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Abstract

The key to reach high software acceptability depends on how end-users interact with systems.
In this line, Intelligent User Interfaces have emerged as a solution that aims to learn about
users’ behavior and adapt the interfaces to the user’s characteristics, likes and preferences. The
design of Intelligent User Interfaces involves a series of challenges, including the enhancement
of usability and adaptability of these interfaces; and maintaining a high user experience. To
overcome these challenges, Intelligent User Interfaces rely on automatic learning to adapt
widgets according to users s. The main contribution of this thesis is to design a methodology
to automate the process of collecting and classifying user characteristics as much as possible
and to customize, in execution time, the widgets to such characteristics. These customizations
will affect both the user who is currently interacting and future users who share the same profile
as the current user. The proposal is based on the use of conceptual models to: 1) define a user
model to represent user characteristics abstractly, and 2) specify the widgets that can be
modified and the adaptation rules to modify them in an interaction model. The methodology
used in the thesis is Design Science, which includes the definition of the artifacts and their
evaluation.
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1. Context, problem statement and Research Questions

One of the current challenges in software development is quality, which is a software characteristic with
several subcharacteristics [1]. One of these subcharacteristics is usability, which is strongly related to
the subjective preferences of end-users. Among the different attributes that aim to get usable systems,
one of them is the customization. This means that systems can be adapted to end-user preferences, goals,
interests, etc. However, how the systems are adapted is a research challenge, as adaptations should be
done in a subtle way and enhancing the usability. For this purpose, the concept of Intelligent User
Interfaces (IUI) has arisen in recent years to improve human-computer interaction [2]. IUIs are defined
as a subfield of Human Computer Interaction (HCI) that relies on adaptivity at runtime, modifying
interaction features based on the user’s current usage [3]. To develop [UIs, the following questions must
be answered: 1) What is considered intelligent?, 2) How is this intelligence characterized?, and 3) What
abilities are attributed to an intelligent entity? [4]. In the process of implementing [UIs, the system must
detect the characteristics of the end-user and the context to customize the Graphical User Interface
(GUI) to them. These interfaces require the support of an artificial intelligence algorithm (IA algorithm)
to learn about the user profile and save their interaction preferences.
Designing [UIs involves several challenges that motivate the work of the current thesis:
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1. Definition of a user model to abstractly represent end-user characteristics and context.
This challenge aims to analyze existing user models and propose a new conceptual model that
gathers as many end-user characteristics as possible. This new user model can include elements
not present in previous user models in case of necessity [5, 6]. This new user model should
identify which of these end-user’s characteristics are necessary to customize the GUI,
distinguishing between static characteristics (such as gender or age) and dynamic
characteristics (such as context or emotional status) [7].

2. Definition of an artificial intelligence algorithm to learn end-user preferences while the
user interacts with the system. This algorithm is intended to learn about user’s characteristics
to determine the user’s profile. This algorithm must detect when the model misidentifies the
user profile, in other words, it must detect false positives-negatives [8]. Moreover, it should
reduce the time needed to detect and learn about the user profile [9], and identify the target of
the end-users with the system. This target may involve different ways of interaction [10].

3. Definition of an algorithm to customize the GUI’s widgets to be compliant with the user
profile. Based on the preferences stored in the user model and the end-user’s target, the system
must automatically adapt the GUI by customizing its widgets [11]. It is also necessary to
establish a mechanism that allows the user to modify the GUI’s customization performed by
the system.

This thesis aims to overcome all these challenges from a perspective of conceptual models. The
problem statement of the thesis is to define a methodology to automate the customization of IUIs
using conceptual models. This methodology starts with the definition of a user model that contains the
static and dynamic characteristics of users. Next, the methodology uses an interaction model that
abstractly represents the GUIs, such as UsiXML [12], to identify the metrics that collect the user
characteristics to complete an instance of the user model. The interaction model is based on abstract
representations of the GUI. Specifically, there is an Abstract Model to represent GUIs independently of
the platform and a Concrete Model that specify a GUI for a specific platform. Once the user model has
been populated, an artificial intelligence algorithm is used to dynamically modify the interaction models
to customize the widgets to end-user preferences. This methodology enables the automation of the
customization process for IUIs in execution time, reducing the need of manual intervention, and
enhancing user experience. For example, the GUI of autonomous car will hide some components when
a user is driving and will display these components when the car is stopped. Similarly, The GUI of an
e-commerce, will display the graphical components with more resolution when a user interacts from a
personal computer, and the GUI will reduce the resolution of these components when a user interacts
from a mobile device.

To address the previously problem statement, we propose the following high-level research
question: How can we specify intelligent user interfaces based on conceptual models? To answer
this question, we decompose it into several sub-questions:

RQ1: What is the user model that defines the most important user’s characteristics?

RQ2: How to collect user characteristics and how to analyze these user characteristics?

RQ3: Which widgets should be customized to the user and how to conduct the customization?

This work is structured as follows. Section 2 provides an overview of the previous literature on [UISs.
Section 3 presents the methodology used to perform this thesis. Section 4 describes the proposed
objectives. Finally, Section 7 presents the conclusions.

2.Related works

In the development of Intelligent User Interfaces (IUI), researchers have explored various approaches
to make interfaces more adaptive and personalized to users' needs. Some of the related works in the
development of IUI include user modeling and profiling techniques, which involve collecting
information about users and using it to personalize their experience. In this field, Al Seraj et al. [13]
provides a survey of existing user modeling techniques, including both rule-based and data-driven
approaches. Zanker et al. [14] explore a machine learning approach to user modeling, showing how this
approach can be used to provide better recommendations. The limitations of these works include the
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use of limited data sets, the difficulty of obtaining accurate user information, and the challenge of
developing algorithms that can effectively model user behavior and context.

Other related works in the development of IUI deal with adaptive interfaces, which can change and
evolve based on user feedback and behavior. In this line, the Adaptive User Interfaces Toolkits (AUIT)
[15] focus on the scaling and rotation of different widgets. AUIT includes sensors that detect user
movements, the direction in which the user is looking for, the distance between the user and a device,
and if there is an obstruction between the user and the system. Mayer et al. [16] present a study in which
they compare different adaptable user interfaces based on user context and define the difference
between adaptable and adaptive user interfaces. The study aims to evaluate the differences and
similarities of adaptive interfaces to analyze the applications, limitations, and possibilities of
harmonization. The authors claim that each system implements adaptive widgets differently, making it
difficult to propose a general method for designing any [UI. In the same line, Pfeuffer et al. [17] conduct
a study to determine the user experience and design parameters in augmented reality (AR) applications
based on user’s gaze. According to the authors, the user’s gaze can provide information about the world
without overloading the user. They conclude that the design of AR adaptive interfaces has several
difficulties caused by many underlying factors, ranging from the scenarios and interaction tasks to the
dynamic characteristics of the users. All these works highlight the complexity of designing and
implementing [UI, and the need of a user-centered design and evaluation methods.

Furthermore, there have been many prior studies on the use of IUI In the field of recommendation
systems, there are frameworks such as the Personality and Emotion Integrated Attentive (PEIA)
framework [18]. This framework considers user's likes, emotions, and preferences to provide music
recommendations. MemoMusic [19] uses the user's current emotional state and previous musical tastes
to rank songs and suggest the one that is aligned with their current emotional state. Kim et al. [20]
presents a music recommendation system based on human activity measured by real-time sensors such
as accelerometer and gyroscope. However, the main limitation of these works is that they are all focused
on user’s emotional status and preferences, and these data are difficult to obtain automatically.

Finally, there are others works focused on developing IUI from conceptual models. Woodward et
al. [21] present a conceptual model for developing IUI that improves the children’s cognitive abilities
and motor skills. This model identifies seven major high-level themes that are specific for children.
Three of these themes, User Behavior, User Input, and User Context, are present in users; three others,
System Output, System Behavior, and System Context, are present in the system, and the System
Intelligence, serves as a link between the user and the system. In the same line, User Interface-Dynamic
Software Product Line (UI-DSPL) methodology [22] combines the final user interface model defined
in Model-Based User Interface Development (MBUID) and the real-time adaptation defined in
Dynamic Software Product Line (DSPL) to define the different rules to adapt the IUI. UI-DSPL
describes two types of adaptation: context constraint where the relationship between the user context
and the system context are described, and the aspect constraint, where the modifications of the graphical
components are defined. Yigitbas et al. [23] present a Model-Driven Development approach to define
Self-Adaptive User Interfaces (SAUIs) with real-time adaptation. This approach is based on the IFML
language and combines ContextML (to adjust to the context-of-use) with AdaptML (to adapt the
graphical components). The limitation of these works is that they are focused on the user’s context,
avoiding other important user characteristics such as emotional status or disabilities.

The main limitations of the previous research of [UI include the use of limited datasets, the difficulty
for obtaining accurate information from the user automatically, the challenge of developing algorithms
that can effectively model user behavior and context, and the lack of a systematic approach to customize
and personalize GUIs at runtime. This thesis aims to overcome these limitations by providing a more
sophisticated user model to capture relevant user characteristics and context, a machine learning
algorithm to analyze the diverse user characteristics extracted, and a methodology to systematize and
automate the GUIs customization.

3. Research Methodology

We use the Design Science Research (DSR) approach [24, 25] to answer the research questions. This
methodology is based on the design and research of the different artifacts within a specific context. It
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consists of two main phases: Design phase where an analysis is carried out with the aim of making a
real-world change and Research phase where a real or hypothetical analysis of the real world with the
goal of changing certain aspects is conducted. Multiple solutions can be proposed by designers in the
project, and these solutions are evaluated according to their utility to achieve the project objectives.
These stages iterate cyclically defining a series of questions in the design stage and solving them in the
research stage.

For this thesis, in the design phase, we will analyze what are the most important user characteristics to
establish the different groups of users; which characteristics should be collected automatically by the
system, and which ones should be defined by the end-user manually; how users are classified according
to these characteristics; what widgets abstractly represented in an interaction model can be customized
to the end-user’s profile; and how to customize widgets dynamically from interfaces defined in
interaction models. In the research phase, we plan to conduct several empirical experiments with
students to analyze whether they consider these user characteristics as relevant for the GUI
customization. Moreover, we plan to conduct an experiment to evaluate if the metrics to collect users’
characteristics work properly. Finally, we plan to evaluate if customized GUI meets the users’ usability
expectations. This evaluation will be done using System Usability Scale (SUS) [26], a 5-point Likert
scale questionnaire.

WP3: TO DEFINE METRICS TO

COLLECT THE USER

CHARACTERISTICS
WP2: TO CONDUCT A SURVEY TO TEST THE

LEVEL OF ACCEPTANCE OF THE CHOSEN

USER CHARACTERISTICS

P4: TO DEFINE AN EXPERIMENT TO
CHECK THE CORRECTNESS OF THE
WP1: TO DEFINE A USER MODEL
PROPOSED METRICS
WITH THE MOST IMPORTANT

USER CHARACTERISTICS

WP5: TO DEFINE AN IAALGORITHM TO ANALYZE THE USER

CHARACTERISTICS AND IDENTIFY THE USER PROFILE.

WP6: TO DEFINE THE WIDGETS THAT

ARE GOING TO BE ADAPTED

WP7: TO DEVELOP AN EXPERIMENT TO VALIDATE THE
ADAPTATION AND USABILITY OF THE INTELLIGENT USER
INTERAFCE AFTER APLYING OUR PROPOSED METHOD

Figure 1 Definition of the work points formulated in this thesis.

To implement these phases, we will design a series of work packages, represented in Figure 1.
Additionally, we estimate the time for each work package. For the design phase, we define the
following packages:

e WPI1: To define a user model with the most relevant user characteristics. (Month 1 to
Month 6)

e WP2: To conduct a survey to test the level of acceptance of the chosen user
characteristics. (Month 7 to Month 8)

e  WP3: To define metrics to collect the user characteristics. (Month 9 to Month 14)

e  WPS: To define an algorithm to analyze the user characteristics and identify the user
profile. (Month 18 to Month 24)
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e  WP6: To define the widgets that are going to be customized. (Month 25 to Month 30)
For the research phase, we design the following work packages:
e WP4: To conduct an experiment to check the correctness of the proposed metrics.
(Month 14 to Month 17)
e  WP7: To conduct an experiment to validate the user’s satisfaction of the customization
and usability of IUI after applying our proposed method. (Month 30 to Month 35)

4. Research Contributions of this work and actual status

The main contribution of this thesis is to provide a methodology to automate the process of
developing intelligent user interfaces using conceptual models. To achieve this objective, more
specific subobjectives have been defined:

4.1 Define a user model with the user’s characteristics.

This subobjective aims to determine which user characteristics must be included in the user model to
customize the GUI according to the user’s profile. We have reviewed the existing literature to identify
the characteristics that need to be included in a user model to represent different users’ profiles. All
these characteristics were gathered in the proposed user model. To validate this new user model, we
conducted a survey where users chose which user characteristics, they considered relevant for the
customization of GUIs in different contexts. The results were compared with the characteristics most
rated in existing works. Finally, we conducted a study to look for a correlation between the demographic
characteristics of the users and the characteristics expressed in the user model. Currently, the user model
has been proposed and validated with 62 subjects. The results yielded that users consider interests,
disabilities, and language as the most important characteristics to customize the GUI.

4.2 Definition of metrics to extract the user’s profile.

This subobjective aims to define metrics that specify how the user characteristics expressed in the user
model are extracted from the interaction between the user and the GUI. Some user characteristics must
be manually defined by the user in a form, and some others can be extracted automatically considering
the interaction actions. All the collected characteristics will be used to learn about the user profile. Users
that share the same profile will have the same GUI customizations.

The metrics that can be applied automatically will be defined using conceptual primitives of an
interaction model that represents GUI abstractly. These metrics must specify the source widgets used
to extract the users’ characteristics. For example, to know user’s preferences, we can specify a metric
to count the number of clicks done in a conceptual primitive that represents an action in the GUI. The
more clicks receive this action, the more preference has this widget for such user’s profile. As
interaction model, we plan to use UsiXML [12], that is widely used in the Model-Driven context. This
model divides the GUI into different abstraction levels. Our approach focuses on two models: the
abstract model and the concrete model. The abstract model aims to specify what elements are required
in the GUI; while the concrete model specifies how the widgets are displayed in the GUIL.

The metrics that depend on the information provided by the user require a form where the user must
fill in manually. An example of metrics of this type is the choice of hobbies from a list. The proposed
metrics will be evaluated comparing the extracted information from the user with the real information.
We need to study the actions done with the GUI to analyze automatic metrics and to study the
information provided in the forms for the manual metrics. After defining these metrics, we will define
an IA algorithm to analyze the user characteristics proposed in the user model. Currently, we have
defined which metrics must be entered manually by the user and which metrics can be applied by the
system automatically. The definition IA algorithm to analyze user characteristics have not been started
yet.
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4.3. Specify the widgets adaptation automatically.

This subobjective aims to specify how to dynamically customize widgets based on the information
saved in the user model for users with the same profile as the user currently interacting with the system.
To achieve this, we need to analyze previous works that deal with how user characteristics may affect
widgets. We plan to use the UsiXML language to model the GUI and specify an algorithm to customize
widgets at runtime based on the user’s profile. We also aim to conduct an empirical experiment to
compare the customized GUI after applying our proposed method with the original GUI to analyze the
usability. Usability will be measured in terms of effectiveness, efficiency, and satisfaction to analyze
whether the customized GUI improves usability. Once the widgets have been adapted automatically,
the users can correct the adaptations according to their preferences. These preferences will have more
priority in the adaptation than the characteristics expressed in the user model. This subobjective has not
been started yet.

5. Conclusion

This thesis aims to define a method to customize GUI to users’ preferences using conceptual models.
We aim to automate the customization process as much as possible, considering that the results of the
customization must improve the usability. We have defined a user model to gather users’ characteristics
that share the same profile. As future work, we plan to define metrics to extract users’ characteristics
and an algorithm to customize widgets in real-time. This thesis is in the context of Model-Driven
Development, where models are used to express system features.
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