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Abstract
Adaptive User Interface (AUI) can change its layout, appearance, and/or elements based on the needs of its user require-
ments and current usage context. The AUIs are used in state-of-the-art software products, applications for mobile devices, 
and websites. Moreover, AUI is an emerging research field in a mobile context, as it can enhance usability, performance, and 
user satisfaction. This study aims to propose a conceptual framework for developing a real-time self-adaptive user interface 
based on the Android Operating System (OS). Furthermore, the focus is on developing the core algorithms for the modules 
of the proposed framework. To evaluate the performance of the proposed framework, three case studies have been designed 
based on the daily and weekly activities of the user. Moreover, an expert-based validation approach is employed to obtain 
the expert’s feedback regarding the proposed framework. The result indicates that the proposed framework helps improve 
user satisfaction and experience by making an intelligent mobile device interface. The results of the framework’s evaluation 
and validation show the proposed framework’s feasibility and effectiveness. We conclude that the current work is beneficial 
in filling the identified research gap. Moreover, this research shows the significance of an adaptive interface in an Android 
OS-based context. In addition, it not only helps in improving the user interest and satisfaction but also enhances the overall 
performance of the mobile device.

Keywords  Adaptive user interface · Self-adaptive user interface · Interface design · Smartphone user interface · Android-
based adaptive user interface

1  Introduction

Smartphones offer valuable features and portability. As a 
result, they have significantly improved our professional and 
personal lives (Hu et al. 2018). Due to the demand for smart-
phones in the market, the features in the smartphone Operat-
ing Systems (OS) and the number of smartphone applica-
tion users and developers also increased greatly. At the same 
time, new challenges are emerging in each release of mobile 
OS due to user satisfaction. Smartphones are widely used, 
and different OS-based mobile phones are available. With 
a market share of over 80%, Android continues dominating 
the global smartphone market (Wu et al. 2021).

User expectations from the mobile OS, like adaptive user 
interface and different suggestions according to their inter-
est, increase the desired search outcomes. The User Interface 
(UI) is a key component of any interactive system or applica-
tion that allows the users to access the system or application 
features directly (Hussain et al. 2018). The UI links the user 
and the interactive system or device, and it should be easy to 
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use and understand (Yigitbas et al. 2019). The smartphone 
interface offers content and reliable communication between 
the device and its user. Smartphones also have a variety of 
user types and modes of interaction. Numerous high-quality 
applications have been published, but their interfaces are 
complex, unattractive, and frustrating, causing them to 
be overlooked by the user. This discomfort is caused by a 
non-adaptive interface for mobile devices, which directly 
impacts performance, usability, and satisfaction among dif-
ferent users. One of the major drawbacks of a non-adaptive 
interface is that it cannot be adapted to the essential changes 
even if the usage environment/context changes (Tanaka et al. 
2019).

Adaptive User Interface (AUI) is a growing research field 
(Rathnayake et al. 2019), and it adapts to the user’s profile/
context and platform (Soui et al. 2017). The AUI interface 
changes its design and components based on the user’s cur-
rent usage context. Moreover, AUI is based on the user’s 
behavioral patterns and changes automatically to provide a 
customized experience (Rathnayake et al. 2019). The abil-
ity of a framework to create an intelligent and customized 
interface based on the user’s needs is referred to as interface 
adaptation (Soui et al. 2017). The AUI also aims to enhance 
user and UI interaction by adapting device layout distribu-
tion and available actions to the user’s current goals and 
needs (Machado et al. 2018).

AUI’s are used in software systems and by many popu-
lar e-commerce websites like eBay and Amazon to improve 
usability and customize the purchasing experience (Rathnay-
ake et al. 2019). The interface adaptation has been promoted 
to solve usability problems and satisfy the user’s needs and 
preferences (Soui et al. 2017). Based on the literature, mod-
ern systems have several usability issues. The interface’s 
ambiguity and lack of flexibility are primarily responsible 
for these issues (Wesson et al. 2010). AUIs have the potential 
to help with these usability problems. The user specifica-
tions should be assessed regarding accessibility, learnability, 
understandability, effectiveness, performance, and objectiv-
ity while designing mobile phone interfaces. Normally, the 
users are provided with factory-set profiles or moods. The 
context information and external interference are ignored 
in adaptive interface design for mobile devices based on 
the traditional user model. The interface has become a bot-
tleneck due to its inability to meet various usage contexts to 
improve software availability (Wang et al. 2014).

The UI is an essential part of any interactive device 
or application, and it is not independent of its context-
of-use, defined by the user, platform, and environment 
(Yigitbas et al. 2017). Surely, unattractive, unreliable, and 
frustrating interfaces in a non-adaptive user interface for 
mobile devices directly impact usability, user satisfaction, 
and performance (Iqbal et al. 2018). The best solution to 
the above-mentioned issues is through the Self-Adaptive 

User-Interface (SAUI) (Machado et al. 2018). SAUI can 
be viewed as an interface that adjusts its structure or con-
tent based on the needs and usage contexts (Braham et al. 
2019). The SAUI aims to enhance the user and UI interac-
tion by adapting aspects, including device layout distribu-
tion and available actions, to the user’s current goals and 
needs (Machado et al. 2018). Ideally, the mobile OS must 
adjust its interface and performance according to its cur-
rent usage context. We acknowledge that significant work 
has been done in the UI software adaptation domain. How-
ever, limited work is performed on Android-based self-
adaptive smartphone/mobile applications. Moreover, the 
current state-of-the-art lacks any framework or model in 
the Android OS-based SAUI context. This acts as the main 
underlying motivation to conduct the current research 
work. As the successful adaptation improves the overall 
usability and performance (Raheel 2016), there is a need 
for a conceptual framework that targets the Android oper-
ating system to make its interface intelligent and effective.

Figure 1 provides an overview of the working mecha-
nism of self-adaptation in the Android OS (indicated 
through the pink line) and in the mobile-based applica-
tion context (shown by the black line). Figure 1 represents 
the two main phases with several sub-steps. Phase 1 is 
related to the OS-based and any domain-specific applica-
tion and is regarded as a Managed System phase. In an 
OS-based context, sensor data are gathered in a particular 
usage context (step 1). Similarly, a user employs a mobile 
application in a domain-specific application-based context. 
Then, the application updates its behavior according to 
the context, such as security, health-based apps, and so on 
(step 1). In contrast, phase 2 gives a high-level overview 
of the working of a self-adaptive mobile OS and mobile 
application and is regarded as a Managing System phase. 
The data from the self-adaptive OS or the application is 
collected (step 2). All the gathered data is sent to some 
adaptive scheme, technique, algorithm, or framework (step 
3), which monitors changes, modifies them, and updates 
them according to their usage context (step 4). Finally, at 
the last step of Phase 2 (step 5), a successful adaptation is 
made according to their usage context (Fig. 1).

The main Research Contributions (RCs) of this work 
are:

•	 RC1 Review the current state-of-the-art to identify the 
research gap in an adaptive user interface in a mobile 
context.

•	 RC2 Report the widely-used self-adaptive models men-
tioned in the literature.

•	 RC3 Propose a conceptual framework for Android OS-
based SAUI context.

•	 RC4 Develop the core algorithms supporting different 
modules of the proposed framework.
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•	 RC5 Evaluate the performance of the proposed frame-
work through case studies and expert-based validation 
techniques.

The following Research Objective (RO) has been focused 
on in this work:

•	 RO To propose and validate the SAUI based conceptual 
framework.

Two main Research Questions (RQs) have been formulated 
related to RO, as follows:

•	 RQ1 What is the attained performance of the proposed 
framework using the designed case studies?

•	 RQ2 What is the practitioner’s feedback regarding the 
proposed framework?

The rest of the article is organized as follows: Sect. 2 pro-
vides the related work about the self-adaptive models. 
The adapted research methodology is discussed in Sect. 3, 
while Sect. 4 presents the proposed framework. In contrast, 
Sect. 5 provides the evaluation and validation criteria. The 
results and discussion are mentioned in Sect. 6, while threats 
to validity are provided in Sect. 7. Section 8 is about the 

research implications, and finally, Sect. 9 concludes the cur-
rent work and outlines potential future research directions.

2 � Related work

The same authors have already performed a detailed system-
atic literature review on self-adaptive mobile-based appli-
cations (Ali et al. 2021). Current state-of-the-art shows the 
interest of researchers in the domain of the adaptive user 
interface in the smartphone context. Machado et al. (2018) 
proposed a conceptual framework for real-time adaptive 
interfaces for web-based applications. The authors addressed 
the common challenges older people face, such as vision 
loss and cognitive decline. However, they focused only on 
older people and targeted web-based applications in their 
work. Similarly, an adaptive framework is proposed by Wat-
tearachchi et al. (2020), which recommends different func-
tions based on the user’s emotions and context parameters, 
including place, time, and current user behavior, that can be 
used to enhance the user experience. The authors focused 
on facial expressions in their proposed framework. The 
user experience may be affected due to the low visibility/
light, age factors, and gender, as mentioned in their work. 
In contrast, Yigitbas et al. (2017) presented a model-driven 

Fig. 1   General workflow of self-adaption in smartphone context
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Integrated Development Environment (IDE). The authors 
named their IDE Adapt-UI, which provides integrated views 
for UI, context, and adaptation modeling. Moreover, the 
authors validated their IDE by designing a case study.

Similarly, Mobile Enterprise Resource Planning (ERP) 
will improve the enterprise’s long-term viability and qual-
ity of life for employees and people’s economic prosperity. 
As a result of the numerous advantages, mobile ERP has 
become an important part of enterprises with ERP systems. 
Omar and Gomez present an adaptive framework archi-
tecture (Omar and Gómez 2017) to support automatic UI 
component adaptation in mobile ERP apps based on the 
context of use. However, due to the usability problem of 
ERP systems and the mobile sense of usage, their model 
suffers from low usability. An interface prototype is devel-
oped by Lee et al. (2011) for Android smartphones sug-
gesting a variety of apps based on the user’s current usage 
context. Moreover, based on a perceptual control theory, the 
authors (Wang et al. 2014) suggested an adaptive user inter-
face model for mobile devices by analyzing the usage con-
text, exporting user intent, and re-designing the context to 
satisfy the requirement of efficient control using perceptual 
control theory. Furthermore, an ontology-based approach 
is proposed by Soui et al. (2017) to automatically recom-
mend AUIs based on the user’s context using Semantic Web 
Rule Language (SWRL) rules. In contrast, Khan and Khusro 
(2019) designed a blind-friendly user interface framework 
for performing common smartphone tasks. Based on the user 
contextual profile, the proposed framework reorganizes the 
interface components, and the authors targeted a simple 
layout design for the interface in their work. Similar work 
is done by Khan et al. (2018) as blind persons having dif-
ficulty accessing and running mobile device elements such 
as finding a button, recognizing templates, and navigating 
the interface. The authors targeted simple applications and 
layout designs in their work and mentioned performing work 
on deep/complex application interfaces as future work.

An adaptive mechanism is proposed by Raheel (2016), 
which can track user behavior on a mobile phone and adjust 
the interface accordingly. Furthermore, Feng and Liu (2015) 
proposed a context-aware adaptive model for a mobile 
location-based service interface. In contrast, Deuschel and 
Scully (2016) designed different principles for the interface 
that can change automatically. The authors Iqbal (2022) pre-
sented a semantic context model for AUI frameworks that 
is based on four contexts: user, device, task, and environ-
ment. The model is created using Protégé and verified for 
consistency and data availability. The model is designed to 
be versatile, scalable, and semantically verified and can be 
mapped to individual UI displays through smart calculations 
for versatile UIs. The available SMS apps are not suitable for 
drivers due to safety concerns. The ConTEXT application is 
proposed by Khan and Khusro (2022), which addresses this 

by adapting interfaces based on driving conditions, improv-
ing safety, and reducing distractions. Empirical evaluation 
shows that ConTEXT minimizes risky interactions for driv-
ers, enhancing safety.

Omar and Gómez (2017) examined how AUIs can help 
boost mobile app usability. The authors explored a few basic 
forms of adaptation that have been shown to improve mobile 
app usability significantly. Yigitbas et al. (2019) proposed 
a framework for creating AUIs which consist of numerous 
components that cover different aspects such as context 
monitoring and widget-level UI adaptation. Similarly, Yigit-
bas et al. (2019) presented a novel method for evaluating the 
usability of UI adaptation for mobile devices, emphasizing 
end-user satisfaction. The authors presented an on-the-fly 
usability testing solution and tried to solve the problems of 
existing methods for assessing user satisfaction with adap-
tive UIs.

Smart TVs are complex devices with a wide range of 
features, which can make their UIs difficult to use and navi-
gate. Additionally, multiple people with different needs and 
preferences often use smart TVs. This makes it difficult to 
design a UI that is suitable for everyone. Khan and Khusro 
(2023) discuss the challenges of designing user interfaces 
(UIs) for smart TVs and propose a personalized adaptive UI 
as a solution. Similarly, a smart TV-based work is performed 
by Khan and Khusro (2023). The authors proposed a smart 
TV-based lifelogging system called SmartLog. SmartLog is 
a framework for logging specific information about watching 
experiences, such as the channels and programs watched, 
the times of day they are watched, and the duration of the 
viewing sessions. SmartLog also collects environmental 
data, such as the room temperature and light level. Another 
work done by Khan et al. (2022), as smart TVs have become 
increasingly complex in recent years, with new features and 
functionalities being constantly added. This has made it 
difficult for designers to create UIs that are both easy to 
use and visually appealing. The authors figure out that one 
of the biggest challenges in designing smart TV UIs is the 
diversity of users. Another challenge is the limited input 
methods available on smart TVs. Despite these challenges, 
the authors also mentioned some opportunities for designing 
better smart TV UIs.

The authors Khan and Khusro (2020) proposed a context-
aware adaptive user interface framework called DriverSense 
to minimize driver distraction. DriverSense is implemented 
on the Android platform and adapts smartphone user inter-
faces based on real-time contextual factors such as driver 
preferences, environmental factors, and device usage using 
adaptation rules. In contrast, Braham et al. (2019) pre-
sented a framework that combines ontology-based models 
with UI design pattern methods to create adaptive mobile 
apps. Their proposed framework allows for the dynamic 
collection of appropriate UI design patterns based on user 
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needs. Moreover, an integrated model-driven development 
approach is presented by Yigitbas et al. (2020) for self-adap-
tive UIs based on traditional model-driven UI development 
approaches.

Table 1 shows that several studies target a single mobile 
application or a specific application category or provide lit-
erature-based general guidelines and principles. Moreover, 
several studies have not performed any validation process 
for their proposed models or frameworks. In addition, a user 
may want to undo or redo the adapted changes based on his 
or her interest, which is also lacking in the reported litera-
ture. User interest and involvement are important factors for 
generating AUIs, which help increase the user experience 
and improve satisfaction.

2.1 � Self‑adaptive model identification

Monitor Analyze Plan Execute-Knowledge (MAPE-K) is a self-
adaptive systems’ influential reference control model. From the 
literature, we also identified the MAPE-k model as the widely-
used self-adaptive model in smartphone application context 
(Casquina et al. 2016; Omar and Gómez 2017; Yigitbas et al. 
2019, 2020; Moghaddam et al. 2017; Cañete et al. 2020; Naqvi 
et al. 2016; Amoud and Roudies 2017; Velázquez-García et al. 
2018; Evers and Geihs 2014; Arcaini et al. 2015).

MAPE-K model contains five main modules. The flow of 
the MAPE-K model is shown in Fig. 2. Monitor (step 1) is 

the first module that collects data about the environment and 
the managed resources, such as status, metrics, configuration 
settings, etc. Furthermore, the monitor compiles the data to 
identify symptoms/signs and sends these symptoms/signs 
to the Analyze module for further processing (Lara et al. 
2019). The analyze module (step 2) includes the mechanism 
for analyzing and reasoning the data sent by the Monitor. 
Moreover, the analysis module determines whether there is a 
need for adaptation. Analyze may use prediction frameworks 
or models (Lara et al. 2019) for data analysis. If there is a 
need for adaptation, it sends a request to the Plan module. 
The Plan module (step 3) generates a plan for modifying 
the managed resource and then passes the plan to the Exe-
cute module (step 4). The Execute module executes a set of 
actions provided by the Plan module to adjust the managed 
resource following the generated plan (Lara et al. 2019). 
The knowledge module (step 5) saves and maintains all the 
information from other MAPE-K model modules (Fig. 2).

We consider the MAPE-K model for the proposed frame-
work due to its flexibility, with the addition of two new mod-
ules based on the framework requirement. The Adaptation 
Controller module is one of the modules that help control 
adaptation rules and other adaptation-related issues. The 
second module is User Validation/Verification, which helps 
enhance user satisfaction. Thus, the proposed framework 
contains seven modules to effectively handle the user inter-
face adaptation (detailed discussion in Sect. 4).

Table 1   Literature review on AUIs

References Research work description Methodology Limitation Target area

Yigitbas et al. (2020) Proposed an approach that 
performs adaptation at 
run time

Model-driven self-adaptive 
UIs approach

Validation is missing, 
Knowledge is missing in 
their adaptation loop

Target single application

Iqbal et al. (2018) Based on the survey, 
proposed a user behavior-
centric model

Survey-based work Provide guidelines for the 
AUI development, Valida-
tion is missing

Literature-based general 
guidelines

Yigitbas et al. (2019) Provide a solution for 
evaluating the usability of 
mobile UI adaptations

Proposed on-the-fly usabil-
ity testing solution

User is unable to undo the 
adaptive changes

Target single application

Braham et al. (2019) Support of design patterns 
in generating adaptive 
mobile user interfaces

Adaptive user interface 
design patterns

Expert’s validation is 
missing

Target single application

Machado et al. (2018) A conceptual framework 
for creating an interac-
tive User Interface for a 
web-based application has 
been proposed

Proposed a conceptual 
framework

Validation is missing Target single application. 
Target a specific age of 
persons

Omar and Gómez (2017) Proposed adaptive UI com-
ponent-based architecture 
in mobile ERP apps

Proposed conceptual model Poor usability of the model 
due to several challenges, 
Validation is missing

Target specific category of 
applications

Lee et al. (2011) The authors conduct two 
literature reviews in the 
AUI domain and design 
8 principles for adaptive 
user interfaces

Conducted two simple 
literature reviews

Validation is missing. 
Methodological evalua-
tion lacks

Literature-based general 
guidelines
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3 � Research methodology

The adopted research methodology for the current work is 
based on three phases:

•	 In Phase 1, a literature review is conducted in the targeted 
domain to determine the limitations of the relevant work 
(discussed in Sect. 2).

•	 In Phase 2, an Android-based conceptual framework is 
proposed grounded on the limitations of the previously 
conducted work (discussed in Sect. 4).

•	 Phase 3 is related to the evaluation and validation of the 
framework. Evaluation is done by the state-of-the-art (by 
designing case studies). In contrast, validation is done by 
state-of-the-practice (expert-based validation technique 
by identifying the domain experts and validating the 
framework), as shown in Fig. 3.

Fig. 2   MAPE-K model work-
flow

Fig. 3   Adopted research meth-
odology
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4 � Proposed framework

This section provides a detailed discussion of the high-
level view of the proposed framework, a detailed view of 
the framework, workflow steps, and general rules for UI 
adaptation.

4.1 � High‑level view of proposed framework

The proposed framework is divided into (i) a managed 
and (ii) a managing System. The process of adaptation is 
performed in the Managing System, such as data collec-
tion, performing analysis, generating plans, and so on. At 
the same time, the displayed UI is a part of the Managed 
System, and the sensors can be considered the intermediate 
between these two parts.

Figure 4 represents the high-level view of the proposed 
framework with the sequence of steps. Firstly, the Moni-
tor module (step 1) is for context monitoring. The Analyzer 
(step 2) is the second module used to perform analysis. The 
third module is Planner (step 3) for generating plans. The 
fourth and fifth modules are adaptation Controller (step 4) 
and User Validation/Verification (step 5). The Executor 
module (step 6) is the sixth, and Knowledge (step 7) is the 
seventh module in which all the information about modules 
and adaptation is stored.

4.2 � Detailed view of proposed framework

Modules in the proposed framework are: (i) Monitor Mod-
ule, (ii) Analyzer Module, (iii) Planner Module, (iv) Adap-
tation Controller Module, (v) User Validation/Verification 
Module, (vi) Executer Module, and (vii) Knowledge Mod-
ule. All the modules, submodules, and flow of the proposed 

framework are shown in Fig.  5. In addition, a detailed 
description of each module of the proposed framework is 
provided in Table 2.

4.3 � Algorithms of proposed framework

From the reported literature, the authors cannot find any 
algorithm or pseudocode proposed in the Android SAUI 
context. As a result, the authors of this study also pro-
posed core algorithms for various modules. The proposed 
framework comprises seven distinct components. Hence, 
to visually depict the core algorithms of each module sepa-
rately, the authors followed the conventional approach of 
utilizing component diagrams, as shown in Fig. 6.

Moreover, the algorithmic details of all modules are 
discussed below:

4.3.1 � Monitor Module Algorithm

The “Monitor Module Algorithm” takes input from a set 
of sensors denoted as S. Initially, all sensor values are 
set to 0. The algorithm then proceeds to identify sensor 
parameters labeled as P. Inside a while loop that continues 
as long as the user interacts with a phone user interface 
(UI), the sensors in set S collect multiple values of P. The 
algorithm further monitors the data environment and saves 
the collected data to a Knowledge Module.

The algorithm generally represents continuously col-
lecting and monitoring sensor data based on user interac-
tions with a phone’s user interface and storing this data in 
a knowledge module. 

Fig. 4   High-level view of the 
proposed framework
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Algorithm 1   Monitor Module Algorithm

/* Dataset of user based sensors */

+Data: Set of sensors S
/* Set all the sensors value to 0 */

+S = 0
+Initially : Identification of sensor parameters P
/* Now this is a While loop */

while User interacts with phone UI do
+S collects multiple P value
+Monitor data environment
+Save data to KnowledgeModule

end

4.3.2 � Analyzer Module Algorithm

The “Analyzer Module Algorithm” begins by selecting 
effective parameters denoted as P*, using some machine 
learning-based techniques (i.e., LSTM, SVM, NLP, and 

other Reinforcement Learning Gheibi et al. 2021). Once 
the parameters are selected, the algorithm performs an 
analysis of them. After that, the algorithm evaluates the 
analysis results, which can be “YES” or “NO.” If the anal-
ysis results are “YES,” it confirms adaptation is required 

Fig. 5   Detailed view of the 
proposed framework
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and proceeds to save data to the Knowledge Module. 
However, if the results are “NO,” the algorithm instructs 
a jump back to the Monitor Module for further monitoring.

In general, the algorithm appears to be a part of a pro-
cess where effective parameter selection and analysis play 
a crucial role in decision-making for the adaptation. 

Table 2   Detail description of modules in the proposed framework

Sr. Module name Details

1 Monitor module The monitor is the first module (Fig. 5, step 1), and the monitor’s purpose is context monitoring 
(Fig. 5, step 1.1). Initially, the framework monitors for seven days as the daily smartphone usage 
differs from the weekend usage. This module monitors the context changes like hourly activities 
(which application user prefers in which hour) and weekend activities (monitor type of application 
usage and activities performed on weekends) and stores all the data in the Knowledge module. It 
also monitors the different search queries users commonly search on their smartphones. It will help 
in item recommendation/suggestions through notifications. Moreover, this module also monitors 
hourly general and advanced settings and the user traveling information to activate the Travelling 
Reader Mode accordingly. Furthermore, the concept of the multi-screen desk helps the user to share 
their phone with others in a controllable usage context, and the monitor module also monitors it. 
All the monitoring module data is collected through the sensors (Lee et al. 2011) and stored in the 
Knowledge module

2 Analyzer module The analyzer is the second module of the framework (Fig. 5, step 2) which identifies the context 
change confirmation (Fig. 5, step 2.1). The main purpose of this module is to finalize whether the 
adaptation is needed by analyzing the data stored in the Knowledge module (Fig. 5, step 2.2). If the 
analyzer module accepts the need for adaptation by analyzing the gathered context monitor data, it 
proceeds to the Planner module

3 Planner module The third is the Planner module (Fig. 5, Step 3) which generates the plan (Fig. 5, Step 3.1) for 
the interface adaptation through the UI Manager (Fig. 5, Step 3.2). UI Manager consists of the 
traditional layouts and basic components (Fig. 5, step 3.3) with additional components like layout 
style, application icon, and widgets combination folder/block (Fig. 5, step 3.4). The Planner module 
generates a planner and sends it to the Adaptation Controller module for further processing

4 Adaptation controller module The Adaptation Controller is the fourth module (Fig. 5, step 4) and checks the rules designed for the 
proposed framework. It also verifies the exact widgets grouping, layout design, recommendation 
notification, and the finalized plan instructions (Fig. 5, step 4.1)

5 User Validation/Verification Module User Validation/Verification is the fifth module of the proposed framework (Fig. 5, step 5). After 
finalizing all the tasks, this final plan is sent to the user according to its selected/specified time slot. 
A checklist of all the new and previous adaptations is shown to the user dividing them into two sec-
tions. The first section of the checklist is for the latest, while the second section is for the previous 
adaptation details. Users may check or uncheck (undo or redo) any new or old adaptation according 
to their interest and finally approve it

6 Executer Module The sixth module is the Executer (Fig. 5, step 6). After the user verification of the planned SAUI, the 
next step is executing that particular plan through a set of event class calls of the system (Fig. 5, 
step 6.1). The executor module then sends this information to the mobile phone’s effectors, and a 
complete SAUI process is done (Fig. 5, step 6.2)

7 Knowledge Module This module maintains all the information and data related to hourly activities, weekend activities, 
search queries, user validation details, general information settings, analyzer module information, 
planner module information, executer module information, recommendation notification informa-
tion, adaptation controller module information, and multi-screen desk monitoring information 
(Fig. 5, step 7). Moreover, if the user wants to switch the SAUI adaptation to turn it able or disable 
it, the user has the authority to do so. Furthermore, on turning ON the self-adaptive user interface 
adaptation option, the framework will provide all of the basic guidelines to the user relevant to the 
framework or provide a trial mode to understand the working of the proposed framework better
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Algorithm 2   Analyzer Module Algorithm

/* Selection of effective parameters using ML */

Selection of effective parameters P ∗

/* /*sretemarapevitceffedetcelesnosisylanamrofreP

P ∗ analysis = DONE
switch Analysis results (YES/NO) do

case YES do
Adaptation confirmation = True
Save data to the Knowledge Module

end
case NO do

Jump back to the Monitor Module
end

end

Fig. 6   Proposed conceptual framework flow, core algorithms based on the component diagram
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4.3.3 � Planner Module Algorithm

The “Planner Module Algorithm” is designed to collect 
and estimate device resources. It begins with the collec-
tion of device resources. Then, the algorithm enters into 
a loop while P* is true. This loop performs a series of 
steps, including selecting applications, relevant widgets, 
components, and layouts.

In general, algorithm plays a vital role in planning and 
resource management. 

Algorithm 3   Planner Algorithm

/* Resources collection and estimation */

+ Collection of device resources = DONE
while P ∗ do
+ Selection of applications
+ Selection of relevant widgets
+ Selection of relevant components
+ Selection of relevant layouts

end

4.3.4 � Adaptation Controller Module Algorithm

The “Adaptation Controller Module Algorithm” outlines 
a procedure for making final selections and grouping veri-
fication of device resources. The process is executed in a 
loop until no items are left to process. Various tasks are 
performed within the loop, including verifying and grouping 
applications and widgets, checking general and advanced 
settings, confirming rules, and managing notifications.

The algorithm ensures proper adaptation by systemati-
cally examining and categorizing various components and 
settings. 

Algorithm 4   Adaptation Controller Module Algorithm

/* Perform final selection and grouping verifications */

while Item left = FALSE do
+ Verifying and grouping applications
+ Verifying and grouping widgets
+ Verify general settings
+ Verify advance settings
+ Verify the rules
+ Manage notifications

end

4.3.5 � User verification/validation Module Algorithm

Initially, the user preference-based selection is started. 
Subsequently, it enters a “do-while” loop that repeats the 
following steps as long as the condition “Adaptation left 
= FALSE” holds. Inside the loop, it selects the user-based 
adaptation and updates the checklist.

Following the loop, an “if-else” statement, if the con-
dition “checklist.checkitems == TRUE” evaluates to true, 
the algorithm collects and saves data into the Knowledge 

Module. Conversely, the algorithm removes items from the 
list if the condition is false.

In general, the algorithm represents user verification and 
validation. It leverages user preferences and a checklist to 
govern the adaptation process. 
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Algorithm 5   User verification/validation Module Algorithm

/* Performing user selection-based adaptation */

+ user preference based selection = started
while Adaptation left = FALSE do
+ Selection of user-based all adaptation
+ Updating the checklist

end
if checklist.checkitems == TRUE then

+ Collect and save data into Knowledge
end
else

+ Clear from the list
end

Fig. 7   Sequence diagram representing the proposed framework
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4.3.6 � Executer Module Algorithm

The “Executer Module Algorithm” performs a series of 
tasks. It begins by receiving user verification decisions, 
denoted as D. Then, it retrieves information from the Knowl-
edge Module and sends these values back to S.”

Following this, it triggers relevant events and classes and 
also executes an adaptive strategy. Finally, it concludes by 
collecting and saving the most recent data into the Knowl-
edge Module, presumably to update or maintain knowledge 
data. 

Algorithm 6   Executer Module Algorithm

/* Performing the expectations */

+Data: User verification’s decisions D
+Getting the relevant data from the Knowledge Module
+Sending the values back to S
+Triggering the relevant events and classes = Started Executed
+Execute the adaptive strategy
+Collecting and saving the latest data into the Knowledge module

Table 3   UI adaptation rules

Rule Title Description Type

Rule-1 Basic tutorial UI Basic and additional SAUI information and navigation information are shown if a 
first-time user wants to learn about the framework

Basic Task Features

Rule-2 Low light Whenever the surrounding lighting condition is low, the user prefers a different light 
scheme. Then change the UI color scheme and contrast to improve readability in 
the dark

Layout

Rule-3 Normal light If the surrounding lighting condition is low and the user prefers a different mobile 
light scheme. Then change the UI color scheme and contrast to default mode

Layout

Rule-4 High light Similarly, when the surrounding lighting condition is high, and the user prefers a 
different light scheme than normal conditions, then improve the readability by 
increasing the UI contrast

Layout

Rule-5 Day mode As the day begins (clock time), all UI elements are displayed according to user 
usage context in the day mode layout

Layout

Rule-6 Night mode When the day is over (clock time), all UI elements are displayed in the night mode 
style based on the usage context

Layout

Rule-7 Vision problem The font size of the UI elements will be adjusted based on the user context if the 
user has vision issues

Layout

Rule-8 Battery low To save energy, the UI is shown in a black and white color scheme when the 
mobile’s battery level is low

Layout

Rule-9 Normal battery Rule “Battery Low” are deactivated when the mobile’s battery level is normal Deactivation
Rule-10 SAUI on option The self-adaptive user interface option can be turned on by the user Activation
Rule-11 SAUI off option The self-adaptive user interface option can be turned off by the user Deactivation
Rule-12 Traveling mode on When the user travels (accelerometer), increase the font and color contrast, making 

it easy to read and interact with the system
Layout

Rule-13 Traveling mode off When the user travels (accelerometer) and does not prefer the reader mode, switch it 
off until the user allows it

Deactivation

Rule-14 Multi-desk switching Users can switch from one screen desk to another Layout
Rule-15 User feedback The adaptation verification list is based on user feedback they prefer Verification
Rule-16 Previous adaptation update The user will make changes to the adaptation list that they previously verified Verification
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4.3.7 � Knowledge Module Algorithm

The “Knowledge Module Algorithm” outlines a procedure 
for managing and maintaining data for future adaptations. 
This algorithm involves several key tasks, including data 
sharing among different modules, saving and updating activ-
ities, user preference-based validations, user query informa-
tion, setting information, multi-screen desk information, and 
all modules’ data and information. This process seems to 

be essential for knowledge management within, ensuring 
that data is saved and updated as needed to support various 
functionalities and user interactions.

The algorithm generally describes the process or opera-
tions of saving and updating various data types for future 
adaptations. 

Algorithm 7   Knowledge Module Algorithm

/* /*snoitatpadaerutufrofatadtsetalehtgnitadpudnagnivaS

+ Data sharing among the different modules
+ Save and update activities
+ Save and update the user preference-based validations
+ Save and update the user query information
+ Save and update the setting information
+ Save and update the multi-screen desk information
+ Save and update all modules’ data and information

4.4 � Workflow of the proposed framework

For a better understanding of the proposed framework, there 
is a need for a diagram in which the flow of the framework 
can be explained with the sequence of steps. With the help of 
the sequence diagram, the flow of the proposed framework 
is shown in Fig. 7, which provides a complete workflow of 
the framework step by step. When the user interacts with 
the smartphone user interface, it triggers the activation of 
the Monitor module (Fig. 7, step 1) and verifies the user 
context change (Fig. 7, step 1.1). Based on the user context 
changes (Fig. 7, step 2), it is to decide either to go to the 
Analyzer module (Fig. 7, step 2.1) or switch back to the 
Monitor (Fig. 7, step 2.2). The Analyzer analyzes the gath-
ered data (Fig. 7, step 3) to decide whether the UI adapta-
tion is needed. If there is a need for the UI adaptation based 
on the performed analysis, then switch to the next module 
(Fig. 7, step 3.1); otherwise, switch back to the Monitor 
module (Fig. 7, step 3.2).

On the confirmation of the need for the UI adaptation, 
the next step is the planning to design the adaptation plan 
(Fig. 7, step 4). Based on the adaptation plan, the next step 
is selecting the relevant items for UI adaptation (Fig. 7, step 
5). The purpose of the Adaptation Controller is to check and 
verify the selected items (Fig. 7, step 6). With the approval, 
all the information is saved to the Knowledge (Fig. 7, step 
6.1), and on the rejection, it switches back to the Planner to 
redesign the appropriate plan (Fig. 7, step 6.2). The Knowl-
edge module maintains all the modules’ information and 
data (Fig. 7, step 7). After the approval, the plan is sent to 

the user for verification (Fig. 7, step 7.1). On user approval, 
the updated plan is sent to the effectors (Fig. 7, step 7.2). 
Based on the rejection, the framework switches back to the 
Monitor module (Fig. 7, step 7.3). All the updated informa-
tion is also stored in the Knowledge (Fig. 7, step 8). UI com-
ponents and features are adapted and updated accordingly 
(Fig. 7, step 8.1). Finally, the user has intelligently updated 
the UI based on interest and satisfaction (Fig. 7, step 9).

Fig. 8   Expert-based validation technique process
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4.5 � General rules for UI adaptation

The rules provide control over adaptive behavior, and for 
efficient working of any framework, the rules must be evalu-
ated at run time based on the latest usage context informa-
tion. Rules should be defined in a universal and portable 
representation dynamically loaded at run time from various 
sources (Yigitbas et al. 2019). Inspired by Yigitbas et al. 
(2019), the authors also introduced 16 UI adaptation rules to 
cover various adaptation dimensions by dividing them into 
four main adaptation strategies. The strategies are: 

	 (i)	 Basic Task Features is about the overall tutorial for 
the user to give complete information to the user 
about how the system is going to perform work,

	 (ii)	 Activation/Deactivation refers to the activation of 
features as well as the feature’s deactivation,

	 (iii)	 The layout allows UI changes to adjust the appear-
ance of the UI, (iv) Verification is based on the user 
feedback (user want to redo or undo).

		    UI adaptation rules that cover various adaptation 
dimensions are discussed in Table 3.

5 � Evaluation and validation criteria

This section is based on the discussion of the evaluation crite-
ria of the proposed framework. Moreover, validation criteria 
for the proposed framework are briefly discussed in the same 
section.

5.1 � Evaluation criteria

For the evaluation of the proposed model or framework, sev-
eral studies have designed their case studies (Yigitbas et al. 
2019; Machado et al. 2018; Wesson et al. 2010; Yigitbas et al. 
2017; Khan et al. 2018; Yigitbas et al. 2019). Similarly, three 
case studies have been designed and developed to evaluate the 
framework. The first case study is based on daily activities, 
while the second is based on the weekly activities of the user. 
Both case studies represent the feasibility and effectiveness of 
the framework.

5.2 � Validation criteria

The framework is validated by industrial experts, who may 
help determine which additional changes are required to 

Fig. 9   Proposed framework evaluation based on the case study 1
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improve the framework. We designed the criteria to figure out 
the valid experts, and the criteria are:

•	 The experts must be working as “Android Developers/
Development.”

•	 Experts must have at least three years of experience in the 
targeted domain.

•	 Experts must be from different regions.

A questionnaire was designed and shared with the identified 
experts. The following link provides the questionnaire used 
for expert-based validation: https://​forms.​gle/​c2WWD​CnqFw​
7mz3G​W7. Moreover, complete details about the experts are 
available on the provided link below: The flow of the adopted 
methodology for the expert-based validation technique is 
shown in Fig. 8. First, the authors designed the questions for 
the questionnaire (step 1). Then, the questionnaire was distrib-
uted among the identified experts (step 2). Next, the experts 
read the questionnaire (step 3), validated the framework (step 
4), and provided their feedback to the authors (step 5). Finally, 
based on the comments and suggestions of the experts, the 
authors modified the framework (step 6).

6 � Results and discussions

Several studies evaluate their proposed models or frame-
works by designing case studies in the literature. The authors 
of this study are not only designing case studies for evalua-
tion, but we also validate the proposed framework through 
an expert-based validation technique.

6.1 � State‑of‑the‑art: case studies based (RQ‑1)

This section aims to investigate the performance of the pro-
posed framework by designing and developing different case 
studies. In other words, this section focuses on answering 
the devised RQ-1.

Three case studies have been designed and developed. 
The first case study is based on daily context monitoring, 
the second is based on weekend context monitoring, and 
the third is focused on emergency situations. The following 
sections provide a brief description of the considered case 
studies:

•	 Case Study 1: Based on daily activities
	   Case study 1 is based on an example scenario by con-

sidering a user as a job holder who goes to the office 
daily. The user prefers an online transportation/traveling 
service (such as an Uber application) to book a ride from 
home to work in the morning. As a result, traveling-based 
applications take precedence over the rest of the applica-
tions installed on the user’s smartphone at that particu-
lar hour. As the widgets are separately available from 
the application, sometimes it is difficult for the user to 
search out a specific widget properly and timely. Provid-
ing all the relevant widgets of particular applications for 
an exact hour in a separate folder/block helps the user to 
search out and perform their tasks quickly and easily and 
also helps manage time efficiently.

	   Therefore, the proposed framework will prioritize 
all traveling applications and relevant widgets to travel 
applications in a separate folder. Moreover, the frame-
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Fig. 10   Proposed framework evaluation based on the case study 2

https://forms.gle/c2WWDCnqFw7mz3GW7
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https://github.com/MugheesAli1/A-Conceptual-Framework-on-Context-Driven-Self-Adaptive-Intelligent-User-Interface-based-on-Android
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work will also manage the smartphone’s general and 
advanced settings, such as profile mode switching, acti-
vation of the traveling reading mode, network connectiv-
ity, screen brightness, volume level, screen layout, and so 
on, as shown in Fig. 9b.

Similarly, on the arrival of the user at the office, the first 
thing the user typically does on their smartphone is check 
for new emails and use other office-related applications. As 
a result, the priority of the traveling application is lower 
than that of the email applications and other office-related 
applications at that particular hour(s). For such hour(s), the 
framework intelligently updates the system’s layout. It pro-
vides email-related applications with all relevant widgets 
in a separate folder and other office-based applications in a 
different folder. Moreover, the framework manages the rest 
of the smartphone settings accordingly, as shown in Fig. 9c. 
This case study shows how effectively and efficiently the 
system is adapted on an hourly basis, and the adaptation is 
based on the user behavior and its usage context.

•	 Case Study 2: Based on the weekend activities
	   Case study 2 is based on a hypothetical example, as 

the weekend activities differ slightly from the daily rou-
tine. Therefore, the framework monitors the weekend 
activities and works accordingly. On weekends, social 
application usage increases compared to the daily rou-

tine. So, such applications have higher priority than email 
or office-based applications. The system will update the 
UI hourly, as shown in Fig. 10a, where the group of all 
social applications and their relevant widgets are shown 
in a single folder based on the user’s hourly preference.

In addition, monitoring search queries is a part of the 
proposed framework, which helps provide relevant item rec-
ommendations to the user through notifications. Consider-
ing the user prefers watching movies on weekends. So, the 
framework also recommends the latest movies according to 
their interest by notifying the user (Fig. 10b).
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Fig. 11   Proposed framework evaluation based on the case study 3

Table 4   Framework design validation

Expert ID Five different categories

– Very poor Poor Fair Good Excellent

E1 – – – Yes –
E2 – – Yes – –
E3 – – – – Yes
E4 – – – – Yes
E5 – – – Yes –
E6 – – – – Yes
E7 – – – Yes –
E8 – – Yes – –

0 Expert 0 Expert 2 Experts 3 Experts 3 Experts
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Moreover, user can sometimes share their smartphone 
with others (kids, friends, and so on) who have complete 
access to the device. The idea of multi-screen desk sharing 
is based on sharing a smartphone under user-defined usage 
control conditions and restrictions. As shown in Fig. 10c, the 
user can share their smartphone device using a multi-screen 
desk option, depending on which application they want to 
share with others (sharing your smartphone with kids or 
other colleagues). For example, consider a user who wants to 
share the device with three different people (Person 1, Per-
son 2, and Person 3), as seen in Fig. 10d–f. Instead of shar-
ing the complete device, the user creates a new screen desk, 
allowing Person 1 to use only four applications (Fig. 10d). In 

addition, the user sets up a different screen desk for Person 2 
and restricts him to use four different applications (Fig. 10e). 
Similarly, the user creates another screen desk for Person 3 
so that they offer to use just two applications for that par-
ticular person (Fig. 10f). Furthermore, the second case study 
demonstrates how efficiently and effectively the device UI is 
adapted based on the user’s weekly behavior and usage con-
text. Moreover, the second case study shows how the user 
can easily manage the mobile phone to share with others.

•	 Case Study 3: Based on the emergency situations
	   Case study 3 is based on an example scenario con-

sidering emergencies such as earthquakes, floods, etc. 
Google develops the Android operating system, and 
Android is providing Google alerts for earthquakes. Con-
sidering the user is in an area prone to natural disasters. 
In this setting, staying informed and ready to respond 
quickly is essential for personal safety. The proposed 
framework monitors emergency alerts. When Google 
Alerts flag a significant event, the framework springs 
into action, ensuring the user receives timely, life-saving 
information (as shown in Fig. 11b). When a notification 
alert appears, if the user allows switching to emergency 
mode, the interface will be updated to a simplified one-
tap access based on the user’s preference (Fig. 11c).

	   The interface is transformed to prominently display 
details about the detected disaster, including its loca-
tion and severity. Additionally, interactive maps are 
presented, offering evacuation routes and locations of 
nearby emergency shelters. Communication applications 

Table 5   Module’s relevance information

Expert ID Different categories

– All are relevant Some may be not 
relevant

Some 
are not 
relevant

E1 – Yes –
E2 – Yes –
E3 Yes – –
E4 Yes - –
E5 Yes - -
E6 Yes - –
E7 – Yes –
E8 Yes – –

5 Experts 3 Experts 0 Expert

Table 6   Evaluation of concepts Expert ID Multiple concept Five different categories

– – Very poor Poor Fair Good Excellent

E1 Multi-screen desk – – ✓ – –
Apps and widgets combo – – – ✓ –

E2 Multi-screen desk – – ✓ – –
Apps and widgets combo – – – ✓ –

E3 Multi-screen desk – – – – ✓

Apps and widgets combo – – – – ✓

E4 Multi-screen desk – – – – ✓

Apps and widgets combo – – – – ✓

E5 Multi-screen desk – – ✓ – –
Apps and widgets combo – – – ✓ –

E6 Multi-screen desk ✓ – – – –
Apps and widgets combo – – – – ✓

E7 Multi-screen desk – – ✓ – –
Apps and widgets combo – – – ✓ –

E8 Multi-screen desk – – ✓ –
Apps and widgets combo – – – ✓ –

Total Multi-screen desk 1 Expert 0 Expert 5 Experts 0 Expert 2 Experts
Apps and widgets combo 0 Expert 0 Expert 0 Expert 5 Expert 3 Experts



101Cognition, Technology & Work (2024) 26:83–106	

1 3

take the front seat, with one-tap access to messaging, 
location-sharing features, and emergency broadcasts. 
This empowers the user to instantly coordinate with fam-

ily and friends, request assistance, and remain informed 
about the situation as it unfolds.

	   By combining the framework’s capabilities with 
Google Alerts, users are better prepared and equipped 

Fig. 12   Readability validation 
of the framework
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Fig. 13   Validation of correctness, logic, understandability, and ordering of modules
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with the most up-to-date information, enhancing their 
safety and resilience during natural disasters. The inte-
gration of real-time alerts from Google ensures that users 
are well-prepared and able to make critical decisions in a 
time-sensitive crisis situation.

6.2 � State‑of‑the‑practice: expert‑based validation 
technique (RQ‑2)

This section focuses on answering the devised RQ-2 to 
investigate the effectiveness of the proposed framework 
by validating industrial experts and getting their feedback 
regarding the framework.

A detailed questionnaire is designed and shared with the 
experts. There are seven critical sections of the developed 
questionnaire. The first section is based on basic information 
to determine whether the selected expert is the right per-
son to validate the framework. The framework diagram and 
design are validated in the second section. The framework’s 
readability is discussed in the third section. The relevance 
of all the framework modules was questioned in the fourth 
section of the questionnaire. The fifth section focused on the 
correctness of flows and the relationships between modules 
and sub-modules. The sixth section of the questionnaire asks 
for any missing information or details in the framework. 
Finally, the seventh section focuses on module labeling and 
proposed framework acceptance. Additional suggestions 
and comments were optional for every expert to fill in. All 

the sections of the designed questionnaire are discussed as 
follows:

•	 Basic information of experts
	   Basic information (name, place to live, years of experi-

ence, current job/position, education, and current com-
pany name) is provided in Appendix A.

•	 Design validation of framework
	   Framework design is validated with five different cat-

egories (very poor, poor, fair, good, excellent) from the 
experts, and their responses are shown in Table 4.

•	 Framework readability validation
	   The experts validate the readability of textual informa-

tion from the framework diagram discussed in this sec-
tion. For example, Fig. 12 shows that all the experts have 
no readability issue (all the experts select “Yes,” which 
means that the textual information is entirely readable for 
them).

Furthermore, based on the comments of all experts, there is 
no readability issue; experts also provide their positive feed-
back on this question. For example, E4 stated that “Frame-
work is very well written.” Moreover, E5 suggests adding 
more details to the diagram, but the authors consider that 
adding more information makes the framework diagram 
complex and may confuse the reader. So, the authors provide 

Fig. 14   Correct labeling and framework acceptance
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a detailed description of different modules and submodules 
based on the other step numbers defined in the proposed 
framework diagram (Fig. 5).

•	 Framework relevance validation
	   The relevance of the information and concepts is dis-

cussed in this section. Based on the feedback from the 
experts regarding that particular question, Table 5 shows 
that the experts agreed that all the information related to 
modules, submodules, and other items presented in the 
framework diagram is relevant.

Furthermore, E2 reported, “I think arranging the mod-
ule vertically is enough, and color coding them may not be 
needed.” In addition, according to the E3, “Everything is 
clear and readable, good choices on colors and fonts and 
style in general.” Moreover, E4 stated that “All modules have 
the relevant information.” Finally, E1 suggested, “A little 
congested. Maybe make it wider and add white spaces in 
between”. So, the authors agreed to provide different colors 
to different modules and their respective sub-modules to dif-
ferentiate between them easily.

Furthermore, questions related to significant concepts 
were asked (multi-screen desk, app, widgets combo) to 
get expert feedback. Validation of the concepts is shown 
in Table 6.

It can be observed that the experts appreciate the pro-
posed concepts of the framework. According to E3, “Excel-
lent work.” Moreover, E2 commented that “Sounds like a 
good idea.” In addition, E1 stated the concepts; “Very rel-
evant and useful feature I would like to have in my phone.” 
E7 also appreciated by commenting, “This is a good idea.”

•	 Framework correctness validation
	   Correctness, logic, orders of different modules, and 

framework understandability are discussed in this sec-
tion. Figure 13a is based on the logical correctness of the 
relationship and flows between the modules and submod-
ules. All the experts approved that the relationship and 
flows between the modules and submodules are logical. 
Moreover, Fig. 13b is about the correctness of the order 
of the modules. It can be easily observed from Fig. 13b 
that all the experts agreed that the order of the modules 
and sub-modules is correct. Furthermore, Fig. 13c is 
based on the correctness of the module identification. 
The majority of the experts agreed that all modules 
are correctly identified. Finally, Fig. 13d is about the 
easy understandability of the framework. Some experts 
stated that the framework is easy to understand, while 
some suggest that there is a need to add some explana-
tion. Hence, the authors decided to provide a descriptive 
explanation.

Moreover, E3 commented, “Excellent work.” Similarly, 
E1 stated, “Not too much aware of the details.” In addition, 
E5 suggested that “knowledge data will be saved locally on 
the machine, which will contain time series data and aggre-
gated data. Will there be a module to save the preferences 
and data to the cloud”. The authors appreciate this valuable 
suggestion that E5 makes and consider this suggestion as a 
future work to explore the workings of cloud computing in 
smartphones and the data synchronization process.

•	 Framework missing information
	   This section is related to investigating any missing 

information in the proposed framework. E1 stated, “I 
think this is a good proposal.” Moreover, according to 
E8, “It is sufficient.” E3 commented, “Everything is cov-
ered sufficiently. Bravo!”’. Similarly, E7 reported that 
“This is fine.” E4 also stated that “Information provided 
is sufficient.” In addition, E2 confirmed that “Idea and 
design seem good.”

•	 Acceptance and suggestions
	   Correct labeling of the modules, sub-modules, and 

the overall acceptance of the framework is discussed in 
this section. Figure 14a is based on correctly labeling the 
modules, submodules, and other items. The experts agree 
on the correctness of labeling modules, sub-modules, 
and other items. Figure 14b states the acceptance of the 
framework. From Fig. 14b, it can be easily noticed that 
the majority of the experts choose “Yes” to accept the 
framework, which approves the correctness and effective-
ness of the proposed framework to make the UI of the 
Android OS adaptive and intelligent.

•	 Additional suggestions and comments of experts
	   Overall, experts appreciate and encourage the efforts 

behind the proposed framework. E1 stated, “Something 
I haven’t seen in a long time. It’s innovative and bold. Go 
ahead”. Moreover, E3 suggests, “Just keep up the good 
work; your work is Fantastic.”

7 � Threats to validity

This section provides the validity threats related to the tar-
geted research work.

Construct validity This threat is related to the fact that rel-
evant studies for this research work are covered. To address 
this threat, a research protocol was adopted for selecting the 
relevant studies published in the previous few years. Differ-
ent electronic databases were targeted for the selection of 
papers. Finally, the potentially relevant studies were selected 
for this research work.
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External validity This threat derives from selecting stud-
ies that may or may not represent the entire study. The snow-
balling technique is applied for the addition of the relevant 
studies. The authors of this work looked into the references 
of the selected studies and tried to determine other relevant 
studies to mitigate this threat.

Internal validity This threat concerns the conceptual 
framework, as an intelligent, self-adaptive user interface 
based on the Android OS is presented. We evaluate the pro-
posed framework by designing case studies to overcome 
this threat. Moreover, the proposed framework is validated 
through an expert-based validation technique.

Conclusion validity This threat concerns the conclusion 
aspects. To mitigate this threat, the proposed framework is 
evaluated through case studies and validated by industrial 
experts. Moreover, the valuable comments and suggestions 
of the experts regarding the different aspects of the proposed 
framework show the effectiveness of the framework.

8 � Research implications

The research implication section can be viewed from the 
two facts: (i) State-of-the-Art and (ii) State-of-the-Practice.

8.1 � State‑of‑the‑art

The researchers have performed significant work in the 
domain of AUI in a software systems context. Furthermore, 
in recent studies, the researchers have shown their interest in 
a mobile-based application context to make the UI of mobile 
applications adaptive. However, less work is reported in 
the mobile application domain. Similarly, we presented an 
SAUI based on the Android OS to make the UI of the mobile 
device adaptive. It not only helps improve user interest and 
satisfaction but also improves the overall performance of 
the mobile device. In addition, the authors of this study also 
proposed the core algorithms of different modules of the 
proposed framework. So, this study provides a foundation 
for future research in the field of SAUI in a mobile OS-
based context. Moreover, this study allows the researchers 
to improve the proposed core algorithms and contribute to 
research by making the UI more intelligent and adaptive.

8.2 � State‑of‑the‑practice

This conducted study not only facilitates the researchers 
but also facilitates the practitioners in different ways. This 
research guides the developers who wish to work in the 
domain of AUI in the mobile context. Moreover, a basic 
understanding of the development of the AUI is precisely 
described in this work. Furthermore, the concepts discussed 
in the proposed framework also help the developers develop 

adaptive mobile launchers for different mobile devices. In 
addition, core algorithms and the detailed view of the mod-
ules help develop and understand how other modules are 
interlinked and perform their tasks, respectively.

9 � Conclusion and future work

This research proposes a conceptual framework for a self-
adaptive user interface based on the Android OS. The frame-
work helps improve user satisfaction and experience by 
making the mobile interface intelligent and effective. A self-
adaptive model was identified from the reported literature, 
and new modules were added based on the requirements of 
the proposed framework. The authors also proposed core 
algorithms for the various modules of the framework. The 
proposed framework is evaluated through state-of-the-art 
(designing case studies) and validated through state-of-the-
practice (expert-based validation technique). Three case 
studies were designed and developed, demonstrating how 
effectively and efficiently the device UI is adapted based 
on user behavior and usage context. Moreover, industrial 
experts from different regions were also identified. Finally, 
the proposed framework is shared with the identified experts 
for validation through a questionnaire based on several 
sections.

This research provides a new way for researchers to work 
on SAUI in the context of the Android OS. Moreover, this 
research work also provides a way for the researchers to 
operate and improve the core algorithms proposed in this 
research work.

In the future, we plan to enhance this work by explor-
ing the monitor module’s data handling. Moreover, we plan 
to identify which machine learning technique is better for 
such a data type, which helps identify the need for adapta-
tion. Additionally, we also plan to improve the proposed 
algorithms. Moreover, the work performed by authors (Ahl-
ström et al. 2020) can be considered for future work, as the 
authors proposed tracking the phone usage in traffic through 
the mobile application. It can be considered for adaptation 
in such a way that based on over usage while riding or driv-
ing, the smartphone will continuously notify and can make 
some UI updates which ultimately helps the user not to use 
the smartphone but to focus on the road.
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