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Abstract—This study presents the design and modeling of an
adaptive hypermedia system, capable of dynamically adjusting to
the needs and characteristics of each learner according to their
profile. In the digital age, where digital content must respond to
varied profiles and adapt to learners' preferences and skills, this
system offers a personalized approach that improves the learning
and interaction experience. This personalized approach aims to
enrich the learning and interaction experience with learning
environments. This work consists of analyzing the different types
of learner profiles, in order to identify the key criteria for effective
personalization. Based on this, the authors developed a model of
an adaptive and dynamic hypermedia system, capable of adapting
in real time. To ensure a clear and coherent structure, the use of
UML (Unified Modeling Language) modeling is increased.
Preliminary results show that this system offers a relevant and
targeted experience thanks to learner engagement and
satisfaction, making learning both more relevant and more
enjoyable. This work paves the way for future research on the
optimization of hypermedia systems by further integrating the
individual behaviors of learners, in a truly adaptive learning
environment, which values the potential of each learner.

Keywords—Design; adaptive hypermedia; learning styles; user
modeling; UML models

l. INTRODUCTION

Currently, hypermedia learning systems, whether online
educational platforms, interactive digital courses or distance
learning tools, interactive digital environments occupy a central
place in modern education [1], [2]. By combining texts, images,
videos, sounds and hypertext links to enrich the user experience
[3]. These systems offer a richer learning experience than
traditional media. However, despite their advantages, the
majority of these systems lack sufficient adaptability to
personalize the experience according to users, their context and
their learning styles [4]. Most of them have a major limitation:
their rigidity. Few are able to truly adapt to the particularities of
each learner, their learning style, their skill level or their context
of use. Faced with this observation, dynamic adaptive learning
systems are emerging as a promising solution and represent a
significant evolution in online learning and knowledge
management [5]. The integration of artificial intelligence
techniques, recommendation technologies in platforms and
recommendation algorithms, allows to meet the growing need
for individualization in education and takes into account the
individual differences of users, their learning preferences, their

skill levels and their context of use, while offering personalized,
effective and optimized learning experiences and adjusting the
content and interface in real time to improve the learning
experience and effectiveness. Personalize the educational
experience in real time, adjusting the content, the difficulty of
the exercises, and even the user interface to optimize
engagement and learning effectiveness [6], [7]. This
individualized approach meets a growing need in the
educational field, where learners have different rhythms,
preferences and objectives [8], [9]. However, designing such a
system requires a flexible architecture and complex decision
logic, capable of processing heterogeneous data (such as user
performance, interactions or history) to generate relevant
learning paths [10], [11]. This is where Unified Modeling
Language (UML) plays a key role. By providing a visual and
structured representation of system components, interactions
between actors, and adaptation mechanisms, UML allows these
technical requirements to be formalized while ensuring a robust
and scalable design [12], [13]. Using UML for the design of
personalized and flexible educational systems is crucial. Thanks
to a clear representation of the dynamic structure, complex
interactions, and adaptation mechanisms, UML allows the
specification of both functional requirements such as content
customization and non-functional requirements such as
performance and security [14], [15], [16], [11], [17], [18], [19],
[20], [21] and [22].

This research aims to design an innovative model of a
dynamic adaptive hypermedia system capable of adjusting in
real time to the specific needs of users. To achieve this, the
working approach in this study is based on a UML modeling
defining the components, interactions and adaptation
mechanisms necessary for the personalization of the user
experience in real time and complete that integrates three
essential dimensions: the management of learner profiles (skills,
preferences and learning history), the adaptation mechanisms
(personalization rules and content recommendation algorithms),
and the underlying software architecture (functional modules,
data flows and user interfaces). The study is structured in four
main parts: we will start by drawing up an in-depth state of the
art of existing adaptive hypermedia systems and their current
limitations; we will then present our design methodology with
the different UML diagrams (use cases, classes and sequences);
then we will analyze the preliminary results demonstrating the
impact of adaptivity on learner engagement; Finally, we will
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explore future perspectives, particularly the advanced
integration of artificial intelligence to refine personalization.
Through this study, we aspire to contribute significantly to the
development of intelligent learning environments where
technology serves the development of each learner's individual
potential.

This research adds to recent studies on adaptive hypermedia
systems [4], [6], [8], while presenting notable methodological
advances. Unlike current methods that rely mainly on
adjustment based on fixed profiles [9], [12] or established
guidelines [15], our model proposes a more advanced dynamic
approach, drawn from recent advances in the field of educational
Al [17], [20]. In contrast to traditional approaches that modify
content linearly [5], [7], our device incorporates a double
adaptation: both of learning trajectories and user interfaces, thus
filling two gaps identified in the publications [10], [13].
Furthermore, the proposed UML model provides a more
exhaustive formalization than the architectures detailed in [11],
[14]. Explicitly incorporating instantaneous feedback and
contextual adjustment processes, often neglected in previous
research. This approach offers us the opportunity to address still
unresolved issues in the field, such as the administration of
changes between various levels of complexity and the harmony
between system direction and student independence.

Il.  THEORETICAL FRAMEWORK

The theoretical framework of our work on the design and
modeling of a dynamic adaptive hypermedia system is based on
several key areas that include learning theories, system
adaptability, hypermedia technologies, and static and dynamic
interactive system modeling approaches. This framework is
based on theories and concepts from artificial intelligence,
software engineering, interface customization, and pedagogy.

A. Learning Theories and Adaptive Systems

Learning theories are at the heart of adaptive systems, as they
influence how content should be structured and presented. They
play a central role in the design of adaptive learning systems,
especially in hypermedia environments. They provide the
conceptual foundations that guide the adaptation of learning
paths according to learners' profiles and needs. These theories
explain  how individuals acquire, process, and retain
information, which helps to structure and personalize learning
experiences. Learning theories include cognitive, constructivist,
and behaviorist approaches, each with a specific impact on the
design of adaptive learning environments [11], [23], [24]. Some
of the most influential theories include:

1) Multimodal and adaptive learning: Multimodal learning
theory proposes that learners process information more
efficiently when it is presented in multiple forms, such as text,
images, videos, interactive simulations, etc. This approach
takes into account the fact that individuals have diverse
preferences in terms of sensory modalities (visual, auditory,
kinesthetic), which directly influences the design of adaptive
learning systems. This theory makes it possible to design
learning environments that can adapt to different learning styles
[25], [26]. Adaptive hypermedia systems exploit this theory by
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offering a variety of teaching resources and adjusting content
according to individual learners' preferences.

2) Cognitive and constructivist theories of learning:
Cognitive and constructivist theories of learning provide
fundamental foundations for the design of adaptive hypermedia
systems. These theories share a common vision that learning is
an active process where learners construct their own knowledge
by integrating new information into their existing cognitive
structures.

Indeed, cognitive theories focus on how learners perceive,
process, and store information. This theory suggests that
learners organize information in their long-term memory
through processes such as encoding and recall [27], [28].
Adaptive hypermedia systems incorporate these principles by
structuring content to avoid cognitive overload and by offering
contextual help or additional explanations based on learners'
answers or mistakes [11].

Constructivist theories, such as those of Piaget and
Vygotsky, emphasize the active role of the learner in the
construction of knowledge that allows him to build his own
understanding of the world according to his experiences [23]. In
an adaptive system, this implies that content must adjust
according to the learner's skill level and learning style, as does
modular content, which adjusts to the user's choices to meet their
immediate interests or needs. By allowing the learner to actively
explore resources, often in interactive environments, such as
immersive environments or simulations, where the learner can
manipulate variables and observe the results [11].

Cognitive and constructivist theories strongly influence the
design of adaptive hypermedia systems by directing their ability
to provide personalized, interactive, and contextual learning.
These theories help to understand learners' needs and design
tools that can dynamically adapt to their progress and
preferences, enhancing the effectiveness of learning in modern
digital environments.

3) Socioconstructivist ~ learning and  adaptation:
Socioconstructivist theories emphasize the crucial role of social
interactions in the learning process. These theories, inspired
mainly by the works of Vygotsky and other researchers,
postulate that learning is a social and contextual activity where
individuals construct their knowledge through their interactions
with others, cultural tools, and their environment [29], [23] . In
the context of adaptive learning systems, these principles
translate into the integration of interfaces, collaborative tools,
and coping mechanisms that promote these interactions [11],
[30].

4) Theory of Experience-Based Learning (Learning by
Doing): The idea that individuals learn best by practicing and
experiencing real-life situations is at the heart of modern
approaches to learning and provides a solid basis for the design
of adaptive learning systems [31], [32]. This perspective draws
on several theories and pedagogical frameworks, including
experiential learning, situated cognition, and constructionism.
Indeed:
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Kolb's theory of experiential learning proposes that learning
occurs through a cycle of concrete experiences followed by
reflections and applications [33]. Adaptive systems can leverage
this theory to provide immersive learning experiences tailored
to learners' needs. Adaptive systems use this cycle to provide
interactive activities, simulations, and assessments that promote
active learning.

Situated cognition suggests that learning is most effective
when it takes place in contexts close to those where the
knowledge will be applied [30]. Adaptive learning environments
draw inspiration from this theory to create realistic scenarios,
immersive tasks, or serious games where users can directly
apply the skills.

According to the theory of constructionism, individuals learn
by creating concrete artifacts [34]. Adaptive systems allow
learners to build digital projects while receiving real-time
feedback to adjust their actions.

The integration of real-life practices and experiences into
adaptive systems is based on a sound theoretical foundation and
offers an effective approach to meeting the varied needs of
learners. By combining simulation, personalization and
feedback, these systems promote active and relevant learning,
making users better prepared to apply their knowledge in real-
world contexts.

B. Adaptive Systems and Hypermedia

1) Concept and applications: Adaptive  systems in
education aim to adjust learning paths according to the specific
characteristics of learners, such as their level of competence,
learning preferences, or learning pace. [35], [36], [37], [38].
Hypermedia systems refer to non-linear information systems
where users can navigate between multimedia resources, often
interactively. These systems offer great flexibility and a richer
learning experience compared to traditional teaching materials
(books or lectures) [39], [40], [41], [42], [43].

When the two systems are combined, they leverage digital
media (text, image, video, sound, etc.) to provide user-friendly
educational resources and materials. Their integration helps
create powerful learning environments that provide a
personalized, multi-modal experience. In these environments,
the educational content is not only adapted according to the
learner's profile, but is also interactive and immersive, thanks to
the use of multimedia technologies. Adaptive systems seek to
meet the individual needs of users by adjusting resources based
on their behavior, context, and preferences. These systems are
often used in e-learning, content recommendation, and
knowledge management applications. Indeed, adaptive
hypermedia systems are based on the idea that the user can
navigate through different types of content (text, video, image,
etc.), with the possibility that each resource is adjusted
according to the user. Such a system must incorporate the ability
to analyze user interaction and adjust content or navigation paths
in real time [44], [45], [11], [46], [47].

2) Characteristics of adaptive systems: An adaptive system
is a system that is able to modify its behavior or responses based
on user interactions or characteristics. In an educational
context, this includes several dimensions [48], [49], [50], [51].
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Performance-based adaptation: The system adjusts content
based on the learner's previous actions, such as right or wrong
answers in a quiz, or how quickly they complete a task.

Preference-based adaptation: Some adaptive systems adjust
the path based on a learner's learning styles (visual, auditory,
kinesthetic), interests, or priorities;

Context-based adaptation: The system can adjust its
behavior according to the learning context, which could include
the time of day, the environment, or the device used (computer,
tablet, mobile phone).

These systems use adaptation algorithms, learner profiling
models, and feedback mechanisms to deliver a personalized
journey.

I1l.  RESULTS

1) Unified Modeling Language (UML): Dynamic adaptive
hypermedia systems (SHAD) meet the diverse needs of users
by adjusting their content, navigation, and presentation based
on criteria such as preferences, context, and behavior. UML
modeling is a standardized and powerful approach to
representing, designing, and documenting software (and
sometimes non-software) systems using graphical diagrams
[51]. UML makes it possible to visualize the structure, behavior
and interactions of the different components of a system, thus
facilitating communication between stakeholders, both
technical and non-technical. UML is widely used in software
engineering to analyze functional and non-functional
requirements, design robust software architectures, and
document existing or developing systems [52], [53], [54], [55],
[56]. Through this study, we propose four diagrams, including
two structural diagrams (class diagram and use case diagram)
and two behavioral diagrams (sequence diagram and activity
diagram).

2) The class diagram: The class diagram is an essential tool
for modeling the static structure of software systems. By clearly
defining classes, their attributes, methods, and relationships, it
plays a central role in object-oriented design. This diagram is
particularly useful in educational contexts, where it allows to
model complex learning environments, integrating various
roles (teachers, learners, courses, content, etc.). Our diagram
has eleven classes.

3) The Use case diagram: The use case diagram is an
essential tool for understanding and modeling the interactions
between a system and its users. Its simplicity and
expressiveness make it a powerful communication tool to
identify key features of the system while ensuring that they
meet the needs of the stakeholders

4) The activity diagram: The activity diagram is a graphical
representation used in the UML language to model workflows
or processes in a system. It highlights the sequence of activities,
decisions, bifurcations, and synchronizations in a given
process.

5) The sequence diagram: The sequence diagram is an
essential tool for modeling dynamic scenarios in a system. By
showing how actors and components interact over time, it
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makes it possible to design, analyze and optimize complex
processes. This methodology is particularly useful in
educational contexts, where user-system interaction is crucial to
provide a personalized and effective experience.

IVV. DISCUSSION

In this section, we discuss the modeling results in the form
of a description of the various proposed diagrams:

A. The Class Diagram

The Fig. 1 presents the class diagram. It includes eleven
interconnected classes, each playing a key role in meeting the
educational needs of learners, teachers, and administrators, in
the following format:

The LearningEnvironment class: This class is the nerve
center of the learning environment system, managing the entire
learning process. It has a unique identifier (id), is associated with
a specific course, and stores the learner's environment
preferences. The LearningEnvironment class uses these
preferences to configure itself, recommend activities based on
the learner's learning style (getActivityRecommendations), and
evaluate the suitability of the current environment
(evaluateEnvironment). For example, assessment Environment
(preferences: Environment Preferences): bool: evaluates the
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current learning environment based on the learner's preferences
and returns a Boolean value indicating whether the environment
is suitable. These operations ensure that the learning experience
is tailored to the needs of each learner, making
LearningEnvironment the "brain™ of the system that coordinates
all interactions.

The LearningStyleProfile class: This class captures a
learner's preferred learning style, allowing for personalized
learning experience. It has a unique identifier (id) and is
associated with a specific learner. The profile stores the learner's
preferred learning styles (e.g., "Visual Learner", "Auditory
Learner") and their preferred learning environment settings
(environmentPreferences). For example, if a learner prefers a
custom environment, this information will be stored in the
EnvironmentPreferences attribute.

The LearningStyleProfile can be updated with new learner
data (updateLearningStyles) and can determine the optimal
learning environment for the learner based on their preferences
(getOptimalEnvironment). This allows LearningEnvironment to
tailor the learning experience to the individual needs of the
learner, ensuring a more effective and engaging learning
environment.

+Influence
1 1 +Suggest 1
LearningEnvironment +Adapt LearningStyleProfile
+id nt 1 L+ |«dim Content
1 |+course: Course +learner: Learner +id:int
+environmentPreferences: EnvironmentPreferences e +learningStyles: string +Title: string
+configure(preferences: EnvironmentPreferences): void +updateleamingStyles(data: LearnerData): void :D'escr(lgllon S.E.rling
+getActivityRecommendations(learner: Learner): List<Activity> +getOptimalEnvironment(): EnvironmentPreferences +tr?123iaTG'ﬂ§'niﬂg§igT e
+evaluateEnvironment(preferences: EnvironmentPreferences): bool 1 url atrin)gp P
+Create +language: LanguageType Lx
o= —
+Has 1..* | +display(leamer: Leamer): void
. +Have 1 1
1 Learner EvironmentPreferences
Teacher +nstructs +1d: int e
- ] +Hd: int
t‘:aﬂl]n; string 1 1. :g;gﬁmsmng +visualPreferences: List=string=
+courses: List<Course= 1 +learningStyleProfile: LearningStyleProfile :Eiﬂé?% ?::e;f;;;ie:lslt_i(;gl;ﬁ:g> 1
+

+createActivity(course: Course, activity: Activity): void +,C;uer';e;:;::i':lmst +otherPreferences: List=string> -

+updateActivity(activity: Actvity): void +Preferences: List +AddPreferences()

+addCourse(course: Course): void ! o +Score: float +RemovePreferences()

+viewProgress(leamer: Learner, course: Course): void

+giveFeedback() +viewActivity(activity: Activity): void

+managelearners(course: Course): void +completeActivity(activity: Activity): Performance +Achieve Performance

1 +submitActivity(activity: Activity): Performance .
) +requestHelp(message: string)’ void B | +d int

tProvides Receives +viewFeedback(feedback: Feedback): void +date: Date

1 ¢ 1+ o +updatePreferences(preferences: List<Preference>): void ::E:EL‘S[JIDA&;WW
. +Related -

Feedback +Manages L L L 1 +RecordData()
sid-int (rEnrolls +Completes +Composed
+performance: Performance 1% 1L 1 1
+comments: string ’ 1
+suggestedActivities: List<Activity> - Preference —

- - Course Activity i int
+generateSuggestions(): void — - !
+d: int +id: int +type: PreferenceType
1 +name: string N +name: string +value: string
+description: string Contains +type: Activity Type +getValue()
+Level: string 1.x +difficultyLevel: int g
+Create +activities: List<Activity> i‘conte_m'SCﬂlmenE_ L S
+Contains +addActivity(activity: Activity): void eamingStyles. List<LeamingStyle> |  » +Uses
— +remaveActivity{activity: Activity): void +deliverContent(): void
1.* |+getAverageScore(learner: Learner): float +isCompatible(learner: Learner): bool
+getCompletionRate(lzarner: Learner): float +Matches
+getCompletedActivities(learner: Learner) 1 L
+Relates

Fig. 1. Class Diagram.
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Content Class: This class represents learning materials,
including text, videos, images, quizzes, and other resources. The
content provides the basic learning materials that learners
interact with to acquire knowledge and skills. In this class, to
define the different types of learning content, media formats, and
languages in your system, we had to use enumerations. For
example, the ContentType enumeration lists the different types
of content such as "Video," "Text," and "Quiz." Similarly, the
MediaType enumeration defines media formats such as
"Video/mp4" and "text/html,” while the LanguageType
enumeration lists supported languages such as "English,"”
"Spanish,” and "French." Using enumerations for these
attributes ensures that the values are consistent, readable, and
easy to manage. Using enumerations makes the code more
readable by providing meaningful names for the values instead
of using raw strings. Enumerations also prevent invalid
attributes from being accidentally assigned invalid values. Also,
if we need to add new content types, media types, or languages,
we only need to update the enumeration, not all the places where
we use those values. Finally, you don't need to create another
class with these names. For operations. Learner Void displays
the content item to the learner.

The Learner class: This class represents the user of the
learning environment system, the individual who learns and
interacts with the system’s features. The Learner can view the
activities (viewActivity), complete them (completeActivity),
submit them for grading (submitActivity), ask the teacher for
help (requestHelp), and view the feedback provided by the
teacher (viewFeedback). They can also update their preferences
for the learning environment (updatePreferences). For example,
a learner can complete an activity (completeActivity), receive
feedback on their performance (viewFeedback), and then update
their preferences (updatePreferences). The Learner is the central
actor in the learning environment, engaging in activities,
receiving feedback and monitoring their progress.

The EnvironmentPreferences class: This class captures a
learner's preferences related to their learning styles, allowing
them to customize their experience. It has a unique identifier (id)
and stores a list of preferences categorized by learning style:
visual (visualPreferences), auditory (auditoryPreferences),
kinesthetic (kinestheticPreferences), and other
(otherPreferences). For example, a learner may have visual
preferences for learning via diagrams and videos, auditory
preferences for listening to lectures and podcasts, and
kinesthetic  preferences for hands-on activities. The
EnvironmentPreferences class allows you to add new
preferences (addPreference) and remove existing ones
(removePreference). This flexibility allows learners to adjust
their preferences as needed, ensuring a personalized learning
experience that aligns with their individual learning styles.

Performance class: This class records a learner's
performance on a specific activity, by entering their score and
the date the activity was completed. It also retains a link to the
activity itself. For example, a Performance record might show
that a learner scored 85% on an activity on a specific date. This
class allows the system to track the learner's progress, identify
areas where they may need additional support or guidance, and
provide personalized feedback.
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Activity class: This class represents a specific task or
learning activity that learners participate in, such as taking a
quiz, watching a video, or participating in a discussion. It has a
unique identifier (id), a name, an ActivityType, a difficulty
level, and is associated with a specific Content object. The
activity also maintains a list of learning styles that it is
compatible with (learningStyles). For example, a video activity
may be compatible with visual learners, while a hands-on
activity may be compatible with kinesthetic learners. The
Activity class provides operations to deliver its content to the
learner (deliverContent) and to check if it is compatible with the
learner's learning style (isCompatible). This allows the system
to recommend activities that are relevant and engaging for each
learner, based on their individual preferences. The Activity class
provides the building blocks of the learning experience,
providing structured learning tasks that learners can perform to
gain knowledge and skills.

Preference class: This class represents a specific preference
related to a learner's learning style, allowing them to personalize
their learning experience. It has a unique identifier (id), a type
(PreferenceType), and a value (value). For example, a
Preference object can represent a learner's preference for
learning through visual aids (e.g., diagrams, videos), hearing
aids (e.g., lectures, podcasts), or kinesthetic activities (e.g.,
hands-on projects). For the operation, getValue() retrieves the
value of the preference. This would allow the system to access
the preference information and use it to tailor the learning
experience to the learner's individual learning style.

The Teacher Class: This class can create new activities for a
specific course (createActivity), update existing activities
(updateActivity), and add new courses to its list (addCourse). It
can also view a specific learner's progress in a course
(viewProgress), provide feedback to learners (giveFeedback),
and manage learners enrolled in a specific course
(manageLearners). For example, an instructor can create a new
quiz activity for a specific course (createActivity), view a
learner's progress in that course (viewProgress), and then
provide feedback on their quiz performance (giveFeedback).
The teacher plays a crucial role in guiding and supporting
learners, providing instruction, feedback, and guidance to help
them achieve their learning goals.

The Coursework class: This class represents a structured set
of learning materials and activities that learners can enroll in to
gain knowledge and skills in a specific subject area. It has a
unique identifier (id), a name, a description, a level (for example,
"Beginner", "Intermediate”, "Advanced") and a list of activities
included in the course (activities). The Course class allows you
to add new activities (addActivity) and delete existing activities
(remove Activity). It also provides operations to calculate a
learner's average score in the course (getAverageScore),
calculate a learner's completion rate in the course
(getCompletionRate), and retrieve a list of activities completed
by a learner in the course (getCompletedActivities). For
example, an instructor can add a new activity to a course
(addActivity), view a learner's average score in that course
(getAverageScore), and then provide feedback on their
performance based on their progress. The Courses class provides
a framework for organizing and delivering learning content,
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allowing learners to focus on specific areas of study and track
their progress.

The Feedback class: This class represents the feedback
provided to a learner by a teacher about their performance in an
activity. It has a unique identifier (id), is associated with a
specific performance record, and stores feedback provided by
the instructor (feedback). It also keeps a list of suggested
activities  based on  the learner's  performance
(suggestedActivities). The Feedback class provides an operation
to generate activity suggestions based on the learner's
performance (generateSuggestions). This allows the teacher to
provide personalized recommendations for further learning,
helping learners improve their understanding and address areas
where they may need additional support.

As a summary of our proposed classroom diagram, it
includes eleven interconnected classrooms, each of which plays
a key role in meeting the pedagogical needs of learners, teachers,
and administrators. We propose a synthesis of the main classes
and their interactions:

a) Learner-Centered Classes:

e Learner Profile and LearningStyleProfile: Capture
individual learning preferences and styles to personalize
learning experiences;

EnvironmentPreferences: Allows the configuration of
specific environments adapted to sensory preferences
(visual, auditory, kinesthetic);

Performance: Tracks the learner's progress and records
scores for completed activities.

b) Content and activity classes:
Content: Represents multimedia learning materials;

Activity: Defines the instructional tasks associated with
the content, compatible with different learning styles;

Course: Structures content and activities into coherent
modules for learners.

c) Interaction and feedback classes:

Feedback: Provides personalized
suggestions to improve performance;

feedback and

Teacher: Allows teachers to create and administer
courses, provide feedback, and track learners' progress.

d) Central Class:

LearningEnvironment: Coordinates all interactions
between classes, ensuring maximum customization and
efficiency.

In conclusion, the proposed class diagram illustrates a well-
defined architecture for a digital learning system, highlighting:

Personalization: With classes like LearningStyleProfile and
EnvironmentPreferences, the educational experience is tailored
to the specific needs of learners;

Monitoring and feedback: The system promotes scalable
learning, where performance is evaluated and used to generate
targeted recommendations;
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Flexibility and extensibility: The use of enumerations in
classes such as Content and Activity ensures that they are easy
to update and maintain.

B. The Case Diagram

In our case, the use case diagram, Fig. 2 depicts the dynamic
interactions within a learning environment system, highlighting
the roles of the teacher and learner.

The teacher, acting as a course creator, has the ability to
design courses, develop individual activities, update existing
activities, monitor the learner's progress, and provide feedback
on completed tasks.

The learner, in turn, can register for courses, access and view
course content, complete assigned activities, submit work for
evaluation, ask the teacher for assistance, view feedback,
personalize their learning experience by adjusting their
preferences, and modify certain aspects of their learning
environment.

The system itself plays a critical role in facilitating this
interaction by recommending activities based on the learner's
progress and preferences, analyzing the learning environment to
identify areas for improvement, and dynamically adapting the
learner's learning style based on their performance and
interactivity, creating a personalized and engaging learning
experience.

As a summary of our use case diagram, it models the
interactions between the main actors (teachers, learners and
system) within a personalized learning environment. It
highlights the features and dynamic relationships needed to
deliver an enriched and interactive educational experience. We
mention the different roles of the main actors

a) The teacher:

Content Creator and Administrator : Ability to create
courses, design instructional activities, and update
existing ones;

Teacher Guide: Can monitor learners' progress, provide
personalized feedback, and recommend appropriate
activities.

b) The learner:

Active Participant : Can view courses, complete assigned
activities, and submit assignments for evaluation;

Personalization: Can adjust learning preferences, ask for
help, and view feedback to improve their experience.
¢) The system:

Interaction Facilitator : Recommends activities based on
learners' progress and preferences;

Dynamic Adaptation: Adjusts the learning environment
and style based on learners' performance, providing
continuous customization.

In conclusion, the diagram illustrates a balanced interaction
architecture oriented towards personalized learning. Key
features include:
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Update Learning style

Update preferences

X
Teacher
Update activity
Give feedback's

Adjust en\nronment / System
Evaluate Environment

@age learners

Fig. 2. Use Case Diagram.

Optimize learning with intelligent recommendations and
dynamic adjustments.

Enhance learner engagement by providing an interactive and
personalized experience.

Support the teacher in his or her role as a pedagogical guide
with appropriate tools.

C. The Activity Diagram

The Fig. 3 presents the process, which begins by retrieving
the learner's learning style and preferences, which are then used
to configure the learning environment according to the learner's
needs. Once the environment is set up, the system provides the
relevant content to the learner and recommends appropriate
activities based on their learning preferences. The learner then
completes the recommended activity and their performance is
recorded by the system, the synchronization relationship: the
"Complete Activity" and "Record Performance" activities are
synchronized, which means that both must be completed before
moving on to the next step where the teacher provides feedback
to the learner based on their performance. Then, the system
analyzes its interactions with the learning materials. Based on
this analysis, the learner's learning style is updated, and the
environment can be reconfigured to better meet their changing
needs. The system then recommends new activities that are
tailored to the learner's updated learning style and preferences,
starting the cycle all over again. This iterative process ensures
that the learning experience is continuously tailored to the

individual needs of the learner, providing a personalized and
effective learning environment.

In summary, the proposed activity diagram models a
dynamic and iterative process intended to personalize learning
experiences within an education system. The key steps in this
process highlight the use of learner preferences and performance
to continuously adapt content and activities. Key steps include:

Learning Preferences and Style Collection: The system starts
by retrieving data about the learner's learning style and
preferences.

Configuration of the learning environment: This data allows
you to configure an environment adapted to the specific needs
of the learner.

Activity recommendation: The system proposes relevant
educational activities based on the preferences collected.

Performance tracking and recording: The learner's
performance is recorded after each activity, allowing for
objective evaluation.

Personalized feedback: The teacher provides results-based
feedback, improving human-system interaction.

Interaction analysis: The system analyzes the learner's
interactions with the content to adjust future recommendations.

Learning style update: Based on the data collected, the
learning style is reviewed, and the environment is reconfigured
to better meet the evolving needs of the learner.
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[Retrieve learning style and preferences]

)

[Conhgure learning envirom'nenj

Deliver Content

Recommend activity

Complete Activity

| Record performance

Provide feedbacks

Analyze interactions

l

[ Update environment

Yes

[ Update learning style ]

No

[Reconiigure EnvironmemJ

[Recommend new activities -

Fig. 3. Activity diagram.

This iterative process is designed to ensure continuous
personalization, where each cycle improves the efficiency and
relevance of the educational experience.

In conclusion, the activity diagram presented demonstrates
an effective design for a personalized education system. Its
strengths include:

Adaptability: Constant analysis of performance and
interactions allows recommendations to be adjusted in real time.

Dynamic personalization: The iterative cycle ensures that the
learning environment evolves with the needs of the learner.

The central role of the teacher: By providing qualitative
feedback, the teacher plays a key role in optimizing the process.

D. The Sequence Diagram

The Fig. 4 presents the sequence diagram, which illustrates
the interaction between the Teacher, System, Learner, Course,
Activity, Learning Environment and Performance objects.

Vol. 16, No. 4, 2025

The teacher starts by creating a new course and several
activities in the system. The system stores these objects. The
learner then interacts with the system, potentially accessing the
course and engaging in the activities. When the learner interacts
with the activities, their performance is recorded in the
Performance object. The system can then analyze the learner's
performance and potentially trigger an update to the learning
environment, depending on the analysis. This update may
involve adjustments to the learning environment or
recommending new activities based on the learner's
performance.

It is important to note that the teacher can also access the
performance data and provide feedback to the learner through
the system. This feedback can be in the form of comments,
suggestions, or advice.

The diagram highlights the collaborative nature of the
learning environment, where the teacher creates and manages
the content, the learner interacts with the system, and the system
dynamically adapts to the learner's progress and needs, with the
teacher providing feedback to improve the learning process.

In summary, the sequence diagram provided highlights the
dynamic interactions between the key actors and components of
an education system, such as the teacher, the learner, the system,
the courses, the activities, and the learning environment. This
model illustrates a collaborative process:

Role of the teacher: Creation of educational content and
consultation of learners' performance data.

Learner role: Interaction with the system through the
proposed activities, generating performance data.

System management: Data recording, performance analysis,
dynamic  adaptation of the learning environment,
recommendation and new activities.

Personalized adaptation: Adjustments made to the learning
environment based on learners' performance, enhancing
pedagogical effectiveness.

The model also emphasizes the importance of feedback from
teaching, stopping learning through guidance and
complementary adjustments.

In conclusion, this sequence diagram illustrates an
interactive educational and adaptive ecosystem, where the
teaching, the learner, and the ecosystem system for the goals of
the goals optimized. With a focus on personalization and
dynamic feedback, it demonstrates how an environment of
environment designed within the framework of individual
learners' needs while maintaining an active role for teaching.

This modeled approach is particularly relevant in contexts
where digital learning requires flexibility, responsiveness and
collaboration to deliver a rich and engaging experience.

605|Page

www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 16, No. 4, 2025

sd SequenceDiagraml )

1 : Create course

4 «Creates

LI‘---?----

«creates .

O

3 - Create activity N

Learner

7 - Refrieving learning style

5 : Start the course

6 : Getting started

i 8 - Retrieve environment preferences

59 > «Creates ..

_)| Learning environment

10: Recomme:nd activity

11 : Work on the activity in the personnalized environment

14 -«Creates
T

Ll H 12 : Complete activity :
B LRERTT TEEPEPEPPE Fesmemeneraeanaannas TR T EP e PP PP T PP EPEFEPEP PP EEPERE =
: 13 : Synchironizing

b s

15 : Record performance

________ _| Performance

T 17 : Check perfarmﬁncé

|_I18 : Send perforrnancei : .
______________________

18 -iProvide feedback

19 :Analyze intetaction

:

seq Update environment ? )

21: Réconfigure En{fironment

20 : Update Iea:ming style

A

22 - Recommend hew activities

T —

23 : Work on activitie

Fig. 4. Sequence Diagram.

V.  THEORETICAL AND PRACTICAL CONTRIBUTIONS

This research makes three main contributions to the field of
adaptive hypermedia systems. On a theoretical level, it proposes
an innovative conceptual model that unifies content and user
interface adaptation, thus filling a gap identified in the literature
[57]. The developed UML modeling framework offers a more
comprehensive formalization than existing architectures [58],
explicitly integrating dynamic decision-making and contextual
adjustment mechanisms. From a methodological perspective,
our approach demonstrates how modeling techniques can be
combined with Al algorithms to create more responsive and
personalized learning systems. On a practical level, this work
offers concrete benefits for various stakeholders in the
educational field. For learners, the system offers a more
engaging experience better adapted to their individual needs,
which could improve retention and success rates. For

instructional designers, our model provides a structured
framework for developing adaptive content without requiring
advanced technical skills. Educational institutions will find a
scalable solution that can be gradually integrated into their
existing infrastructures, with potential implications in terms of
cost reduction and optimization of educational resources.

VI.

Several limitations deserve to be highlighted in this study.
First, the current model relies on assumptions regarding the
availability and quality of training data, which may not always
be verified in real-world educational contexts. Second, although
our UML approach allows for a comprehensive representation
of the system, its practical implementation would require
computational resources that could pose challenges in some
capacity-limited environments. Another important limitation
concerns the generalizability of the results: our preliminary

RESEARCH LIMITATIONS
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validation, while promising, was conducted in a specific context
and should be extended to more diverse learner populations.
Finally, the current system does not yet fully address aspects
related to interoperability with other learning platforms, a
crucial dimension for widespread adoption. However, these
limitations open up interesting avenues for future research,
particularly on the optimization of adaptation algorithms and
integration with existing educational standards.

VIl. SUGGESTIONS FOR FUTURE RESEARCH

Although the technologies and architectures of adaptive
systems have evolved enormously, several challenges remain:

1) Next, we will develop the prototyping of the system
based on the diagrams developed in this study, and ultimately
develop our hypermedia system.

2) Current adaptive systems often use Al models, which
limits teachers' and learners' confidence in the proposed
recommendations. We can then develop explainability
mechanisms (XAl) integrated into UML diagrams (annotations
in sequence diagrams to trace adaptation decisions).

3) Current profiles often ignore emotional states
(frustration, motivation), which are critical in pedagogy. We
can therefore extend the class diagram with emotional attributes
(biometric data or textual analyses).

VIIl. CONCLUSION

Adaptive learning systems represent a major advancement in
digital pedagogy, drawing on a synergy between artificial
intelligence, data analytics, and cloud infrastructures. These
technologies enable the delivery of truly personalized
experiences, where every element—content, pace, assessment
methods, and interface—dynamically adjusts to the learner's
needs. Modern microservice architectures offer the flexibility to
continually integrate new capabilities, such as emotion analysis
or augmented reality, while ensuring performance and security.
However, this potential comes with crucial challenges:
algorithm transparency, energy footprint reduction, and
sensitive data protection. The future of these systems lies in their
ability to combine technological sophistication with a human-
centered approach, while adhering to open standards for
widespread adoption. The next frontier will be developing
predictive and immersive learning ecosystems that can not only
adapt to learners, but also anticipate their needs throughout their
educational journey.
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