
User Modeling and User-Adapted Interaction
https://doi.org/10.1007/s11257-023-09384-9

Adaptive user interfaces in systems targeting chronic
disease: a systematic literature review

Wei Wang1 · Hourieh Khalajzadeh1,2 · John Grundy1 · Anuradha Madugalla1 ·
Jennifer McIntosh1,3 · Humphrey O. Obie1

Received: 27 February 2023 / Accepted in revised form: 2 October 2023
© The Author(s) 2023

Abstract
eHealth technologies have been increasingly used to foster proactive self-management
skills for patients with chronic diseases. However, it is challenging to provide each
user with their desired support due to the dynamic and diverse nature of the chronic
disease and its impact on users. Many such eHealth applications support aspects of
“adaptive user interfaces”—interfaces that change or can be changed to accommodate
the user and usage context differences. To identify the state of the art in adaptive user
interfaces in the field of chronic diseases, we systematically located and analysed 48
key studies in the literature with the aim of categorising the key approaches used to
date and identifying limitations, gaps, and trends in research. Our data synthesis is
based on the data sources used for interface adaptation, the data collection techniques
used to extract the data, the adaptive mechanisms used to process the data, and the
adaptive elements generated at the interface. The findings of this review will aid
researchers and developers in understanding where adaptive user interface approaches
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can be applied and necessary considerations for employing adaptive user interfaces to
different chronic disease-related eHealth applications.

Keywords Adaptive user interfaces · Chronic disease · EHealth · Systematic
literature review

1 Introduction

Chronic diseases such as asthma, cardiac disease, and diabetes have become some
of the biggest challenges facing the healthcare system (WHO 2022). As reported by
the World Health Organization (WHO), chronic diseases account for 74% of fatali-
ties each year (WHO 2022). Given an increasing allocation of healthcare resources
to chronic disease management, the medical care paradigm is shifting from hospital-
based reactive treatment to long-term self-management (Talboom-Kamp et al. 2018;
di San Marco et al. 2019). eHealth technologies have been increasingly used to foster
such proactive self-management skills and to help prevent the development of sec-
ondary complications through mechanisms such as digital education, self-monitoring,
and feedback (Free et al. 2013). Numerous studies have demonstrated the value of
eHealth technology in managing chronic diseases (Paré et al. 2007). These technolo-
gies often focus on addressing particular chronic diseases and monitoring essential
physiological indicators.

However, people with chronic diseases exhibit significant diversity in their symp-
toms, condition severity, and diverse human characteristics (Harvey et al. 2012). These
individuals are often of different ages, physical and mental challenges, cultural diver-
sities, and educational attainment, all of which influence the utilisation of eHealth
systems (Luy et al. 2021). An additional layer of complexity arises from the inher-
ently prolonged nature of chronic diseases (WHO 2022; Harvey et al. 2012), coupled
with their susceptibility to various secondary complications and comorbidities (Gre-
gor et al. 2002; di San Marco et al. 2019). To cope with the variability, some eHealth
applications take the context of usage into account (Floch et al. 2018; Setiawan et al.
2019). However, some of them only apply simple predefined rule sets, or fail to take
into account the user’s unique traits and behavioural characteristics (Grua et al. 2020;
McLean et al. 2011). In this context, an Adaptive User Interface (AUI) may provide a
viable solution to contextual variability (Akiki et al. 2014) and an effective instrument
for keeping users continuously engaged and actively involved, eventually leading to
better physical and mental health outcomes (Grua et al. 2020; Floch et al. 2018).
McTear (1993) defines an AUI 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”. A key goal of an AUI is to incorporate individual user perceptions, result-
ing in more effective system use with reduced error and frustration (Vasilyeva et al.
2005; Weld et al. 2003; Luy et al. 2021). This study presents a Systematic Literature
Review (SLR) focusing on the implementation of AUIs in applications that target
chronic diseases or Risk Factors associated with Chronic Diseases (RFCD).

Some literature reviews have addressed the utilisation of AUI for eHealth inter-
ventions (Aranha et al. 2021; Gonçalves et al. 2019; Palomares-Pecho et al. 2021;
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Robinson et al. 2020; op den Akker et al. 2014; Ghislain Hachey 2012; Sanchez et al.
2018).However, several reviews exhibit limitations bypredominantly concentrating on
adapting the User Interface (UI) to accommodate one specific factor, such as a user’s
emotional state while neglecting other crucial considerations (Aranha et al. 2021;
Robinson et al. 2020). Other reviews have examined specific application domains, for
example, Ambient Assisted Living (AAL) applications (Sanchez et al. 2018), physical
activity coaching applications (op den Akker et al. 2014), applications using gamifi-
cation (Robinson et al. 2020), and rehabilitation applications (Palomares-Pecho et al.
2021). Such limitations restrict the breadth of coverage and, consequently, the appli-
cability of findings across other software domains.

In comparison, this SLR explores the depth and breadth of evidence in the realm
of AUIs within the chronic disease domain, employing a thorough and systematic
analytical approach. In addition to discussing common adaptation components, this
SLR goes further by discussing (1) applications targeting chronic diseases or RFCD
(e.g. unhealthy diet, harmful use of alcohol, physical inactivity, and obesity), (2)
a diverse target audience encompassing healthcare professionals, individuals with
chronic diseases, and those seeking preventive measures against chronic diseases, (3)
a comprehensive examination of UI adaptation properties (e.g. responsible parties for
adaptation and adapted UI elements), and (4) the inclusion of all types of software
applications (e.g. web, mobile, desktop tablet applications).

The objective of this SLR is to provide a holistic view of the existing literature on
the use of AUIs in applications that target chronic diseases or RFCD, while unveiling
patterns and trends among various AUI solutions. We organise our work around five
majorResearchQuestions (RQs) that can be directly linked to the objective of this SLR.
To answer our RQs, we systematically identified and rigorously reviewed 48 relevant
papers and synthesised the data extracted from those papers. Our effort culminated in
a taxonomy delineating important techniques and strategies characterised by distinct
types of proposed AUI solutions. The key contributions of this work include:

• a classification encompassing adaptation data sources, data collection techniques,
adaptive strategies, adaptation actors, and adaptive elements for different AUI
solutions;

• insights into the link between different adaptation proprieties and the connections
between adaptation proprieties and specific types of applications;

• providing the empirical SoftwareEngineering (SE) communitywith useful insights
about the AUI evaluation; and

• a list of key issues to guide future research endeavours aimed at facilitating the
development and utilisation of AUIs within the chronic disease domain.

The remaining sections of this paper are structured as follows. We introduce the
AUI concepts utilised in this study (Sect. 2.1), followed by an exploration of eHealth
technology’s application in the chronic disease domain (Sect. 2.2). Following this, we
delve into the process of planning and executing an SLR in Sect. 3. The resulting
analysis for each RQ is presented in Sects. 4, 5, 6, 7, 8, and 9. Section10 reports a
discussion of the synthesis of the findings. The threats to validity are discussed in
Sect. 11. In conclusion, we present our final remarks in Sect. 12.
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2 Background andmotivation

2.1 Adaptive user interfaces

The immediate point of contact between users and their software resides within the
UI. Therefore, it is crucial that users can easily communicate with the UI and interpret
UI outputs (Vogt and Meier 2010). The notion of making UI design work for a broad
spectrum of individuals is promoted by multiple UI development methodologies, such
as Universal Design (Mace 1991) and Design for All (Stephanidis 1997). However,
a UI is not independent of its context of use which is defined in terms of the user,
platform, and environment (Calvary et al. 2003). Due to the diverse nature of users,
achieving universal solutions necessitates individuals to adjust their behaviour and
problem-solving approaches to effectively engage with the UI (Norcio and Stanley
1989). Additionally, the high prevalence of smartphone use offers new and flexible
methods for interacting with information. This includes leveraging diverse wireless
sensors that provide opportunities for collecting contextual data, such as physiological
parameters (Vogt and Meier 2010). As a result, a UI initially designed for a specific
fixed context may no longer be sufficient. The adaptation of the UI emerges as a
plausible solution to address contextual variations, enabling seamless alignmentwithin
the context of use.

Depending on the allocation of adaptation responsibility, there are three key types
of adaptation: (a) Adaptability (also known as manual systems): where end-users are
granted explicit control to modify specific UI elements according to their needs (Akiki
et al. 2014; Luy et al. 2021); (b) Adaptivity (also known as automatic systems): UI
adjustments occur automatically in response to contextual changes (Harman et al.
2014; Oreizy et al. 1999); and (c) Semi-automatic systems: this approach integrates
both adaptability and adaptivity, involving collaborative adaptation efforts between
the system and end-users (Aranha et al. 2021; Mukhiya et al. 2020; Palomares-Pecho
et al. 2021). Besides the three main types of adaptation, several particular forms of
adaptation can be achieved with manual, automatic, or semi-automatic systems. For
example, personalisation, also referred to as customisation or tailoring, is a particular
form of adaptation that typically targets the UI content (Abrahão et al. 2021; Akiki
et al. 2014; Luy et al. 2021). Furthermore, certain forms of adaptation, known asmulti-
targeting UI, or multi-platform UI, enable seamless functioning on different platforms
and devices (Calvary et al. 2003; Grundy and Hosking 2002), primarily concentrating
on the technical aspects of UI adaptation. Our study includes manual, automatic, and
semi-automated systems and particular forms of adaptations (e.g. personalisation and
multi-targeting UI).

AUIs have been widely applied across various domains. In the field of educa-
tion, AUIs have found applications in learning systems to offer customised learning
experiences that cater to individual variations (Kolekar et al. 2019). Graf and Kin-
shuk (2007) introduced a system that integrates adaptivity into courses by considering
students’ individual learning styles. Several studies have explored the generation of
adaptive assessment questions based on the difficulty level and performance of stu-
dents (Brusilovsky and Sosnovsky 2005; Mangaroska et al. 2019). Moreover, Yang
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et al. (2013) introduced an adaptive personalised presentation module that integrates
various dimensions of personalised features, such as students’ cognitive style and
learning styles, to enhance the effectiveness of the learning experience. In the context
of cultural heritage, AUI techniques have been employed to design interactive inter-
faces and systems that adapt to the preferences, interests, and cultural backgrounds of
users, providing personalised and immersive experiences (Christodoulou et al. 2019;
Michalakis and Caridakis 2022). Trichopoulos et al. (2021) developed a personalised
digital storytelling system for cultural heritage sites. By leveraging context-aware and
personalisation methods, the storytelling system delivers culturally relevant informa-
tion based on user profiles, location, user movement, and behaviour.

Some studies highlight the application of AUIs in the transportation safety and
security domain. For example, Hudlicka and Mcneese (2002) developed an adaptive
framework that aimed to dynamically adjust the format and content of the system
interface. The adaptation process considers factors such as the pilot’s affective state,
personality traits, and situation-specific beliefs that could potentially impact perfor-
mance in a sweep mission task. In other research by Nasoz et al. (2010), a novel
approach was proposed to enhance driving safety through the use of multimedia tech-
nologies. This study emphasises the recognition and adaptation of a car to drivers’
emotions using multi-modal intelligent car interfaces, with the objective of improv-
ing safety and optimising performance in critical transportation contexts. AUIs have
also been employed in the workplace to improve user efficiency and performance in
dynamic working environments with evolving sensors and device integration. Bon-
gartz et al. (2012) utilised an application in the retail industry’s distribution centre as
an illustration of employing various modalities based on predefined adaptation rules.

In our SLR, we aim to investigate the application of AUIs in managing and sup-
porting individuals with chronic conditions or RFCD. As a result, studies outside the
scope of chronic disease-related healthcare applications will not be considered in our
research.

2.2 eHealth applications for chronic diseasemanagement

Chronic diseases, often referred to as Non-Communicable Diseases (NCDs) (WHO
2022), present a major challenge to health care, exacerbated in part by the continuous
rise in the numbers of people afflicted by these conditions. Medical advancements
have improved treatment outcomes, allowing many people to survive conditions that
were previously fatal (Beaglehole et al. 2008). Additionally, the ageing population
further contributes to the growing burden of chronic diseases (Abowd et al. 1999).
The management of these persistent health conditions transcends the confines of bio-
logical parameters alone, with a growing emphasis on empowering patients to take
an active role in self-management (WHO 2022). Empowering patients to self-manage
chronic disease demands the acquisition of skills and techniques tomanage their health
(Abowd et al. 1999). This has led to an increasing emphasis on developing technolo-
gies that can be applied to self-management. eHealth, for instance, encompasses a
variety of technologies including computers, smartphones, and wireless communica-
tions, providing avenues for patients to engage with their health (Talboom-Kamp et al.
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2018). For example, new technologies have been developed to facilitate medication
adherence and improve self-tracking capabilities to aid in self-management (Paré et al.
2007; Hamine et al. 2015).

However, research indicates a paradox where individuals who could potentially
benefit the most from eHealth solutions often exhibit lower usage rates (Han et al.
2010). To increase the successful deployment of eHealth applications, especially for
patientswith chronic conditions, these applications should cater to diverse user groups.
There are well-recognised challenges to doing this including: Firstly, chronic diseases
are highly heterogeneous in the way they affect patients (i.e. triggers, symptoms,
severity) (Harvey et al. 2012; Deiss et al. 2006; Audulv 2013), leading to substantial
variations in patients’ self-management requirements (Hanlon et al. 2017). Secondly,
the design of the eHealth application should take into account the phases of chronic
disease change over time (Gregor et al. 2002; di San Marco et al. 2019; Audulv
2013). Either deteriorating as per the natural history of the disease if left untreated
or improving when given the right care (Lorig and Holman 2003). In response to the
evolving physical and mental change inherent with chronic disease over time, a self-
management plan needs to be modifiable over time as well. For example, individuals
with diabetes exhibit distinct needs during the early stages of diagnosis compared to
when the condition has advanced into a chronic state. Furthermore, chronic diseases
are often associated with other comorbidities including physical and/or psychopatho-
logical disorders (di San Marco et al. 2019). For example, the trajectory of diabetes
is associated with a plethora of potential health consequences, including vision loss,
limb amputation, neuropathy, end-stage renal disease, cardiovascular disease, infec-
tions, and cognitive impairment (Vijan 2015). This association not only results in
increased use of healthcare services but also introduces a broader spectrum of user
characteristics and functional necessities(Gregor et al. 2002). Thirdly, the majority
of chronic diseases are long-lasting—generally lifelong (WHO 2022; Harvey et al.
2012)—therefore, there is a need for eHealth technologies to keep users engaged and
motivated over time. In addition to the diverse nature of chronic diseases, both health
professionals and patients are individuals with diverse backgrounds, expertise, and
different demographic, psychological, and cognitive characteristics (Vasilyeva et al.
2005; Luy et al. 2021). The diverse and dynamic nature of users with chronic disease
highlights the necessity of having the AUI, which aims to improve the interaction
between the user and UI by tailoring the UI to match users’ prevailing goals and needs
(Norcio and Stanley 1989; Akiki et al. 2014). Recent research has demonstrated the
necessity of adaptability of eHealth technologies in facilitating chronic disease self-
management (Floch et al. 2018; Grua et al. 2020). By providing these adaptations,
eHealth applications can enhance acceptance and motivation among users, thereby
promoting increased usage and engagement (Han et al. 2010; Floch et al. 2018).

2.3 Prior surveys and reviews

The focus of our study is on the use of AUIs within the domain of chronic diseases.
This section reviews the related secondary research, which includes SLRs, systematic
mapping reviews, and surveys, that explore the utilisation of AUI. Notably, the extent
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and depth of analysis of AUIs within these studies exhibit variability. Prior to our
work, there have been four existing SLR papers that discuss literature in a variety of
areas related to AUI (Aranha et al. 2021; Gonçalves et al. 2019; Palomares-Pecho
et al. 2021; Robinson et al. 2020). Gonçalves et al. (2019) conducted a SLR that
explored intelligent UIs within software systems related to the Internet of Things and
smart cities. However, that SLR is limited to discussing preliminary results and to
date, the full paper with the final conclusions remains unpublished. Additionally, two
other SLRs focused on one particular adaptation dimension, emotional state, and its
influence on the behaviour of UI (Aranha et al. 2021; Robinson et al. 2020). Another
SLR by Palomares-Pecho et al. (2021) conducted a comprehensive examination of
the literature on end-user adaptable technologies supporting rehabilitation. This is
limited as it is primarily centred on applications customised by therapists,withminimal
consideration for the role of patients.

Aswell as the SLRsmentioned above, twomapping reviews have also contributed to
the context of this study (GhislainHachey 2012; Sanchez et al. 2018). GhislainHachey
(2012) investigated web UI and its interplay with SE techniques. Although the authors
extensively explored the technical dimensions of the semantic web field, their work
does not delve into the exploration of user influence on the adaptation process. Sanchez
et al. (2018) undertook a thorough mapping of the landscape of research in intelligent
UI. While some of the literature aligns with the context of AUIs within the domain of
chronic diseases, the scope of relevance is limited due to the emphasis on AAL. One
existing survey conducted by op den Akker et al. (2014) offers a thorough overview of
the tools and methods currently being applied for tailoring physical activity coaching
applications. The survey also introduces a tailoringmodel encompassing seven distinct
tailoring conceptswithin the realmof physical activity coaching.However, the primary
purpose of this tailoring model is to illustrate how different tailoring concepts can be
combined to adapt the motivational message rather than the UI adaptation.

3 Researchmethodology

We followed the SLR guidelines and procedures in Kitchenham et al. (2022) and
the work of Watson et al. (2022) to uphold the integrity of our analysis and provide
a reproducible method. Firstly, one author developed the SLR protocol which was
reviewed by three authors to reduce bias. Our protocol identifies the key objectives of
the review, the necessary background, RQs, inclusion and exclusion criteria, search
strategy, data extraction, and analysis of gathered data. Figure1 depicts the process of
our methodology, illustrating the three main steps of our review: SLR planning, selec-
tion, and data extraction. These three steps are covered in the following subsections
with additional data in supplementary material and appendix.

3.1 Research questions

Our goal is to formulate RQs that logically guide the construction of a taxonomy of
the surveyed research, while also tackling challenges associated with the design of
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Fig. 1 Stages of SLR process

AUIs within the domain of chronic diseases. The articulated RQs for this study are as
follows:

RQ1: How are AUIs currently being used? It is necessary to understand what has
been accomplished so far in terms of AUIs for applications in the chronic disease
domain. This RQ aims to delve into several aspects, including the specific software
platforms employed by researchers, the type of solutions that have been proposed to
address pertinent health conditions, and the identification of the specific user groups
targeted by these proposed solutions.

RQ2: How is data being extracted, prepared, and used in the AUI? The basic com-
ponents of an AUI are defined by the data presented to the corresponding application
for adaptation purposes (Norcio and Stanley 1989; Akiki et al. 2014; Calvary et al.
2003). This RQ aims to obtain a taxonomy of the data used in the adaptation, how
the data is retrieved, and how the data correlates with different application domains.
Given the intricate nature of data selection and extraction, we dedicated two Sub-RQs
to explore the use of data in AUIs:

• RQ2a: What types of data are collected to generate an AUI? RQ2a investigates
many forms of data utilised in AUIs. Given the large number of applications that
currently gather data from users, it is critical to understand the sorts of data that
are being used.

• RQ2b: How is data being extracted/collected? RQ2b examines how data can be
extracted. Furthermore, data capturing techniques are frequently reliant on the sort
of data that the application seeks to extract which aids in discussing the relationship
between data collection techniques and the data obtained.

RQ3: What are the adaptive mechanisms used in generating the AUI? The adaptive
mechanisms typically consist of adaptive strategy and adaptation actor. This RQ aims
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to explore the decision-making processes that drive changes in the AUI. Considering
the different aspects of the decision-making processes, RQ3 is explored through two
Sub-RQs:

• RQ3a: What types of adaptive strategies are used to generate the AUI? RQ3a

explores the different adaptive strategies used to change the UI. We also look at
common adaptive strategy pairings and how adaptive strategies are selected for
various applications.

• RQ3b: What roles do different actors play in AUI adaptation? RQ3b examines the
different adaptation actors that trigger the adaptation process. We also investigate
the interplay between the adaptation actors, adaptation strategies, and correspond-
ing applications.

RQ4: What are the adaptive elements employed in the AUI? This RQ investigates
specific adaptations demonstrated in different applications. We aim to construct a tax-
onomy outlining the range of adaptive elements utilised, frequent combinations of
these elements, and how the adaptive elements are associated with different applica-
tion domains. Our goal is to inspire researchers to explore the utilisation of adaptive
elements in meaningful ways, effectively aligning specific adaptive elements with
suitable applications.

RQ5:How is the AUI developed and evaluated?This RQ investigates the design and
evaluation approaches used by the included primary studies. Specifically, we examine
the chosen evaluation approaches, indicators, and resulting evaluation outcomes pre-
sented in included primary studies. The findings of this RQwill aid the SE community
in comprehending the factors within the evaluation process for AUI that have been
inadequately described or overlooked. This understanding is crucial as it contributes
to the challenges encountered in validating proposed solutions.

3.2 Search strategy

Our search strategy aims to identify and collect all literature that complies with
the inclusion and exclusion criteria detailed in Sect. 3.3. A mixed search strategy
is adopted, incorporating both automatically searching through electronic databases
and manually searching through conference and journal proceedings.

3.2.1 Data sources

We surveyed and screened the search engines used in previous literature reviews in
SE (Maplesden et al. 2015; Shahin et al. 2014). The list of electronic databases we
eventually decided to search are: ACM Digital Library, IEEExplore, Springer link,
ScienceDirect, Scopus andMedline.Wiley,Compendex, and Inspecwere excludeddue
to their high overlap with other search engages. Both Compendex and Inspec overlap
with Scopus (Maplesden et al. 2015). Wiley is indexed by Scopus (Wiley 2022). We
faced certain difficulties when conducting the search. First, the SpringerLink search
engine does not support title, abstract, and keyword searches at the same time. We
either needed to search for the full text of the article or the title only. The former yielded
61,722 papers, while the latter strategy, in contrast, only returned 4 papers. To address
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Table 1 Major search terms according to PICOC criteria

Concepts Major search terms

Population (Application OR smartphone OR “smart phone” OR “cellular phone” OR
“cell phone” OR cellphone OR software OR android OR ios OR
windows OR tablet OR iPad)

Intervention (adapt* OR tailor* OR flexib* OR personali?e* OR customi?e* OR
context*-aware*) AND (GUI OR interface OR UI OR “user experience”
OR UX OR usability)

Context (health OR healthcare OR ehealth OR mhealth OR disease? OR disorder?
OR illness* OR patient?)

this issue, we followed the approach used in (Maplesden et al. 2015) and included the
top most relevant 2,000 papers returned by the full-text search. Another challenge is
the limited number of search terms allowed in ScienceDirect, which demands splitting
the search string into multiple search strings. Finally, digital libraries like ACM, IEEE,
and Medline cannot simultaneously provide the ability to limit searches to multiple
specific areas, e.g. title, abstract, and keywords combined, but Scopus can be used as
a complement to other databases because it indexes the majority of SE articles and
conferences (Kitchenham et al. 2010).

3.2.2 Search terms

PICOC criteria (Keele 2007) were used to determine the search terms, as shown in
Table 1. Instead of searching for specific chronic conditions, we employed broad
phrases from the health domain for two reasons: (1) managing an excessive number
of search terms could be challenging in certain databases (e.g. ScienceDirect), and
(2) exhaustively incorporating chronic disease search terms in automated searches
is a formidable task. It is important to note that our study selection process adheres
to the inclusion criteria to ensure that only studies relevant to chronic diseases are
included. The chosen search terms have been modified and refined to fit each search
engine since the chosen digital libraries have different constraints and their own unique
search syntax. To ensure optimal results, multiple iterations of trial searches were
conducted across six online databases. As part of this validation process, a set of 10
papers was randomly selected from each database, allowing us to verify the relevance
and appropriateness of the compiled list of studies for our review.

3.3 Inclusion and exclusion criteria

Some studies do not offer the necessary information to find the answer to our RQs.
The inclusion and exclusion criteria we used are applied to all retrieved studies from
databases and they are systematically applied at different stages of the selection pro-
cess.

• I01: Full-text papers published as journal or conference papers that focus on AUIs
in eHealth applications targeting chronic disease.
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• I02: Entire papers are written in English and use academic literature references.
• I03: The study must be available in full text and published in a renowned digital
library.

• E01: Grey literature, Workshop articles, posters, books, work-in-progress propos-
als, keynotes, editorial, secondary, or review studied.

• E02: Short papers less than four pages, irrelevant and low-quality studies that do
not contain a considerable amount of information for AUI to extract.

• E03: Extended or recent journal version is available (from same authors) on the
same work.

• E04: Papers related to eHealth application using AUI that do not discuss chronic
disease.

• E05: Papers that solely describe the recommendation system or discuss the inter-
face in virtual reality (VR) and augmented reality (AR).

The exclusion criterion E04 covers a wide range of chronic diseases, adhering to
the chronic disease classification provided by the WHO (2022). Notably, autism is
regarded as a chronic disease in this SLR, aligning with current recommendations
proposed by Davignon et al. (2018).

The exclusion criterion E05 pertains to papers that solely focus on either VR/AR
or recommendation systems. While recommendation systems and AUI may exhibit
some overlap in terms of personalisation (Akiki et al. 2014; Isinkaye et al. 2015),
they address distinct aspects of user interaction and customisation. Consequently,
papers exclusively discussing the recommendation system are excluded. Furthermore,
VR/AR user interfaces and normal user interfaces significantly differ in terms of
user interaction and presentation. Consequently, to maintain the specific scope and
objectives of our study, papers solely discussing VR and AR solutions are excluded
from our study.

3.4 Study selection

Figure 1 shows the number of studies retrieved at each stage of this SLR. The selection
of primary research was performed using predetermined inclusion and exclusion cri-
teria (see Sect. 3.3). From the first stage to the final screening, the essential records of
the papers were kept in Excel spreadsheets and the Mendeley library. Separate sheets
were kept in Excel to keep track of the selection decisions for each phase. By adopting
these techniques, the consistency of the inclusion and exclusion criteria could be ver-
ified. Additional data for the selection process are given in supplementary material.
The selection process is effectively divided into four phases:

Phase 0: We ran the search string on the six digital libraries and retrieved 7,145
papers after removing the duplicates.

Phase 1: Publications found during the initial search were assessed for their suit-
ability based upon analysis of their title and abstract. Studies were then transferred
to the next round of screening for further investigation whether it was not possible to
decide by reading the titles and abstract. At the end of this phase, 310 papers were
selected.
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Phase 2: Publications selected during Phase 1 went through a more thorough anal-
ysis (by skimming the introduction, methodology, and results). Twenty-three papers
were chosen as a random sample andwere reviewed by two co-authors. Two co-authors
and the first author agreed on the study selection in over 75% of the studies. Disagree-
ment was easily resolved through discussion with the third author. As a result, 57
papers were later included. Then we applied both backward and forward snowballing
techniques (Wohlin 2014) and found a total of 18 potentially relevant papers. This
phase resulted in 75 papers.

Phase 3: Publications selected during Phase 2 were engaged in full-text screening.
We excluded several papers beyond the planned scope and do not provide sufficient
data to answer our RQs. At the end of Phase 3, we selected 48 papers for review.

3.5 Study quality assessment

Each publication in the final set was assessed for its quality. The quality assess-
ment(QA) procedure occurred at the same time as the extraction of relevant data to
ensure that the findings of each individual study added substantial value to the SLR.
A set of study quality assessment questions are listed in Table 8 in Appendix A.2.
These questions were adopted and adjusted from (Keele 2007). Each paper was then
assigned a categorisation score ranging from 1 to 3, denoting low to high quality, based
on responses to the QA questions.

3.6 Data extraction and synthesis strategy

To answer RQ1–RQ5 and facilitate the data extraction process, we used the data
extraction form in Table 7 in Appendix A.1 to collect necessary information from the
included studies. Additional data for the data extraction process are given in supple-
mentary material. In this study, the data extraction procedure was divided into three
phases.

Phase 1: Data extraction employed a Google Form, refined over three iterations
by extracting data from a single paper per database. Iterations focused on enhancing
extraction question formulation and structural clarity for the form.

Phase 2: After the questions and extraction form were finalised, the Google form
was then sent to three co-authors for the same extraction for 6 papers. Then we did a
comparison to check whether there were any conflicting extracted information until
all conflicts were resolved. Agreement about coded items before reaching consensus
is quantified by using the per cent agreement (Hsu and Field 2003). It is important to
highlight that the agreement is only assessed for the most critical data (e.g. adaptive
strategy, adaptive elements, etc.). Our overall per cent agreement is 82% with only a
small number of outlier scores.

Phase 3: After further discussion and consensus on the disagreements, the first
author, under the close supervision of the second and third authors, re-extracted the data
from the previously reviewed studies aswell as the remaining 42 studies. The reliability
of our data extraction method was also checked during the extraction process. In the
case of finding recurrent disagreement concerning certain data, we adjusted the coding
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Table 2 Number of included studies for each study selection phase

Digital library Phase 0 Phase 1 Phase 2 Phase 3 % of all relevant studies

ACM 653 72 11 6 13

IEEE 645 57 10 5 10

Medline 1523 45 6 5 10

ScienceDirect 1273 29 5 4 8

Scopus 1147 35 15 10 21

SpringerLink 1913 72 10 4 8

Snowballing 0 0 18 14 29

All libraries 7154 310 75 48 100

instructions accordingly. All extracted data were kept in a spreadsheet, which allowed
for quick reference while drafting the report.

The essential information, including demographic data, answers to RQs, and QA
scores, was extracted and compiled into a data extraction sheet. Both qualitative
and quantitative methods were employed for data synthesis. The quantitative anal-
ysis involved univariate and multi-variate frequency distribution analysis, using tools
such as Python andMicrosoft Excel pivot tables for visualisation. Qualitative analysis
followed an open coding methodology consistent with constructivist grounded theory
(Charmaz 2014), consisting of initial coding and focused coding to build a taxonomy
on the use of AUI (Stol et al. 2016). The coding process was performed by multiple
authors and resulted in the formation of the taxonomy, which is further detailed in
Appendix A.3.

4 Overview of included studies

In this section, we present a concise summary of the included studies, focusing on
study demographics analysis. Table 2 provides an overview of the primary studies
with respect to their source of database. Notably, the highest percentage of relevant
studies (10 studies, 21%)was found inScopus,whereas snowballing yielded the largest
number of relevant studies (14 studies, 29%). Table 9 in Appendix B.1 lists the 48
primary studies in our review.

From these results, we found that a significant amount of research comes from
academia, i.e. 73% of papers, followed by a small amount of research (17%) from
industry–academic collaborations. There are limited studies from government initia-
tives (4%) and industry (6%). To date, most applications with AUI seem to be confined
to academia. Most included studies met QA criteria with clear objectives and contex-
tual information. However, improvements are needed in describing the AUI, reporting
outcome analysis, and providing comprehensive findings, limitations, and future work
statements. The subsequent sections present an in-depth analysis and responses to our
five RQs.
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Fig. 2 Number of articles selected per year of publication and type of health-related issues

5 RQ1: How are AUIs currently being used?

RQ1 focuses on exploring the application of AUIs in the domain of chronic diseases.
Of the 48 papers, the majority of the included studies are from European countries
(66%), followed by Canada (11%). Figure2 provides a visual representation of the
distribution of chronic diseases covered in these 48 primary studies spanning a period
of 21 years. The distribution of papers from 2000 to 2021 shows a relatively even
distribution, with two minor exceptions. Notably, there is limited research conducted
between the years 2000 and 2007. This can be attributed to the early introduction of
smartphones in 2006, where the focus was primarily on core ideas and concepts rather
than AUI (Zhang et al. 2022).

The use of AUIs in applications for chronic diseases gained traction in 2012, with a
substantial increase in the number of related papers. This period also sees an expansion
in the range of targeted chronic diseases, encompassing conditions such as stroke,
RFCD, ageing, and autism. However, RFCD and stroke have consistently remained
the most prominent areas of study over the years. While there appears to have been a
decrease in interest in AUI research after 2017, this SLR incorporates recent relevant
studies that contribute to the field.

5.1 Types of software application

A key finding in our SLR study, which is also mentioned in other secondary studies
(Mukhiya et al. 2020; Sanchez et al. 2018; Palomares-Pecho et al. 2021), is that
most AUI are available on mobile applications (18 studies, 57%) and web-based
applications (14 studies, 29%) (see Table 3). This can be attributed to the popularity
and wide user base of these platforms, making them ideal for AUI implementation.
There is also a large number of papers that do not explicitly mention what type of
application they proposed (11 studies, 23%). Only a small number of studies explore
tablet-based applications (4%), desktop applications (2%), and bracelet applications
(2%),which can be explained by the capability of these platforms. For example, a study
that uses a bracelet application as the interface to communicate with the user might
be hindered by screen size, thereby limiting the quantity and quality of information
presented (S32).
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5.2 Types of solution

Our included studies primarily focus on the development of specific applications,
which we categorised based on their primary objectives. Four papers (S14, S27, S34,
and S35), for instance, fall under the category of adaptive algorithms/techniques,
although other studies also include algorithms/techniques in the discussion of the
application’s implementation. A portion of the papers’ proposed methodologies or
frameworks for generating AUI (15%) is categorised as Approach. One study intro-
duced a tool specifically designed to enhance the adaptability of existing applications
(S5). The majority of studies (75%) proposed different types of applications, with
a notable emphasis on health-promoting and self-monitoring (HealPM) applica-
tions (23%), followed by game applications (17%). The remaining articles covered
informative, communication, assistive, rehabilitation, and healthcare information
management (HIM) applications, each constituting smaller percentages of the overall
distribution.

5.3 Type of target users

Among the 48 studies, two primary categories of target users are identified, alongside
the target users to whom the applications are adapted. It highlights that applications
do not universally cater to all app users, contingent upon factors such as user roles and
tasks performed through the application. As Table 3 shows, the first type of target users
is the general publicwho have chronic diseases orwho are eager to prevent RFCD. The
other type is healthcare professionals who are responsible for overseeing, monitoring,
or managing the health status of other users. 46 of the included studies (81%) adapted
the UI for the general public users, while the remaining 2 studies focus exclusively on
adapting it for healthcare professionals. Furthermore, 7 studies (15%) are designed to
target both user groups, with 4 of them solely focusing on adapting for the general
public (S2, S13, S15, and S21). This trend can be attributed to the engagement of health
professionals in these applications, primarily serving as supervisors and monitors for
other users (Mukhiya et al. 2020). As a result, there has been a reduced demand
for adaptation catering to health professionals. It is worth noting that the target age
groups of applications varied among the studies, with older adults being the most
prevalent (13 studies, 27%), followed by specific age groups such as children, adults,
and adolescents in a limited number of studies. However, it is crucial to emphasise that
the reporting of demographic information about target audiences in the literature is
generally lacking, with over half of the articles (58%) omitting this information. This
observation also suggests that the application is designed to accommodate a diverse
range of users, irrespective of their age.

6 RQ2: How is data being extracted, prepared, and used in the AUI?

In this RQ, we analysed the data types that are modelled and used by various AUIs.
The objective of our analysis is to understand the various types of data used, and how
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the data is collected/extracted. These insights lay the foundation for future research
advancements in the effectiveness of using different data sources to develop AUI.

6.1 RQ2a:What types of data are collected to generate an AUI?

The user, platform, and environment that make up the context of use can be seen as
key elements in facilitating the adaptive behaviour of the system (Akiki et al. 2014;
Calvary et al. 2003; Norcio and Stanley 1989). To analyse the types of data being used
for generating the AUI, we provided a high-level classification, along with descriptive
statistics, outlining the utilisation of specific data types within certain application
contexts. Table 4 provides an illustration of different data types used in all included
studies, revealing two main types of data sources: environmental data and user data.

6.1.1 User data

User data is categorised into three subcategories as follows:
User characteristics.A fundamental requirement for any AUI system is the ability

to characterise and differentiate between various end-users (Norcio and Stanley 1989).
In our included studies, the most preferred user characteristics used in generating an
AUI belong to the user’s physical characteristic (35%), user’s physiological charac-
teristic (29%), and user’s preference (29%), respectively. For example, regarding the
physical characteristics, the user’s physical baseline level (weight, height and physical
limitations) or actual physical activity level informs difficulty adjustments for exer-
cise (S3, S4, S5, and S6) or game (S27 and S8). These data are also harnessed for
customising training plans (S21 and S39) or modifying graphic design to motivate
sustained physical activity (S19, S33, S36, etc.). Physiological data addressed in the
included articles range from heart rate data (S3, S5, S11, etc.), medication treatment
(S18), blood glucose level (S20), health impairments (S1 and S18), disease details
(S27, S24, S39, etc.), and the blood oxygen level (S42).

The remaining identified subcategories of user characteristics belong to user’s
demographics (15%), user’s psychological characteristics (8%), and user’s social
activity (4%). Notably, cognitive features (S5, S12, and S43) and personality traits
(S10) predominantly underlie studies exploring psychological characteristics. In terms
of demographic characteristics, age (S1, S24 and S27), gender (S27), and literacy (S15,
S17, S24, S26 and S47) are themost employed data points. Each of these subcategories
specifies one dimension of the user characteristics. Our analysis further demonstrates
that over 80% of included articles incorporate at least one of the user characteristic
subcategoriesmentioned earlier, with a notable percentage of studies (29%) employing
multiple subcategories to gain a deeper understanding of users.

Interaction-related. An AUI must be able to track user interface interactions to
provide the assistance that is appropriate for the context and the specific user (Norcio
and Stanley 1989; Akiki et al. 2014; Calvary et al. 2003). Among the identified sub-
categories of interaction-related data, user’s performance in the game (31%) emerges
as the most prevalent. The remaining subcategories are divided into user’s interac-
tion with the interface (10%), user’s emotions (8%), and user’s feedback (4%). Our
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analysis also explores the diversity of interaction-related data dimensions. The find-
ings reveal that approximately half (48%) of the examined studies incorporate at least
one of the above interaction-related subcategories. Moreover, five articles (8%) lever-
age data from multiple interaction-related subcategories to comprehensively capture
interaction intricacies.

Task specific. Users can either explicitly define their roles, responsibilities, moti-
vating factors, and goals within the application or allow the system to infer them. We
categorise task-related data into the three subcategories: user’s roles (4%), goals (4%),
and motivations (6%). Among the examined studies, 6 included studies (12%) use at
least one of the above task-specific subcategories.

6.1.2 Environmental data

In addition to the data from the user, the adaptive system should learn about itself. This
involves knowledge about physical devices (e.g. phone, tablet, laptop, etc.), operating
systems, and various software applications (e.g. web, desktop, rich Internet applica-
tion, etc.) (Calvary et al. 2003; Akiki et al. 2014). At the same time, the environment
in which the device operates contributes to the usage context, and we collectively refer
to the above knowledge of the system itself as environmental data. While limited stud-
ies mention adaptation to environmental data, certain articles address aspects such as
device type (S18), operating platform (S13), environmental conditions (S12 and S28),
and display size (S12, S13, and S25).

6.1.3 Coupling user data

Among the primary studieswe included, themajority of the studies (58%) use only one
type of user data.Within this group, around 75% solely incorporate user characteristics
data, while the remaining 25% focus solely on interaction-related data. A substantial
portion of studies (42%) use more than one type of user data to enhance their under-
standing of users. Among studies employing multiple user data sources, 16 articles
(30%) address user characteristics and interaction-related data concurrently. The most
common combination involves user’s physical characteristics (user characteristics)
and user’s performance in the game (interaction-related) data (12%). Additionally, in
10% of cases, user characteristics are coupled with task-specific data. The combi-
nation of user characteristics and interaction-related data seems to be the most used
approach in user profiling. Notably, task-specific data is not used independently across
all the examined studies.

6.1.4 User data and application types

Along with the user data captured, it is critical to comprehend how user data relates
to the specific application. Figure3 shows a bubble chart of various types of user data
according to the application to which they are applied. The frequency of a certain com-
bination of categories is indicated in each bubble. However, unlike previous review
studies (Aranha et al. 2021; Palomares-Pecho et al. 2021; Sanchez et al. 2018), we
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Fig. 3 Bubble chart for user data, data collection techniques, and type of solution

Fig. 4 Taxonomy for data collection technique

added a third dimension to our bubble charts: a legend with a colour scale that indi-
cates the average study quality score of all papers in a given bubble. Examining this
figure, we found that the user characteristics data is the preferred type of user data
used in all kinds of applications, particularly in rehabilitation and HealPM applica-
tions. Interaction-related and task-specific data have a similar pattern of usage across
different applications as user characteristics.

6.2 RQ2b: How is data being extracted/collected?

In RQ2b, we explored data collection techniques employed to gather and extract user
data. Our investigation into this Sub-RQ leads to the establishment of a taxonomy
centred around data collection techniques (see Fig. 4). Building upon the work of
Aranha et al. (2021) and Hurst et al. (2012), we categorised data collection techniques
into two primary groups: those based on visible input and those based on invisible
input. Visible input data collection techniques can be observed with the naked eye

123



W. Wang et al.

without the aid of a computer or other technical resources. In turn, invisible input-
based data collection techniques mainly involve the analysis of signals and electrical
impulses, often requiring specialised sensors for data capture.

6.2.1 Data collection techniques based on visible input

This category involves the acquisition of user datawithout direct engagementwith sen-
sors. In general, visual input is collected by asking the user to answer some questions
or by allowing the user to manually change settings and preferences during applica-
tion usage (Hurst et al. 2012; Aranha et al. 2021). Among the included studies that
use visible input, user input through application is by far the main visible input for
collecting all types of data, with 30 studies (63%) using this approach. This approach
includes subcategories like questionnaires (S2, S5, etc.), configuring settingsmanually
(S4, S13, etc.), and inputting health/physical data manually (S6, S18, etc.). Another
way to use visible input is to use user behaviour data, which accounts for 27% of
the included studies. Examples of common forms of behaviour data analysis include
examining phone usage patterns (S9, S13, etc.) and assessing user performance in
games (S7, S8, etc.). Two studies obtain user information based on activities with a
mouse and keyboard (S31 and S38).

6.2.2 Data collection techniques based on invisible input

Apart from the visible input, the invisible input-based data collection technique enables
seamless data collection without disrupting the user’s natural interactions (Hurst et al.
2012; Aranha et al. 2021). It offers continuous monitoring and alleviates user burden,
thereby complementing the capabilities of visible input-based data collection tech-
niques. In the identified studies, the invisible input-based data collection techniques
consist of embedded sensors and external sensors:

Embedded sensors. Embedded sensors are usually physically placed in the envi-
ronment, near the object they monitor, to measure object movement, physiological
signals, and environmental variables (Heidemann and Govindan 2004). The appli-
cation of embedded sensors is predominantly embedded sensors, with 20 (42%) of
the articles deploying embedded sensors. Among these embedded sensors, medical
sensors and smartphone sensors stand out as the most frequently utilised, account-
ing for 19% and 17% of the included studies, respectively. Smartphone sensors are
employed in various ways, including the phone camera (S20, S32, and S36), micro-
phone (S9 and S20), and accelerometers (S6, S9, etc.). A diverse range of medical
sensors (19% of studies) are utilised, encompassing heart rate monitors (e.g. S3 and
S5), pulse oximeters (S42), glucose monitors (S20 and S41), electrodermal activity
sensors (S32), electrocardiograms (S11 and S32), and blood pressure monitors (S29).
Additionally, a subset of studies (14%) employed standalone gait and movement mea-
surement sensors (e.g. S39 and S43).

External sensors. External sensors are used to capture the user’s pose, salient body
parts, and related objects, and they are less prevalent in all of our included studies
compared to embedded sensors (Delahoz and Labrador 2014). Among the external
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sensors, the Kinect sensors (e.g. S8 and S35) and Webcam (e.g. S4) are primarily
employed for detecting user motion.

6.2.3 Coupling data collection techniques

Among the studies that reported their data acquisition techniques (92%), 20 studies
(42%) used only one data collection technique. Of these, themajority (70%) employed
data collection techniques based on visible inputs. A significant number of studies
(38%) used two types of data collection techniques, and 13% used three types of data
collection techniques. For studies that employed multiple data collection techniques,
8 articles (16%) collected data through user behaviour data and user input through
application. Furthermore, we found that these two data collection techniques were
always used together with invisible input-based data collection techniques. This can
be explained by the fact that using techniques based on both visible and invisible
inputs can identify the needs of the user more accurately and thus improve the quality
of adaptation (Aranha et al. 2021). It is also possible that these studies consider users’
reluctance to spend extra time and effort providing information to the system, as well
as the possibility that user-provided information may not always be accurate (Budzik
and Hammond 2000). Data collection techniques based on invisible input where the
user is not directly involved in the information-gathering process can overcome some
of the limitations.

6.2.4 Data collection technique and user data

To understand the relationship between different data collection techniques and user
data, we computed a bubble chart with bivariate distribution (see Fig. 3). Our analysis
reveals a strong interdependence between different categories of data collection tech-
niques and types of user data. We observed that user input through applications is by
far the dominant method for collecting data on a wide variety of user data. This finding
aligns with the expectation that user input serves as the primary technique, constituting
60% of the studies, for acquiring user data in various contexts. In addition, user char-
acteristics such as user’s preferences (28% of studies), physical characteristics (14%
of studies), and physiological characteristics (12% of studies) are the most popular
user data collected through user input. This indicates that researchers predominantly
rely on user input to capture and extract such intricate user characteristic data, which
might be challenging to acquire through alternative data collection techniques (King
et al. 2013; Pulantara et al. 2018).

Figure3 also shows that the external sensors and data collection techniques based
on visible input are primarily used to capture the user’s performance in the game.
Another notable trend we observed is that both invisible and visible input-based data
collection techniques can be employed to gather a wide range of interaction-related
and user characteristic data. For example, user performance data in a game can be
collected using the Kinect sensors or by monitoring user interactions. Conversely,
task-specific data can only be acquired through techniques based on visible inputs.
This discrepancy can be attributed to the inherent difficulty in collecting task-specific
data through alternative means (King et al. 2013).
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7 RQ3: What are the adaptivemechanisms used in generating the
AUI?

In this section, we focus on the adaptive mechanism covering two key components of
the AUI: the adaptive strategy and the adaptation actor. Our objective is to empirically
establish whether specific adaptive strategies are commonly associated with particular
application types. Furthermore, we explore the involvement of users during the adap-
tation process and aimed to develop a taxonomy that encompasses different adaptive
strategies, their correlation with adaptation actors, and their association with different
applications.

7.1 RQ3a:What types of adaptive strategies are used to generate the AUI?

Among the studies included in our SLR, we identified a range of adaptive strategies
employed for delivering AUI. To organise and categorise these strategies, we utilised
the classification proposed by Mukhiya et al. (2020). Three adaptive strategies are
identified:

• Rule-based adaptation: The adaptation process in a rule-based approach is
characterised by its ability to modify behaviour based on predefined rules. This
approach offers transparency in monitoring the executed adaptation actions, pro-
viding a notable advantage of facilitating themodification of the adaptation process
with ease. (Mukhiya et al. 2020; Jokste and Grabis 2017) (S1, S2, S3, S4, S5, S6,
S7, S8, S9, S10, S11, S12, S13, S15, S16, S17, S18, S19, S20, S21, S24, S25, S28,
S29, S30, S33, S36, S37, S39, S41, S42, S44, S45, S46, S47, and S48).

• Predictive algorithm-based adaptation: Predictive algorithm-based adaptation
leverages the power of artificial intelligence (AI) techniques to construct sophis-
ticated and objective algorithmic models. These models are specifically designed
to analyse user data and generate a comprehensive range of predictions.(Mukhiya
et al. 2020). (S9, S14, S19, S27, S31, S32, S34, S35, S37, S38, S39, S40, and S46).

• Adaptation through a feedback loop: Adaptation through feedback loops is
an iterative mechanism employed by systems to dynamically adjust and refine
their behaviour based on feedback from the environment or users. This approach
involves four essential activities: data collection, analysis, decision-making, and
action. Data is gathered from the system and its context, analysed to identify pat-
terns and symptoms, and used to inform decision-making and subsequent actions
(Krupitzer et al. 2015; Mukhiya et al. 2020; Macías-Escrivá et al. 2013; Brun et al.
2009). By continuously adapting, the system can optimise its performance over
time and align with desired goals or objectives. (S2,S13, S19, S34, and S37).

According to our findings, 92% of the studies report the adaptive strategy they
used. Thirty-six studies (75%) mention that they used rule-based adaptation. The
event–condition–action rules, commonly express in the IF–THEN–(ELSE) format,
are the most prevalent semantic form of rules in rule-based adaptation systems. For
example, in S2, a proposed autism game incorporated visual cues and exciting sensory
feedback, such as small firework explosions, to reinforce correct answers. The level
of reinforcement is automatically adjusted based on the child’s performance. Initially,
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the system provides high reinforcement at each round of the game. After achieving a
streak of 5 correct answers in a row, the reinforcement decreases to every other trial. In
the case of errors, the system reverts back to states that offer increased reinforcement.
Similarly, in S5, users have the ability to personalise features through the utilisation
of trigger–action rules. For instance, if the individual’s age exceeds 80, the font size
is automatically increased.

Several studies employed either custom rule languages or adapt existing rule lan-
guages to suit their specific needs. For example, in S4, S6, S7, and S8, the activity
or performance level thresholds were customised to adjust the difficulty level of the
exercise or game. In S6, the physical activity coaching app integrated a rule-based
module that aligns training session objectives with established principles of linear
progression training (American College of Sports Medicine 2013). This module con-
siders the user’s baseline level, progress, perceived fatigue level, and session difficulty
level to dynamically adjust the goals and objectives in a personalised manner. In S39,
a fuzzy system was employed to dynamically monitor the execution of rehabilitation
exercises based on constraints specified by the therapist during configuration. The
therapist has the ability to assign a severity level to each constraint, which determines
its importance and triggers a corresponding interface adaptation.

Predictive algorithm-based adaptations are employed in 13 studies (27%). In S14,
an evolutionary algorithm-based optimisation strategy was employed to dynamically
adjust the difficulty level of serious rehabilitation games. This approach involves peri-
odic evaluations of the player’s perceived difficulty level and subsequent adjustments
made within the game to maintain an appropriate level of challenge. In S31, a Monte
Carlo tree search algorithm was utilised to perform simulations and identify the best
decision among rehabilitation game task sequences, enabling the creation of multiple
difficulty modes. Another study (S35) introduced a personalised difficulty adjustment
technique utilising reinforcement learning. This technique enables the modification
of game properties related to difficulty parameters, such as altering the speed of mov-
ing characters within the gaming environment. In S39, the Quest Bayesian adaptive
approach was employed to dynamically adjust the gameplay based on the patient’s
current performance and progress. It is worth noting that certain papers (S27, S38, and
S40) did not explicitly specify the algorithms used for adapting the difficulty level of
the game.

Apart from adapting to the difficulty level of the game, S32 incorporates robust
Convolutional Neural Networks (CNNs) to accurately detect and recognise the user’s
emotions. This information is then utilised to generate an adaptive emotional repre-
sentation within the UI. The adaptive emotional representation is derived from sensor
data and the historical evolution of the cognitive assistant platform, which is designed
to support active ageing in individuals. In S19, data mining algorithms were utilised to
analyse user data obtained from questionnaires and user diaries, enabling the profiling
of the user as a gamer and enhancing their overall enjoyment and satisfaction with the
health-promoting system designed for teenagers. In S37, decision trees were utilised
to classify users based on the values of various attributes, including their interactions
with the system and heart rate. By categorising users into different classes, the study
created a set of preferred interface configurations tailored to each user type.
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A small proportion of studies use adaptation through a feedback loop approach,
representing 7% (3 studies) of the included studies. S2 introduced a method for adapt-
ing study quiz prompts to align with specific teaching concepts. The system employed
continuous monitoring of the user’s quiz performance and dynamically generated
diverse prompts tailored to the individual’s needs. In the case of an assistive appli-
cation designed for the elderly (S13), the system incorporated a tracking mechanism
to identify the user’s most frequently accessed elements over a period of two weeks.
Based on this information, the system dynamically rearranges the elements within the
interface. This iterative process of monitoring and adaptation ensures that the interface
remains responsive to the user’s preferences and evolving needs. In S34, a rehabilita-
tion game utilised more than just algorithmic approaches to adapt the difficulty levels.
These games incorporate a feedback mechanism that gathers user feedback through
a logistic-type Likert scale. This scale enables users to express their impressions of
the previous game session, including factors such as boredom, motivation, and stress
conditions. By incorporating this feedback, the game aims to enhance its adaptive
strategies and optimise the overall user experience.

Of the studies that reported adaptive strategies, the majority (71%) employ a sin-
gle strategy to accomplish the required adaptation. Among the single-strategy studies,
rule-based adaptation (79%) is themost prevalent adaptationmethod,while the remain-
ing 20% of the studies used adaptive methods based on prediction algorithms. The
popularity of rule-based adaptation can be attributed to its relative simplicity compared
to other complex adaptation strategies (He et al. 2006).

7.1.1 Coupling adaptive strategy

For the studies that employ multiple adaptive strategies, 6 articles (12%) using rule-
based adaptation also use predictive algorithm-based adaptation. In 7% of the included
studies, rule-based adaptation is accompanied by adaptation through a feedback loop.
Therefore, it appears that the combination of rule-based adaptation with other adaptive
strategies is predominantly employed in studies involving AUI. The utilisation of a
feedback loop approach for adaptation is consistently accompanied by other strategies,
indicating that this approach is rarely employed in isolation.

7.1.2 Adaptive strategies and applications

Figure 5 delineates a bivariate distribution of various types of adaptive strategies
according to the application to which they are applied. Examining this data, we found
that rule-based adaptation is by far the leading adaptive strategy for various kinds of
applications. We also observed that adaptation through a feedback loop and predic-
tive algorithm-based adaptation have mostly been used in rehabilitation applications,
HealPM applications, and exercise game applications. One possible reason for this
observation is that these applications require the ability to dynamically adjust the
difficulty level of the game or rehabilitation exercises in order to sustain the user’s
motivation (S3, S6, S7, and S14). At the same time, it is crucial for the exercise game
to ensure that the actual outcome of the workout aligns with the user’s expectations
regarding their motor skills (Muñoz et al. 2019; Skjæret et al. 2016). Consequently,
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Fig. 5 Bubble chart for adaptive mechanism and types of solution

the application may prompt the user for feedback and make adaptations accordingly
to maintain a desirable user experience.

7.2 RQ3b:What roles do different actors play in AUI adaptation?

For RQ3b, our primary focus is exploring the involvement of the user in the adaptation
process. To investigate this, we have categorised the adaptation into three categories
(manual systems, automatic systems and semi-automatic systems) based on whether
the system or the end-user takes the initiative for adaptation, as discussed in Sect. 2.1.
Our analysis shows that nearly half (48%) of the papers employed the automatic system
approach to construct the AUI (S2, S5, S7, S9, S11, S12, S17, S18, S20, S24, S26,
S29, S31, S32, S33, S35, S36, S38, S40, S41, S42, S44, and S45). On the contrary,
few studies(15%) reports the use of manual system approach (S1, S10, S15, S16, S22,
S23, and S47). Notably, the semi-automatic systems approach features in 18 studies,
constituting 38% of all included studies (S3, S4, S6, S8, S13, S14, S19, S21, S25,
S27, S28, S30, S34, S37, S39, S43, S46, and S48).

7.2.1 Adaptation actor and applications

We observed certain trends between the adaptation actors and their associated appli-
cations, as depicted in Fig. 5. A prevalent pattern is the utilisation of semi-automatic
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system and automatic system across a spectrumof applications. This pattern alignswith
expectations, as manual systems place the entire responsibility of adaptation solely on
the user (Norcio and Stanley 1989). Moreover, empirical evidence suggests that users
often struggle to effectively navigate the adaptable features ofmanual systems, leading
to infrequent usage (Norcio and Stanley 1989; Oppermann 1994). We also observed
an imbalanced distribution of studies utilising automatic systems, with a higher pro-
portion observed in rehabilitation applications, persuasive game applications, and
HealPM applications. In these types of applications, user engagement and active par-
ticipation play a significant role in facilitating desired outcomes, such as improving
rehabilitation progress, motivating behaviour change, promoting health, and enabling
self-monitoring, automatic systems are advantageous. These systems seamlessly adapt
to user needs and preferences based on collected interaction data, thereby bolstering
user participation and maximising the efficacy of these applications (Harman et al.
2014; Oreizy et al. 1999). As a result, the utilisation of automatic systems becomes
particularly advantageous in application domains where user engagement is a key
requirement for successful achievement.

7.2.2 Adaptation actors and adaptive strategy

We also analysed the relationships between adaptive strategy and different adaptation
actors within a given application. Applications that adopt adaptive strategies, such as
predictive algorithm-based adaptation or adaptation through a feedback loop, tend to
align with the realm of automatic or semi-automatic systems. This stems from the
inherent attributes of these strategies that require complex user input and regular UI
adaptation. Such processes are more efficiently automated rather than being reliant on
user operation. For example, tasks such as adjusting the difficulty level andmaintaining
user performance at an acceptable level demand constant extraction, processing, or
calculation of data, better handled by automated systems.

Additionally, users often lack the necessary knowledge and expertise to modify the
interface andmay be unaware of the possibility or potential benefits ofmaking changes
themselves (Norcio and Stanley 1989). Another correlation we observed is the diverse
nature of interface adaptation through rule-based adaptation. In this approach, users
have the flexibility tomanually adjust the parameters for different variables, prompting
corresponding changes in the interface. Conversely, certain solutions employ dynamic
interface changes automatically driven by system-defined rules (He et al. 2006).

8 RQ4: What are the adaptive elements used in the AUI?

The objective of this RQ is to explore the current utilisation of adaptive elements and
examine their usage in various health-related applications. We categorise the adaptive
elements into three main groups: presentation adaptation, content adaptation, and
behaviour adaptation (as shown in Table 5). The subcategories within these main
adaptive elements, discussed in this section, represent the most prevalent findings
among the included articles, which may not necessarily encompass all possible clas-
sifications in the field.
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8.1 Types of adaptation

Behaviour adaptation. Our analysis identifies that the most prevalent adaptive ele-
ment is behaviour adaptation. This involves modifying navigation type or structure,
activation or deactivation of interface elements, and adjustments to interaction modal-
ities within the application (Paternò and Santoro 2012; Potseluiko and Azarova 2021;
Vasilyeva et al. 2005).We categorise behaviour adaptation as shown in Table 5. Among
the subcategories, difficulty level (48%) is by far the leading adaptive element within
behaviour adaptation. This finds significant use in games, exercise, and rehabilitation
applications, aiming to sustain user engagement by tailoring challenges to their phys-
ical capacity and health status (Aranha et al. 2021). Changes in difficulty level take
into account elements such as changing the number or size of puzzle pieces in the
game (S7) and target speed during the exercise (S14, S35, and S39). Additionally, two
other common adaptive elements within behaviour adaptation are multi-modal inter-
face adaptation (13%) and add-on functions (13%). In S28, when the physician visits
the patient’s room, the applications switch to employing voice input. This adaptation
enables the physician to efficiently search for the patient’s medical record number or
order a lab test. In S30, the add-on module “Magnifying Glass” can be triggered after
processing the user’s health information.

The remaining infrequent adaptive elements include different persuasion strategies
(8%) and navigation adaptation (4%). In S10, the authors aimed to tailor the per-
suasive strategies of a healthy eating game to different player types. They developed
two versions of the game: one utilising the reward strategy and the other employing
the competition strategy. In the version using the reward strategy, players are shown
their current point score and received badges as a form of acknowledgement for their
achievementswithin the game.On the other hand, the competition-based version intro-
duces a simulated leaderboard that compares players’ performance and displays their
names, scores, and ranks. In S20, a mHealth app was developed for the management
of hypoglycemia. The application features a standard homepage that provided patients
with the freedom to navigate through various visualisations, including connected sen-
sor data, medical test results, and exercise results. However, when there is a possibility
of a hypoglycemic event occurring, the navigation to other modules within the appli-
cation is intentionally suppressed. Instead, the application emphasises quick access to
emergency services by highlighting the dedicated feature, ensuring that patients could
swiftly access the necessary assistance during a hypoglycemic episode.

Presentation adaptation. Presentation adaptation refers to changing the parame-
ters of the interface elements such as colour, size, the position of objects, and font size
(Paternò and Santoro 2012; Potseluiko and Azarova 2021; Vasilyeva et al. 2005). We
break presentation adaptation down as shown in Table 5. Graphic design adaptation is
performed in 63% of all included studies. This approach can be applied in many ways,
such as controlling the theme, layout, and display of the application. Other possibilities
considered in the analysed articles are the change of information architecture or sound
effects which account for 2% and 2% of all included studies, respectively. Information
architecture refers to the variation in the structural design of information. For example,
in S18, a mHealth systemwas designed to cater to the individual needs of patients with
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both diabetes and cardiovascular disease. The system aims to personalise the self-care
process by providing tailored messages to patients, which is achieved by adjusting
the nature, form, and structure of the information presented to patients, taking into
account their profile, medical treatment goals, and specific content. Sound effect is an
adaptive element in a single included study (S13). In that study, the output volume of
sound effects is adjusted based on the distance between the user and the device.

Content adaptation. Content adaptation involves modifying the content level of
the interface by adjusting the text, its semantic content, images or explanatory inscrip-
tions (Aranha et al. 2021; Palomares-Pecho et al. 2021; Paternò and Santoro 2012;
Potseluiko and Azarova 2021; Vasilyeva et al. 2005). The adaptation of interface con-
tent is less common among the primary studies that we examined. Specifically, we
found that the adaptation of content complexity and interface elements rearrangement
accounted for 10% and 4% of all included studies, respectively. Adaptation at the level
of content complexity seeks to make content simple to grasp based on users’ cognitive
skills, educational backgrounds or comprehension capabilities. For instance, in study
S15, a personal health monitoring application is developed to address various health-
related issues, including sleep problems, diet, and painmanagement. The application’s
interface is designed to accommodate users with different skill levels, allowing for cus-
tomisation to meet the needs of older individuals with limited IT knowledge. As part
of this adaptation, the interface features a single-button layout to enhance accessibil-
ity for older users unfamiliar with the technology. Additionally, two studies, S15 and
S48, discussed the rearrangement of interface elements, wherein the most frequently
accessed items were positioned at the top of the corresponding menus.

8.2 Combiningmultiple adaptive elements

We identified 30 (63%) studies that utilised only one type of adaptive element in their
interface design. Eighteen studies (38%) incorporate multiple types of adaptive ele-
ments. Among the studies that employ multiple adaptive elements, 13 (27%) utilise
both presentation adaptation and behaviour adaptation. When examining the subcat-
egories of adaptive elements, we observed that graphic design is the most commonly
utilised subcategory in combination with other adaptive elements within presenta-
tion adaptation. Conversely, other subcategories of presentation adaptation, such as
information architecture and sound effects, are less frequently used in conjunctionwith
other types of adaptive elements. In contrast, subcategories under behaviour adaptation
are commonly employed together. For instance, multi-modal interaction adaptation
is often combined with navigation, add-on functions, different persuasive strategies,
and difficulty levels, accounting for 4%, 6%, 2%, and 4% respectively.

8.3 Adaptive elements and chronic diseases

Our analysis indicates that adaptation of presentation and behaviour on the interface
are the two main types of adaptation used in studies supporting the stroke, RFCD
and ageing (see Fig. 6). These health-related conditions are often addressed through
applications designed for rehabilitation, health monitoring, and exercise. Notably,
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Fig. 6 Bubble chart for health-related conditions, adaptation types and adaptive elements

behaviour adaptation is implemented in these applications to enhance user engagement
and interaction.Moreover, it is observed that graphic design is frequently incorporated
alongside various subcategories of behaviour adaptation. This observation suggests a
potential explanation for the prevalence of presentation and behaviour adaptation in
the context of stroke, RFCD, and ageing.

9 RQ5: How is the AUI developed and evaluated?

In this RQ, our focus is on investigating the approaches employed in the design and
evaluation of chronic disease-related applications with AUI. The use of scientific and
rigorous evaluation methods to evaluate software development methods has long been
emphasised by the SE community (Ghislain Hachey 2012; Zannier et al. 2006). In
our study, we explore the evaluation of AUI through three critical lenses: evaluation
approach, evaluation measurements, and evaluation results.

9.1 Design approach

Although the design methodology for AUIs plays a crucial role in their development,
the included literature is disappointingly scant on this matter. According to our find-
ings, only 69% of articles included in our SLR reported the specific design approaches
they employed to create adaptable interfaces. Of these, 21% followed a model-driven
approach (Soley and OMG Staff Strategy Group 2000), and only 3% were based on
a user-centred design approach (Abras et al. 2004). An iterative design approach
(IxDF 2021) and inclusive design approach (Coleman and Lebbon 1999) were used
by 2% each. In conventional programming practices, developers typically construct
software by manually composing lines of code within a programming language. In
contrast, the model-driven approach involves the utilisation of graphical or textual
models that depict the intended behaviour and structure of the system. Subsequently,
these models undergo automated transformations to generate executable code (Soley
and OMG Staff Strategy Group 2000). Given the inherent benefits a model-driven
approach provides, such as enhanced traceability, technology independence, and the
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ability to perform comprehensive outcome evaluations for the AUI (Akiki et al. 2014;
Vasilyeva et al. 2005), we expect that the utilisation of model-driven approaches in
the development of AUIs will gain significant popularity in the academic community
and beyond.

In our investigation of studies employing amodel-driven approach,we examined the
various types of models utilised in the design of AUI. Our analysis reveals a spectrum
ofmodels, including the context model (S5), usermodel (S19, S36, and S42), ontology
model (S1), personalisationmodel (S10), player model (S14), adaptationmodel (S20),
and user behaviour model (S14). Notably, the context model and user model emerged
as the most frequently referenced models across different solutions.

9.2 Evaluation approach

We adopted the evaluation approach classification scheme introduced by Chen and
Ali Babar (2011) to categorise the evaluation approach employed in the included
studies. Figure7 presents the distribution of evaluation approaches used in the included
papers. “Experiment with human subjects” (56%) is the most frequently used means
of evaluation. This is followed by “example application” and “discussion” with 15%
and 10%, respectively. “Field experiment” is only applied to 8% of the total evaluated
papers. Other less common methods include “simulation” (4%), “experience” (2%),
and “experimenting with software” (4%). For the evaluation method involving human
participants, we found that the majority of studies (33%) have a participant count
ranging from 1 and 10 (see Table 6). The “11 to 20” and “21 to 30” participant
groups account for 10% each, while only a minority of studies include more than 31
participants (8%). It is worth noting that none of the included studies provides explicit
justification for their chosen number of participants, despite the extensive research
within the HCI field on determining the ideal number of participants for different
study types (Ghislain Hachey 2012; Sanchez et al. 2018).

In general, the evaluation of systems with AUI necessitates a robust and rigorous
methodology. Rigorous evaluations not only enhance the credibility of the study but
also contribute to the advancement of AUI research by generating robust and repli-
cable findings. Upon further examination, we note that studies that employ human
subjects for evaluation consistently achieve high study quality scores, particularly
those conducted in real-world environments such as field settings, homes, or hospitals
(see Fig. 7). By involving human subjects in real-world contexts during the evaluation
process, researchers can observe user interactions with the AUI system in natural and
authentic settings, capturing a broader range of scenarios and uncovering potential
challenges or opportunities for improvement.

9.3 Evaluationmeasurements

We focus on evaluationmethods that provide substantial evidence and excluded studies
that rely on weak evaluation methods such as “example applications”, “discussion”,
and “experience” (Chen and Ali Babar 2011). As a result, we only considered 31
studies (62%) for this analysis. Based on our analysis and referring to the classifi-
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Fig. 7 Bubble chart for the type of solution, evaluation approach, evaluation indicator, and number of
participants

cation made in Kamel Ghalibaf et al. (2019), we categorise the evaluation indicators
into sixmain categories: behavioural outcome, health/medical status, user experience,
psycho-behavioural determinant, knowledge level, and usability metric (see Table 6).
According to the Centers for Disease Control and Prevention (CDC) (CDC 2015),
these six categories can be summarised into two general categories, mainly process
evaluation and outcome evaluation. Outcome evaluations (including behavioural out-
come, health/medical status, psycho-behavioural determinant, and knowledge level)
are conducted to appraise the efficacy of a programme in generating change. Con-
versely, process evaluations (including user experience and usability metrics) provide
insights into the process throughwhich programmeoutcomes or impactswere attained.
Following is a breakdown of included studies by evaluation indicator categories: 22
studies (46%) employ process evaluation while 13 studies (27%) use outcome eval-
uation. Seven (15%) of the articles undergo both process and outcome evaluation,
aiming to leverage early feedback from the process evaluation to improve the design
of the outcome evaluation. To identify the most common evaluation metrics, a thor-
ough review of these methods is conducted as follows. Six studies (13%) of the 22
(46%) studies employ process assessment evaluated based on usability metrics. User
experience is assessed in all included studies using process evaluation. Of the 42%
of included studies evaluating outcomes, 19% focus on behavioural outcomes, 16%
examine health/medical status, 6% assess psycho-behavioural determinants and 6%
measure the knowledge level of users. Figure7 indicates a preference for process
evaluation (50%) across various types of applications.

9.4 Evaluation results

Among the included studies, we found that some studies do not provide clear and
specific statements about the evaluation result. Many primary studies discuss the
advantages and disadvantages of the solution without explicitly reporting the effects of
the solution. Some studies use real examples and collect evidence of its use informally,
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Fig. 8 Mind map summary of findings

only describing how to use a particular method without explaining any specific effects
of using the method. In general, the evaluation results show that in 92% of articles
tailoring was effective, in 4% it was not specified, and in 4%, it was partially effective.

10 Discussion

The findings of this SLR have been presented in the previous section with respect
to the RQs. We consolidate and visualise all the findings in a mind map, as shown
in Fig. 8. With these findings in mind, it is opportune to discuss the outcomes and
contemplate potential avenues for future exploration and investigation.

10.1 AUIs in various software applications

Figure 9 presents a mapping of the identified software types in Sect. 5 into the aspects
of AUI reported in Sects. 4, 6, 7, 8, and 9. This mapping provides a comprehensive
view of the types of software associated with different aspects of AUI. We observed
thatweb applications and mobile applications are the primary platforms for delivering
applications with AUI. Moreover, Fig. 9 indicates that both channels have a consistent
trend for targeting users, study sources, user data, adaptive elements and adaptation
actors.
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• Targeting user groups. We found a limited focus on adapting applications for
health professionals. Even in cases where applications target both the general
public and health professionals, adaptation for the latter group remains rare (e.g. S2
and S13). Typically, health professionals’ involvement centres around customising
training or treatment plans based on the user’s health status and demographics (e.g.
S13 and S15). In future studies, there is a promising opportunity to enhance the
role of AUIs in healthcare applications by addressing the specific needs of health
professionals. By leveraging AUI, routine administrative and data-related tasks
could be streamlined and automated, allowing healthcare practitioners to allocate
more time to direct patient care (Eslami et al. 2018; Vogt andMeier 2010; Alnanih
et al. 2012). Moreover, there is potential for AUI to play a role in supporting
decision-making processes (Greenwood et al. 2003).

• Varied data collection techniques. Mobile applications are predominately
utilised as the delivery channel for HealPM applications (See Fig. 9). Smart-
phones come equipped with a range of sensors, including acceleration sensors,
vibration transducers, and angular transducers, that offer various services such
as biometrics authentication, motion detection, and obstacle detection (Okumura
et al. 2005). These sensors provide users with valuable information about their
health, environment, activities, behaviours, and intentions (Mukhiya et al. 2020).
Mobile phone-based applications have proven advantageous for data capture and
transfer (Baig et al. 2015). However, there are common technical challenges, such
as battery failure and connectivity issues, that need to be addressed. For instance,
the analysis and process of raw data within a mobile phone can result in notable
drawbacks, primarily concerning power consumption and battery life. This sce-
nario presents a greater challenge in comparison with the issue of low signal
strength in rural areas (Donker et al. 2013; van Olmen et al. 2020). Participants’
concerns about the relatively short battery life of mobile phones have been high-
lighted in studies such as S44. Evenwith a battery duration of 16h, the requirement
for constant communication with the device raises concerns among participants.
Similarly, S21 reported that users have expressed concerns about increased bat-
tery consumption when utilising the multiple features of the mHealth applications
for elderly monitoring, as certain features necessitate the device to remain active
at all times and prevent it from entering a “deep sleep” mode. The utilisation of
mobile communications, such as 4G and 5G networks, for transferring user data
in smartphone-based applications represents an additional barrier. The situation
is exacerbated by the high cost of mobile phone contracts and termination fees,
thereby restricting access for less well-off socio-economic groups (van Olmen
et al. 2020; Hamine et al. 2015; Marcolino et al. 2018).
The sustainability of application usage is a concern regardless of the employed data
collectionmethod (Baig et al. 2015; vanOlmen et al. 2020). It is crucial to acknowl-
edge that the effectiveness of sophisticated data collection technology can diminish
if users do not utilise the technology appropriately or inadvertently neglect to carry
their phones/other wearable sensors to record the necessary information, as evi-
denced in studies S36 and S45. The variability of smartphone platforms presents
another obstacle in the development and implementation of smartphone-based
applications, attributable to the existence of diverse operating systems. Further,
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Fig. 9 Bubble chart between the type of solution, source of study, target audience, user data, data collection
technique, adaptive elements, and adaptation actor

the utilisation of different data collection methods raises concerns regarding com-
patibility between programming languages and application environments. In S21,
researchers identified issues where certain devices impeded the measurement of
accelerator data in standby or “off-screen” mode, underlining the importance of
considering device compatibility.
It is highly advisable for developers to conduct comprehensive investigations into
the challenges and critical issues pertaining to the utilisation of diverse data collec-
tion techniques. By undertaking these proactive measures, developers can enhance
the sustainability, reliability, and cost-effectiveness of application usage. This, in
turn, will contribute to improved effectiveness and overall performance in devel-
oping AUI for various applications.

10.2 Mapping user data

Optimal utilisation of user data requires attaining a well-balanced alignment among
multiple factors, including the specific data type, the effort required from users to input
their data, and the associated costs (Philip et al. 2022). To optimise the efficacy of the
AUI, it is imperative to identify a minimal set of determinants that yield substantial
impact on the desired outcome (Stephanidis et al. 1997). This entails identifying the key
factors that hold the highest value in driving significant changes in the UI. Developers
can effectively determine the appropriate user data and data collection methods by
following two fundamental steps.

Step 1: What is the purpose of the applications? The specific data types relevant
to the application’s objectives should be identified as a priority, thereby informing
the choice of an appropriate data collection method. For instance, applications that
aim to provide informative content about the user’s medical condition necessitate the
collection of the user’s disease information as well as their ability to comprehend
and access various sources of information. In such cases, manual input from users
emerges as the most efficient data collection approach. Conversely, health monitoring
applications require the continuous collection of physiological data, which can be
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achieved through the utilisation of wearable or smartphone sensors (Shakshuki et al.
2015; Harman et al. 2014).

Step 2: What is the primary usage context for the application? Evaluating whether
the application is predominantly utilised in a home environment, hospital setting, or
daily life scenario enables the selection of data collection techniques that seamlessly
align with users’ routines. For instance, if the application is primarily used at home
(e.g. S29, S39, and S46), it may be more feasible to employ data collection tech-
niques that leverage existing devices in the home or rely on manual input from users.
This approach takes advantage of the increasing trend of smart homes, where various
devices communicate with one another seamlessly. By tapping into this interconnected
ecosystem, the application can gather relevant data from devices such as smart scales,
fitness trackers, or home automation systems, providing a comprehensive view of
the user’s health and lifestyle (Alaa et al. 2017). On the other hand, if the applica-
tion is intended for use in a hospital setting (e.g. S23 and S28), more sophisticated
data collection techniques and sensors may be available to monitor users’ vital signs
or gather specific health-related data accurately (Philip et al. 2022). In such cases,
ensuring compatibility and interoperability with existing hospital systems and devices
becomes crucial to avoid disruptions in the healthcare workflow and ensure the appli-
cation’s seamless integration into the clinical environment (Dinh-Le et al. 2019).When
the application is designed for use in daily life situations, data collection techniques
should be seamlessly integrated into users’ routines, such as leveraging smartphone
or wearable sensors, offering convenience and ease of use. By considering the context
of daily life, developers can minimise the disruption to users’ activities while still
capturing the necessary data for the application’s intended purpose. By adhering to
these two steps, developers can make informed decisions regarding the appropriate
user data and data collection methods.

• Type of data used. Throughout our study, it is clear that certain types of user data
and environmental data have received minimal attention in the existing literature
(e.g. task-specific data). This indicates that these under-represented data types hold
great potential for future applications. In addition, we believe there is an opportu-
nity to combine multiple data types for amore comprehensive representation of the
user. For instance, the combination of sensor data from a wearable or smartphone
with contextual information like noise level, weather conditions, or social interac-
tions, presents an opportunity to create a more comprehensive and nuanced user
profile. Moreover, the combination of diverse data types can enhance the accuracy
and reliability of the predictive algorithm. By incorporating multiple dimensions
of information, algorithms can provide more precise and tailored insights, leading
to more effective interventions and support. According to Sect. 6.1, user charac-
teristics and interaction data are by far the area with the most effort when it comes
to the data source of the adaptation and they are often used in combination with
each other. For example, for user characteristics data, some studies used multiple
dimensions of user characteristics to obtain a more comprehensive understanding
of users’ attributes, traits, and behaviours (e.g. S3, S9, and S17). There is no agreed
amount of user information for the AUI; rather, it depends on the purpose of the
application (Kreuter andWray 2003). Additionally, we are able to correlate differ-
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ent applications with particular data types, primarily because a given data type is
typically preferred for a specific type of application (Kamel Ghalibaf et al. 2019).
However, current research has a fundamental problem in the ability to verify and
quantify these implicit associations. Thus, there exists an open research problem in
explaining which given user data was preferred to be collected as the data source
of adaptation for the given application type.

• Data collection techniques. Based on our analysis in Sect. 6.2, there is a need for
future studies that use adaptive technologies to make the software highly flexible
and less expensive by properly combining software and hardware. For instance,
in the rehabilitation application, several studies commonly use Kinect sensors
for human skeleton tracking (e.g. S35, S37, and S40). However, S4, one of the
included studies, track virtual skeleton joints directly from the RGB data captured
from a camera, which can contribute to the use of rehabilitation application more
accessible and cheaper for a wider population. Medical sensors, while extensively
employed, can incur additional costs for individuals, potentially leading to their
restricted use within hospital contexts. In order to drive advancements in this field,
future studies should prioritise the investigation and exploration ofmore affordable
options for data collection techniques (Palomares-Pecho et al. 2021; Philip et al.
2022). Researchers can facilitate broader accessibility and affordability, thereby
enabling a wider user base to benefit from the technology. The sustainability of
external sensor usage constitutes another significant barrier (Kansal et al. 2004). In
a specific study (S45), participants encountered inconveniences with the pedome-
ters that were meant to be worn on a belt. Some participants expressed challenges
in remembering to wear the device and log their activity, given the multitude of
tasks they had to remember throughout the day. Consequently, the continuous sus-
tainability of the exercise game is compromised due to these factors. Similarly, in
study S36, which developed a rehabilitation game incorporating an external mea-
surement device, users commonly encountered challenges regarding the device’s
usage. Forgetting to carry the device or failing to recharge its batteries are recur-
ring issues. These oversights hindered the smooth integration of the measurement
device into the rehabilitation game, thereby impacting its overall effectiveness
and sustainability. To summarise, efforts should be directed towards improving
the sustainability of the usage of these data collection techniques. This entails
developing solutions that address potential barriers such as user forgetfulness,
user acceptability, and ease of integration into daily routines.

10.3 Decision-making process for adaptation

Detecting the need and making the decision to adapt the interface are pivotal stages in
adaptation (Abrahão et al. 2021). According to our analysis of the results in Sect. 7,
there is no one-size-fits-all method or strategy applicable to all circumstances of adap-
tation decision-making.

• Adaptation strategy.Drawing from the findings discussed in Sect. 7.1, the major-
ity of adaptive systems analysed in this SLR rely on the use of simple decision
rules. This observation is consistent with a previous review study (Kamel Ghal-
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ibaf et al. 2019), which highlights the common usage of rule-based approaches in
health applications that involve tailored information. However, it should be noted
that certain applications in our study have employed alternative algorithms, includ-
ing reinforcement learning (S35), CNNs (S32), evolutionary algorithms (S14), and
Monte Carlo tree search algorithm (S31), to facilitate the adaptation process.
The selection of an adaptation strategy for mHealth applications should be based
on careful consideration of several factors. (1) It is crucial to examine the specific
adaptation requirements to determine whether they can be effectively captured
using explicit rules. For example, in cases where there is readily available expert
knowledge in a particular health domain that can be translated into rule-based con-
ditions and actions, a rule-based adaptation approach may be suitable. Similarly,
simple adaptations such as font size selection based on user age and preference,
which involve straightforward adaptation logic, can also be addressed using a
rule-based approach (e.g. S1, S2, and S10). However, when the adaptation require-
ments involve uncovering unknown patterns and analysing extensive and diverse
user-generated data sets produced during application usage, an adaptation strategy
based on predictive algorithmsmay bemore appropriate (Langley 1997; Todi et al.
2021). (2) Another important point to consider is the significance of transparency
in the mHealth application. Transparency plays a pivotal role in fostering trust
between users and mHealth applications by providing a clear understanding of
how data is handled, processed, and utilised within the application (Wicks and
Chiauzzi 2015; Sunyaev et al. 2015). Rule-based adaptation offers a high level of
transparency, as the adaptation process is often clear and understandable to users
(Mukhiya et al. 2020; Jokste and Grabis 2017). This makes rule-based adaptation
particularly suitable for scenarios that involve critical health-related decisions (e.g.
S20), where transparency is crucial for users to have confidence in the adaptation
process and the resulting outcomes. (3) The third point to note is whether the sys-
tem requires adaptation to dynamic and evolving user behaviour or environmental
conditions. One downside of utilising basic if–then rules is that the developer must
account for any possible variation. The resultant adaptation may be incoherent or
sub-optimal for the target user (Kamel Ghalibaf et al. 2019). In such instances,
predictive algorithm-based adaptation emerges as a more suitable alternative. This
approach can effectively handle the complexity and uncertainty tied to dynamic
user behaviour, thereby enabling more effective adaptations.

• Adaptation actor. We have identified and discussed three different adaptation
actors in Sect. 7.2. The prevalence of automatic and semi-automatic systems is
unsurprising, given that manual systems place the entire responsibility of adapta-
tion on users. However, when it comes to the manual system, there is a pressing
need for a more natural adaptation (Palomares-Pecho et al. 2021). This is crucial
to overcome adoption barriers associated with the implemented AUI, including the
time and effort required to learn its mechanics (Zhang et al. 2021). For instance,
S5 developed a personalisation rule editor that enables users to specify their own
adaptation rules based on contextual elements, triggers, and actions. However,
this approach may pose challenges for users with limited computer literacy, par-
ticularly in grasping the complexities of triggers and actions, which often involve
elements akin to programming language.
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Our review has also revealed that a simple rule-based adaptation can distribute the
initiative (what initiates the adaptation process) between the user and the system
(Abrahão et al. 2021). This implies that either the user can manually adjust vari-
ables to different settings or the system can autonomously carry out the adaptation
process based on predefined rules. It highlights the existence of varying levels of
user involvement in the adaptation process, which can be influenced by factors
such as the user’s willingness to drive the adaptation process and their level of
knowledge required for making adaptations (Eiband et al. 2021). Consequently,
there is an important need for research to gain a deep understanding of distributing
the initiative between the end-user and the system. Understanding these dynamics
is crucial for designing AUI that cater to users’ preferences and capabilities, while
also considering their comfort level in taking charge of the adaptation process.
By recognising and accommodating different levels of user involvement, develop-
ers can create AUI that strikes a balance between user empowerment and system
support, resulting in a more personalised and satisfactory user experience (Eiband
et al. 2021). This motivates the following questions: What level of automation do
users prefer for different types of applications or adaptive elements? How can we
control the user’s involvement in the whole adaptation process (e.g. who triggers
the adaptation or evaluates the adaptation results)?

10.4 Adaptive elements

Through our analysis conducted in Sect. 8, it is clear that certain types of adaptive
elements receive minimal attention in the literature (e.g. content complexity, interface
element arrangement), while graphic design and difficulty level stand out as the most
frequently utilised among the included studies. Moreover, it is notable that the adapta-
tion process usually involves themodification ofmultiple elementswithin the software.
This characteristic stands out and presents a crucial avenue for future research: what
is the combination of adaptation elements that users are satisfied with?. To address
this, it is crucial to place the user at the core of the adaptation process. By conduct-
ing comprehensive user research, gathering feedback, and actively involving users in
the design and evaluation phases, researchers can gain deep insights into users’ spe-
cific needs and preferences regarding how they desire different adaptive elements to
be employed in conjunction with one another. However, it is worth noting that only
a limited number of included studies have investigated user needs during the initial
phases of AUI development (as discussed in Sect. 10.5). This underlines the necessity
for a more comprehensive user-centred approach that accounts for user preferences
across different adaptive elements.

Another important issue is that applications designed to promote physical activ-
ity and rehabilitation exercises always seem to provide adaptations to behavioural
levels and will also incorporate adaptations using graphic design at the same time.
Researchers can further analyse which types of adaptations users prefer, particularly
in relation to the purpose of these applications. The response to this question may
vary based on the user. Thus, examining user types and motives could constitute a
compelling area for future research within this domain. For example, in rehabilita-

123



Adaptive user interfaces in systems targeting...

tion exercises, it could be valuable to investigate whether users are more motivated
by adjustments to the speed of an animated trainer and other factors tied to the dif-
ficulty level, as opposed to being incentivised by rewards for their accomplishments.
Examining how different types of users respond to various adaptation strategies and
identifying the most effective approaches for different user groups and their objectives
would contribute to the refinement and optimisation of AUI design in these applica-
tions.

10.5 System design for the AUI

Based on the results from Sect. 9, the general lack of information on system design
(69% missing) suggests serious deficiencies in the reporting of design methodology
in the literature on AUI related to chronic disease management software. As reported
in Sect. 9, descriptions of eHealth interventions are often restricted to focusing on
enhanced user experiences and their efficiency in improving health outcomes and
behaviours (evaluation results). Few of our selected studies explain how the proposed
solutions were developed, especially in the early stages of design stages when end-
users were involved (e.g. S5 and S6). Even with studies that mentioned how they
develop the system, very little information was provided without any further descrip-
tion (e.g. S12, S44, and S46). Therefore, we have to abandon them for interpretation
and exclude the design approach in the taxonomy (Fig. 8). Two previous studies have
criticised the lack of information about the design process (Kamel Ghalibaf et al. 2019;
Dabbs et al. 2009). Therefore, we strongly recommend more coverage of the system
design process for reported studies in future research. Reporting of the design pro-
cess not only improves the understandability of the proposed solution but also allows
readers to better assess the validity and reliability of the reported approaches, tools
and applications with AUI.

10.6 System evaluation for AUI

The SE community has long emphasised the use of scientific and rigorous evaluation
methods to assess the software (GhislainHachey 2012; Zannier et al. 2006). According
to the results reported in Sect. 9, the findings and opportunities for future research are
as follows:

• Length of evaluation time and participants number.A key finding from Sect. 9
is that a considerable number of the included studies were evaluated with a small
sample and short evaluation period. This concern is of higher relevance in the
context of chronic disease (Abowd et al. 1999). A major reason for this higher
relevance is that the effectiveness of chronic disease prevention and rehabilitation
applications will require longitudinal studies (Palomares-Pecho et al. 2021). In
addition, there is also a greater need for a large number of participants due to the
large variations between individuals, which is the basis for adaptive technology
(Norcio and Stanley 1989; Akiki et al. 2014). Therefore, we highly recommend
that future investigations into AUI development for chronic disease applications
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prioritise the inclusion of larger participant samples and have longer evaluation
duration.

• Adaptation evaluation. Based on evaluation analysis in Sect. 9, the most com-
mon method of evaluation is to simply test the effectiveness (e.g. user experience,
behaviour outcome of the users) of the application as a whole, making it difficult to
draw conclusions regarding the AUI implemented. Our analysis of the evaluation
results revealed a notable inconsistency in assessing the quality of the adaptation.
There are few or no explicit recommendations on how to evaluate the adapta-
tion in order to support the early phase of designing AUI (Abrahão et al. 2021).
There are some existing criteria to evaluate the adaptation, such as specification
of adaptation (“refers to the user’s ability to specify the actions required to make
this adaptation”) (López-Jaquero et al. 2007) and user feedback of adaptation
(“refers to the ability of the approach to provide feedback about the quality of the
adaptation.”) (Abrahão et al. 2021), but their indicator and usage are not made suf-
ficiently explicit to be adopted by developers for evaluating the adaptation. Thus,
there is an opportunity for researchers to develop guidelines and establish adapta-
tion evaluation infrastructure, encompassing metric development and facilitating
comparative analysis of adaptations. Such work would allow for clearer and more
concise evaluations of adaptation, solidifying claims made from the results of a
given evaluation.

11 Threats to validity

Even though this SLR was carried out following a well-established approach (Keele
2007; Kitchenham et al. 2022), our review still has some limitations, most of which
are related to our search methodology and the data extraction process.

Construct validity. The extent to which the research reflects the researcher’s inten-
tion and what is investigated by the RQs (Wohlin et al. 2012). The inadequacy of the
search and study selection process is the most evident bias that might compromise the
construct validity of this study (Shahin et al. 2014). For example, although the concept
of the AUI is well known, systems that employ it may also be referred to by terms like
“smart user interface” or “intelligent user interface”. To mitigate any possible threats
in the search strategy, we employed two strategies: (1)We concluded that missing such
terms posed a negligible risk in this SLR after doing several rounds of trial searches
in six well-known digital libraries. (2) We consulted the search strings utilised in
previous SLRs (Gonçalves et al. 2019; Aranha et al. 2021) and used the PICOC cri-
teria to ensure that the search is thorough and comprehensive. As a result, our search
approach works well enough to identify significant papers in the related field. Another
threat to construct validity lies in the search of paper metadata (i.e. titles, abstracts,
and keywords) in most databases, potentially leading to the systematic rejection of
publications lacking validated references in their metadata.

Internal validity. The extent to which the design and execution of our SLR study
are likely to avoid systemic errors (Wohlin et al. 2012). The derived taxonomy char-
acterises the field of AUI designed for chronic disease-related applications, as the
key contribution of this study. To mitigate any errors in the proposed taxonomy, we
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took three strategies: (1) We developed a data extraction form to gather and analyse
data consistently in order to answer the SLR’s RQs. (2) Four authors extract the same
number of the included papers independently. A comparison of the extracted data was
undertaken to identify and rectify any contradictory information. (3) We followed the
open coding process of constructivist grounded theory (Charmaz 2014). In our SLR,
each attribute classification was reviewed and refined by at least three authors until all
three agreed. To boost the integrity of our taxonomy and increase the transparency of
the data extraction process, all data extraction details are included in supplementary
material so that the reader can confirm the reliability of the information extracted.

External validity. The extent to which the original studies are representative of
the reviewed field may result from selection bias (Wohlin et al. 2012). To mitigate
this bias, we implemented the following three steps: (1) We strictly executed this SLR
according to the SLR protocol. The SLR protocol was arranged by one author and
subsequently refined by other authors. The initial study set was refined using inclusion
and exclusion criteria such that only studies that meet the scopewere included. (2) Any
disagreements that surfaced during the study selection process were resolved during
the internal discussion. After the conversation, we also documented the reasons for
inclusion or exclusion. (3) We also used snowballing techniques to find as many
relevant papers as possible to reduce selection bias.

Conclusion Validity. Potential biases regarding the existence or absence of rela-
tionships may lead to incorrect conclusions (Wohlin et al. 2012). To mitigate this
threat, the data extraction results were plotted and correlated using various graphs in
addition to textual descriptions. This helps to enhance the traceability between the
extracted data and the conclusions.

12 Conclusion

Wepresented aSystematicLiteratureReviewof primary studies related toAUIs as used
for chronic disease-related software applications.Ourwork used the guidelines laid out
by (Keele 2007; Kitchenham et al. 2022) for performing SLRs in SE. We generated
a taxonomy that pertains to different aspects of applying AUIs to chronic disease-
related applications. Our analysis of 48 included primary studies allows concluding
that the most used source of data for the adaptation, data collection techniques, the
decision-making process of the adaptation, and the final action made to the interface.
The concepts described in this review should aid researchers and developers in under-
standing where AUI can be applied and the necessary considerations for employing
AUIs in different chronic disease-related applications. Key future research directions
include: (1) investigating the involvement of health professionals in the adaptation
process and how to benefit health professionals by boosting their efficiency within
their daily responsibilities; (2) exploring users’ preferences concerning the collection
of data as a foundation for the adaptation process; (3) exploring innovative, lower-
cost and effective options of data collection techniques; (4) exploring combinations
of different adaptive strategies and levels of automation users prefer for given types of
applications or adaptive elements; (5) examining users’ preferred adaptive elements,
while considering the unique purpose of different applications; and (6) adhering to
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established standard reporting guidelines for original research development and for-
mulating effective guidelines for evaluating adaptation approaches within the realm
of chronic disease applications.
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Appendix A ResearchMethods

A.1 Data extraction form

See Table 7.
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Table 7 Data extraction form

# Questions Description/examples RQs

1 Paper ID Demographic data

2 Paper Title

3 Authors of the Paper

4 Venue

5 First Authors affiliated
university/institution

6 First Author affiliated country

7 The study population affiliated
country in the paper

8 Type of publication

9 Publication year

10 Source type

11 Citations number

12 Page number

13 Study context

14 What are the major keywords of the
study?

Information for paper

15 What is the aim/motivation/goal of
the study?

16 What type of software application
has been presented in the studies?

e.g. web applications, mobile
application, desktop applications or
tablet applications

RQ1

17 What type of solution is offered in
the studies?

e.g. architecture, framework,
platform, algorithms and
application prototypes

RQ1

18 What health conditions have been
targeted in the studies?

e.g. heart disease, cardiovascular
disease, diabetes, hypertension,
alzheimer and pulmonary disease

RQ1

19 What is the target audience of the
paper?

e.g. patients and health professionals RQ1

20 Is there a specific aged group if the
paper is targeted at end-users?

Specify the age group RQ1

21 What is the solution adapt to? Specify the user group the solution
can adapt to

RQ1

22 What environment data is collected to
generate AUI for the application?

e.g. different mobile devices, change
of the light, change of location and
different operating platform

RQ2a

23 What user-controlled input data is
collected to generate AUI for the
application?

e.g. user’s performance when using
the app, user’s emotions are
address, user’s personality, user’s
disease, user’s disabilities, user’s
age and user’s heart rate

RQ2a
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Table 7 continued

# Questions Description/examples RQs

24 What techniques are being used to
collect the data?

e.g. electrocardiogram (ECG),
electrodermal activity (EDA),
ectroencephalogram (EEG),
respiration analysis, and
electrooculography (EOG)
measuring eye movements

RQ2b

25 What are the adaptive strategies used
in generating the AUI?

technique used to tailored the user
interface, e.g. rule-based adaption,
predictive algorithm-based
adaption, and goal-driven adaption
(Try to put as much details as you
can, if you are not sure which
adaption strategies the study is
adopted)

RQ3a

26 Who is adapting? e.g. automatic systems(
self-adaptation).semi-automatic
systems (by algorithms and user).
manual system (user manually
adapts)

RQ3b

27 What are the adaptive elements used
in the AUI for applications?

what component is changed on the
interface (Try to put as much
details as you can, if you are not
sure of the elements)

RQ4

28 What are the approaches (e.g.
frameworks, environments, design
methodology, etc.) to develop
applications with AUI?

e.g. model-based approach,
model-based user interface
development approach, and
multi-agent architecture (Try to put
as much details as you can, if you
are not sure the approach)

RQ5

29 What are the types of models used in
applications with the AUI?

e.g. context model, dialogue model,
task model, domain model, user
model, etc.

RQ5

30 Main outcome/ Results of the study? what did this study propose? Does
the proposed solution usable,
effective?

RQ5

31 How do they evaluate their results? RQ5

32 What approaches are used to evaluate
the solutions?

we adopted the classification scheme
for evaluation approaches from
Chen and Ali Babar (2011). e.g.
case study, discussion, example
application, experience, and
experiment with human subject

RQ5

33 How the evaluation results being
measured?

e.g. behavioural outcome,
health/medical status, user
experience, psycho-behavioural
determinant, knowledge level, and
usability metric

RQ5

123



Adaptive user interfaces in systems targeting...

Table 7 continued

# Questions Description/examples RQs

34 What is the length of time for the
evaluation?

e.g. how many session they have for
the evaluation, how long for each
session, will they follow up?

RQ5

35 What are the major recommendations
of the study?

key research gaps/future
work/limitations

RQ5

36 What are the main limitations and
main strengths of the study?

RQ5

37 What are the key research gaps/
future work identified by each
study?

RQ5

A.2 Quality assessment

See Table 8.

Table 8 Study quality assessment questions

# Quality assessment questions

QA1 Are the aims and objectives of the study clearly specified?

QA2 Is there an adequate description of the context in which the research was
carried out?

QA3 Does the research design match the aims claimed for the research?

QA4 Does the paper present a detailed description of the AUI employed?

QA5 Is there a clear outcome and results analysis reported?

QA6 Does the paper provide limitations, summary and future work of the
research?

QA7a What is the quality of the venue where the study was published? Rated by
considering the CORE 2021 (Conference Portal 2021) for the conference
papers and ranking of conference and Journal Citation Reports 2021
(Eugene and Irving 2022) for the rankings of journal papers

QA7b What is the total number of citations for the paper?
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A.3 Data synthesis and taxonomy derivation

We downloaded all the essential information in a data extraction sheet, including (a)
demographic data (e.g. title, authors, venue, affiliation, and publication type), (b) the
answers for each RQ, and (c) the QA scores for all QA questions. Both qualitative and
quantitative methods were used to synthesise the extracted data. Additional data for
the data analysis are given in supplementary material.

Quantitative analysis: We performed both univariate and multi-variate frequency
distribution analysis. The univariate frequency distribution offered a summary count
of the occurrences within a particular variable. Multi-variate frequency analysis was
used to aggregate the distribution of two or more variables to determine their interrela-
tionships. We used Python and Microsoft Excel pivot table tools to build and visualise
the cross-tabulation and other diagrams.

Qualitative analysis: To build our taxonomy on the use of AUI, we followed an
open coding methodology consistent with constructivist grounded theory (Charmaz
2014). According to the advice of recent work within the SE community (Stol et al.
2016), we followed the two steps as detailed below: (1) we created the initial coding
of data type, data collection technique and adaptive elements and (2) we selected
categories from the most frequent or important codes we created and used them to
categorise the data (focused coding). The initial coding was performed by one author
and then refined during the focused coding process by two others until an agreement
was made among all three. The results of these coding steps formed our taxonomy.
This coding process is visualised in Fig. 10. Additional data for the taxonomy are given
in supplementary material.

Fig. 10 Example of qualitative data analysis by using constructivist grounded theory
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Glossary

AUI Adaptive user interface
SLR Systematic literature review
RFCD Risk factors corresponding to chronic diseases
AAL Ambient assisted living
UI User interface
RQ Research question
SE Software engineering
NCD Non-communicable disease
AR Augmented reality
VR Virtual reality
QA Quality assessment
HealPM Health-promoting and self-monitoring
HIM Healthcare information management
CNNs Convolutional neural networks
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