responses
regarding opinions on adaptations for mHealth applications may change based on their evolving
needs and experiences as users interact with mHealth applications over time, and they may also
stop using them, as long-term use of the mHealth application has always been an issue [202].

Stage Two. Software practitioners with different levels of experience in accessibility or adaptive
design can provide inconsistent feedback, and personal preferences or biases toward specific design
approaches could influence their evaluations. Furthermore, the qualitative nature of the study
introduces subjectivity, as interpretations of the guidelines may vary among software practitioners.
To mitigate this limitation, the guideline evaluation survey included two comprehension check
questions designed to assess participants’ understanding of the guidelines. Practitioners who
answered incorrectly were given the opportunity to review the question and the guidelines before
proceeding, helping to ensure more informed and consistent responses.

7.3 Conclusion Validity

We acknowledge the limitation of using a single prototype to address a wide range of chronic
diseases, as different conditions often entail varied user needs, interaction requirements, and
adaptation preferences. This choice may constrain the generalizability of the findings. However,
our approach is consistent with the common practice of including individuals with multiple chronic
diseases in research [49]. In fact, some participants in our study presented multiple chronic diseases,
mirroring real-life scenarios in which people often contend with comorbidity alongside their
primary disease [46, 91]. Involving the same participants in multiple stages of the study, interviews,
focus groups, and end-user guideline evaluations can introduce bias due to their previous exposure to
the study context. This repeated participation could influence responses and evaluations, potentially
reducing confidence in the generalization and robustness of the results.

8 CONCLUSION

This study addressed the pressing need for more user-centered mHealth applications to support
individuals managing chronic diseases. Conducted in two stages, the research began with a user
study, comprising interviews, focus groups, and surveys, to examine how users perceive and interact
with Adaptive User Interfaces (AUIs) in mHealth contexts. Insights from this stage informed the
development of a new set of guidelines, which were further refined through feedback from end-
users and software practitioners. These guidelines were subsequently validated through case
studies involving four real-world mHealth applications, with additional analysis of user reviews to
determine alignment between expert-identified issues and end-user experiences. The results suggest
that the proposed guidelines are more effective in uncovering critical usability and adaptation
challenges than the existing mHealth usability guidelines. The nine guidelines, organized into
four groups, offer software practitioners a structured framework to design adaptive features that
accommodate user variability while supporting long-term use. Several avenues remain for further
exploration. One potential avenue is the development of automated tools, design templates, or
UI component libraries aligned with the guidelines could support their practical integration into
development workflows. Another is conducting longitudinal field studies or randomized controlled
trials that could evaluate the long-term impact of guideline-based AUI implementations on user
engagement, health outcomes, and system usability.
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A  STAGE ONE: USER SURVEY QUESTIONS

Introduction: AUIs are software applications where some aspect(s) of the interface is modified to cater for different user
needs and/or preferences e.g. font or button size, colour, layout, complexity, interaction style and so on. We are researching
how AUIs can be leveraged to better cater for users with chronic diseases. As part of this survey, you will be asked to
answer questions about your perspective toward AUL On average it will take 10-15 minutes for a participant to complete
the survey. You can enter a draw for a AU$20 voucher if you complete an online survey. Your email address will not be
associated with your response since the contact information is collected in another survey. At the end of the survey, you
will also be asked to indicate whether you are interested in participating in a focus group study. You may register through
this link if you are interested in the focus group study. If you have any questions, please email wei.wang5@monash.edu.
Ethical approval has been provided by Monash University. Further details can be provided upon request.

e Section 1:Demographic questions. This section will collect your demographic information. We will not share any
identifying information that you submit. The demographic information collected is used only to assess the representatives
of the survey participants.

— In what age group are you?

— To which gender identity do you most identify as?

— In which country do you currently reside?

— What is your highest educational qualification?

e Section 2: Your health status. This section will collect your health information.

— Has a health care provider ever told you have a chronic disease?

* I have chronic disease
% Other_

— What chronic disease do you have?_

e Section 3: mHealth applications. This section will collect information for your usage for mHealth applications.

- Have you used mHealth applications before to manage your chronic disease? (The most common application of
mHealth is the use of mobile devices to educate consumers about preventive healthcare services. However, mHealth is
also used for disease surveillance, treatment support, epidemic outbreak tracking and chronic disease management.)

# Yes, I have used/currently use the mHealth application
* No, I never used before
* Other _

— What kind of mHealth application(s) have you used before?

— Why do you mainly use these application(s) for?

- How frequently do you use health applications?

— How long each time you use the app?

o Section 4:Adaptive user interface. This section will collect your perspective on the AUL An AUI is a user interface
which adapts its layout and elements to the needs of the user or context. Here are two examples of AUIs:

Exercise application (Figure 16a): The left side is a standard version of the interface, to maintain usability and readability
of the interface when the user is running, the interface automatically hide images and changes small-font and enlarge
the subtitle and two buttons [144].

PD-Helper for Parkinson’s Disease Patients (Figure 16b): Users are allowed to change the font size and other settings
in accordance with their own preferences and capabilities [92].
— Which kind of adaptation do you prefer for interface adaptation? (mHealth applications can be adapted based on
your needs in different ways. Select all that apply)
* Graphic design (layout, font size, colours and themes)
* Navigation adaptation (only specified functions can be used to provide help in special cases)
# Different persuasive strategy (to better motivate the desired behaviour change, according to different user
types)
% Content complexity (making content easy to understand and process)
* Information architecture (giving the user more freedom when navigating through large amounts of textual
information)
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Fig. 16. Two examples of applications with Adaptive User Interfaces (AUI).

Multimodal interaction (voice/text input, switching of voice/text output in different environments)
Interface elements rearrangement (removing, adding or reordering elements on the page)

Difficulty level (change difficulty level of game/exercise based on user’s motivation or performance)
Add on functions (to better assist the user in using the application, e.g. zoom function for older users)
Sound effect (adjust the volume depending on the distance of the person from the device)

Other (Please specify)

— Which kind of data do you prefer to use for your interface adaptation? (Imagine your mHealth application can be
adapted based on your characteristics and preference. Please see different types of data that can be used in adapting
mHealth applications. Select all that apply)

£

*

£

¥ % % ¥ ¥

*
*
*
*
*
*

Your role (you will perform different jobs and be in different situations

Your feedback (your likes, dislikes and preferences for the interface)

Your motivation (what motivates you to use the application)

Your interaction with the interface (e.g. number of clicks, links visited, time spent browsing, etc.)

Your game performance (scores, successes and wins in the game)

Your physical characteristics (ability to perform different activities in daily life)

Your psychological characteristics (thoughts, personality, feelings and other cognitive characteristics)
Your demographic information (quantifiable insights of users into the population such as age, gender and
education level)

Your preferences (preferred layout, input/output, theme and interface design)

Your emotions (based on emotions when using the app)

Your social activity (the extent to which you interact with others around you)

Your physiological characteristics (e.g. stress levels, heart rate, blood pressure and blood oxygen levels)
Your goals (the end state you want to achieve by using the app)

Other (Please specify)

- How do you wish your data to be collected? (Select all that apply)

¥ % %X ¥ ¥ %

*

Analysis of user behaviour through the application (checking the history of phone usage, game performance)
Analysis of activities with keyboard

Smartphone sensor (phone camera, accelerometer, GPS, microphone)

User input through the application (user manually input their interest, gender, preference)

External sensor (Kinect sensor, computer/TV camera)

Wearable sensor (pedometer, smartwatch/bracelet, medical sensors (blood pressure monitor...)

Other (Please specify)

— What level of initiative do you want to take during the adaptation you are preferred?

*

*

*

*

Manual system (allows you to manually modify certain settings of the user interface)
Automatic system (the system adjusts the user interface automatically)
Semi-automatic system (you and the system collaborate to achieve adaptation)
Other (Please specify)

e How did you hear about us?
o [s there anything else you want to tell us about this survey or our research study?_
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o Would you like us to email you the survey result? (if yes, please leave your email below)

B STAGE TWO: GUIDELINE EVALUATION SURVEY

Thank you for taking the time to participate in our survey. This study aims to validate guidelines for designing adaptive
user interfaces in mHealth applications by gathering feedback from software practitioners with experience in developing
health-related applications. The survey will assess the applicability, clarity, and practicality of the guidelines, helping us
determine their potential for integration into real-world development workflows. Important: For the best experience, we
recommend completing the survey on a desktop device. If you have any questions, please email wei.wang5@monash.edu.
Ethical approval has been provided by Monash University. Further details can be provided upon request.

o Section 1: This section is intended to gather basic information about you.

- In what age group are you?

— To which gender identity do you most identify as?

— In which country do you currently reside?

— How many employees work in your organisation?

- What is your role in the team?(tick all that apply)

# Project manager, Business consultant/Marketing manager/Sales personnel, Requirements analyst,
Software architect, Programmer, User interface or Graphical User Interface designer/developer/engi-
neer, App animator or operations developer/engineer, QA engineer, Tester, Other (Please specify)

- How many years of experience do you have in development, design, or related fields?

— Do you have experience developing health-related applications, particularly those focused on chronic
diseases?

* Yes (Please share details about your experience below.)
% Other (Please share details about your experience below.)
o Section 2: This section is intended to give you some background information of Adaptive User Interfaces.
Details in the User survey A
o Section 3: Feedback on proposed guidelines. In this section, we aim to gather your thoughts on the guidelines
we’ve developed to improve the design of Adaptive User Interfaces in mHealth applications targeting chronic disease.
Here is a link to our proposed guidelines. The subsequent questions will ask for your feedback, understanding,
and opinions regarding the proposed guidelines. Please review the guidelines thoroughly before answering the
following questions and ensure the guidelines are open in another window for reference. We have included brief
comprehension check questions in the survey to ensure that all participants are familiar with the guidelines
provided.

- Based on the guidelines you have reviewed, could you identify which guideline aligns with the following
example design? "Customizations are applied as users log into the application for the first time, modifying the
application entirely to suit their specific needs." If you’re unsure of the answer, please take a moment to reread
the guidelines before responding.

— Based on the guidelines you have reviewed, could you identify which guideline aligns with the following
purpose? "Enhance the impact of implemented adaptations and engage users seamlessly without interrupting
their normal application usage." If you’re unsure of the answer, please take a moment to reread the guidelines
before responding.

— Are you able to clearly understand and distinguish between the different guidelines?

- How do you perceive the usefulness of each individual guideline?

— Would you prefer using our proposed guidelines over existing, standalone guidelines in mHealth applications
development process?

— What are our proposed guidelines’ primary advantages (if any) to support design adaptations in mHealth
applications targeting chronic disease (Feel free to choose specific guideline numbers below if applicable)?

— Are there any limitations or threats to the proposed guidelines (if they exist) for supporting design adaptations
in mHealth applications targeting chronic disease (Feel free to choose specific guideline numbers below if
applicable)?

— What do you think could be done to accommodate these limitations/threats in the next version of the
guidelines (Feel free to choose specific guideline numbers below if applicable)?

— Please provide any other suggestions that you may have, e.g., about this research project, the developed
guidelines etc. (Feel free to reference specific guideline numbers below if applicable.)
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