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Abstract:Learning Management Systems (LMS) have evolved considerably, offering flexible and affordable access to learning and
training. However, limitations persist in current solutions, such as a lack of personalisation, limited learner engagement, and often linear
learning experiences that are poorly adapted to individual needs. This context highlights the need for more intelligent and adaptive
solutions to meet the varied expectations of modern learners.
Our work explores the integration of neural networks and deep learning for the generation of intelligent and adaptive e-learning
platforms. We provide detailed modelling that demonstrates how artificial intelligence (AI) and deep learning can personalise and
automate learning paths, creating more engaging and attractive learning environments. Using advanced neural network techniques, we
can analyse learners’ behaviour in real time and adjust content and teaching methods to meet their specific needs.
In-depth analysis of learning data provides a better understanding of learner behaviour and enables content and teaching methods to be
adjusted on an ongoing basis. This approach offers a vision of a near future in which e-learning platforms become much more effective
and enriching. Through detailed UML modelling, our work paves the way for truly personalised learning experiences, increasing learner
motivation and engagement. In summary, the integration of AI and deep learning into LMSs promises to revolutionise the field of
e-learning, making learning experiences more adaptive, effective and fulfilling.
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1. INTRODUCTION
E-learning platforms (LMS) have become massively

popular in recent years. They offer learners flexible and
accessible access to learning, enabling them to acquire new
knowledge and skills [1]. However, despite their many ad-
vantages, current LMS solutions still have many limitations,
the main challenges being the lack of personalization of
learning paths, the often limited engagement of learners, and
learning experiences that are too linear and poorly adapted
to individual needs [2]. Faced with these challenges, our
work consists of modeling an e-learning system in UML,
taking advantage of recent advances in artificial intelligence
(AI) and machine learning to offer more intelligent, adaptive
and engaging learning experiences.
In order to model a well-structured, fast and agile system
that takes into account learner engagement, and successfully
tailors the learning experience to individual learner needs
for effective personalization, it is necessary to create an ap-
propriate environment for the organization and management
of learning. However, the design and modeling of such a
system must also be carried out using modern technologies.
This multiplicity of existing technological solutions there-
fore raises the question of which tools, functionalities and

services provided by e-learning platforms are sufficiently
effective to be selected in an informed manner. This article
presents the UML modeling and design of a learning
activity management system, leading to the determination
of a fundamental system structure with five main functions:
organization, information, collaboration, support and pro-
duction. We explain our approach using tools that enable the
implementation of contextualized pedagogy aligned with
user preferences and needs.

2. BACKGROUND THEORY AND METHODOLOGY
This article, in its theoretical foundations, is based on

the concept of e-learning and its crucial importance in the
e-learning process. It also explores artificial intelligence
technologies, such as neural networks, for in-depth analysis
of multimedia resources, including images, videos and
documents. By using Deep Learning, it becomes possible to
model the learning behaviour of learners, enabling greater
personalisation of educational pathways. The combination
of these innovative approaches is giving rise to a new gen-
eration of intelligent, adaptive platforms. These platforms
not only offer flexible and affordable access to learning, but
also transform the educational experience by making it more
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interactive and engaging. By incorporating these technolog-
ical advances, platforms can continually adapt content and
teaching methods to the individual needs of learners. This
paves the way for more dynamic learning environments,
where each user benefits from a personalised path optimised
by AI, maximising efficiency and engagement in online
learning.

A. E-LEARNING ADAPTATIF
Adaptive e-learning represents a significant advance in

the field of online education, aimed at personalizing the
learning experience for each user. Unlike the traditional
e-learning model, where the same content is delivered to
all learners, adaptive e-learning uses advanced technologies
such as artificial intelligence and deep learning to ana-
lyze learners’ individual behaviors and needs. This makes
it possible to provide tailor-made content and teaching
methods, adapted in real time. This approach not only
improves learner engagement and motivation, but also opti-
mizes their progress by adjusting to their specific pace and
skills. According to Smith and Doe [3], integrating adaptive
systems into e-learning platforms can significantly increase
the effectiveness of e-learning by making experiences more
immersive and relevant to each user. Furthermore, Brown
[4] points out that these adaptive technologies can transform
the way learners interact with educational content, offering
more personalized and dynamic experiences.
Adaptive e-learning goes beyond the basic functionalities
of e-learning by offering customised learning experiences.
These technologies analyse the behaviour and individual
needs of learners to adapt content and teaching methods
in real time. This makes it possible to respond more
precisely to the expectations of each user, thereby increasing
the effectiveness of learning. Thanks to continuous anal-
ysis of learning data, platforms can adjust learning paths
according to learners’ progress and preferences, offering
unprecedented personalisation. This dynamic adaptation not
only improves student engagement by providing them with
relevant and stimulating content, but also optimises their
educational journey by offering appropriate challenges and
complementary resources at the right time. By integrating
advanced technologies such as artificial intelligence and
machine learning, adaptive e-learning creates interactive and
responsive learning environments, capable of continually
adjusting to offer enriching and individualised educational
experiences.
This makes it possible to :

• Offer more personalized access to training courses, by
adjusting content and teaching resources according to
learners’ progress and preferences. According to re-
cent studies, personalized learning paths significantly
enhance student engagement and learning outcomes
[5].

• Enable learners to follow dynamic, interactive learn-
ing paths that continually adapt to keep them engaged
and motivated. Research has shown that dynamic

learning environments that adapt to student interac-
tions improve both motivation and retention rates [6].

• Promote greater autonomy, as learners receive im-
mediate feedback and personalized recommendations,
facilitating self-regulation of their learning. Immedi-
ate feedback and personalized recommendations have
been found to promote self-regulated learning and
improve overall academic performance [7].

However, adaptive e-learning also presents challenges:

• The lack of human contact remains a problem, and al-
though digital interaction is personalized, some learn-
ers may need face-to-face support. A recent study
highlights that human interaction remains crucial for
certain types of learners, especially those with special
needs [8].

• The technological complexity of adaptive systems
can represent a barrier to their implementation and
adoption by some institutions. According to one anal-
ysis, technological challenges and associated costs are
among the main obstacles to the adoption of adaptive
learning systems [9].

• A risk of excessive automation, where content, though
personalized, may lack nuance and responsiveness
compared to direct human interaction. Researchers
warn against the danger of overly mechanical person-
alization, which may ignore the more subtle aspects
of human learning [10].

• The need for learners to maintain high motivation
and self-discipline, without the rigid guidance of
traditional courses. Studies show that increased au-
tonomy in adaptive learning can sometimes lead to
motivational and time management challenges for
some learners [5].

• The difficulty of integrating human practices and
feedback, essential for certain types of learning, into
a purely adaptive online framework. The literature
emphasizes the importance of balancing adaptive
technologies with elements of human interaction to
maximize learning effectiveness [7].
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Figure 1. example of an adaptive e-learning system layer

B. NEURAL NETWORKS
This study highlights how convolutional neural networks

(CNNs) can be used to analyse multimedia resources (im-
ages, videos, documents) in depth in order to extract a
detailed semantic understanding. This will make it easier
to personalise learning paths according to the profile and
needs of each learner. In addition, recurrent neural networks
(RNN, LSTM) will be able to model learners’ learning
behaviour, dynamically adapting teaching interventions in
real time to optimise the learning experience. This dynamic
and personalised approach, made possible by advances in
artificial intelligence and deep learning, aims to create more
engaging and effective educational environments. It will
also enable learning content and activities to be tailored
not only to the skill level, but also to the preferences
and pace of each learner, while providing continuous and
relevant feedback to support their progress. By integrating
these advanced technologies, the study paves the way for
a new generation of e-learning platforms that are not only
responsive to user needs, but also capable of evolving and
continuously improving thanks to the analysis of learning
data in real time.

Figure 2. examples of neural network types

C. DEEP LEARNING
The integration of Deep Learning will enable the plat-

form to continuously learn and improve from interactions
with learners, and suggest the best content, activities and
learning paths based on each learner’s profile and progress.
This will optimize learning engagement and effectiveness.

Figure 3. example of deep learning roles in e-learning

By combining these different capabilities offered by neu-
ral networks and Deep Learning, e-learning platforms will
become much more intelligent, adaptive and engaging for
learners. At the same time, in-depth analysis of learning data
will enable us to better understand learners’ behaviors and
constantly adjust content and teaching methods. This vision
of a future approach to e-learning platforms, underpinned
by detailed UML modeling, paves the way for much more
effective and fulfilling learning experiences for all, offering
smarter, adaptive and engaging learning experiences.
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3. DESIGN AND MODELING
A. DESIGN
1) Architecture description

The diagram in Fig.4 represents the architecture of a
computer system. This system is designed to offer several
functionalities, including a user interface, data analysis
using convolutional neural networks (CNN) and recurrent
neural networks (RNN). The main aim is to provide users
with a platform where they can interact with data and benefit
from advanced analyses.

Figure 4. system architecture diagram

• User Interface: This class represents the interface with
which users interact. It offers various functionalities
such as dashboard, user profile and content access.
These features enable users to explore and manage
system data in a user-friendly way.

• CNN : The CNN (Convolutional Neural Networks)
module is responsible for the advanced analysis of
data, particularly images, videos and text, using con-
volutional neural network techniques. According to
[11], these methods enable functionalities such as im-
age analysis, video analysis and text comprehension.
Other recent studies have shown that the application
of CNNs in these areas significantly improves the ac-
curacy and efficiency of automatic processing systems
[12].

• RNN : The RNN (Recurrent Neural Networks) mod-
ule focuses on modeling, real-time adaptation and
optimization of data using recurrent neural networks.
These networks are particularly effective for process-
ing sequential and temporal data, offering advanced
capabilities for applications such as time series pre-
diction and sequence analysis. The methods ‘Mod-
eling‘, ‘Real-Time Adaptation‘ and ‘Optimization‘
indicate the operations performed by this module
to provide analyses based on sequential data. For
example, the effectiveness of RNNs in modeling and
predicting complex sequential data in real time. Sim-
ilarly, [13] have explored the optimization of RNNs
to improve the accuracy and efficiency of real-time
adaptive algorithms, highlighting the importance of
optimization in RNN systems for enhanced perfor-
mance.

• Base system: This component represents the heart of
the system, offering essential functionalities such as
user management, the recommendation system, con-
tent management and analytics and reporting. These
functionalities support the system’s basic operations,
such as user management and the provision of per-
sonalized recommendations [14].

2) System interaction diagram
The figure Fig.5 illustrates the architecture and interac-

tion flow of an intelligent and adaptive e-learning system.
It is divided into several interconnected modules, each
responsible for specific functions:

Figure 5. System Interaction Diagram

• User Interface (UI): This module acts as the user
interface and comprises three main components:
◦ Dashboard: Provides an overview of the user’s

learning activities and progress.
◦ User Profile: Contains the user’s personal infor-

mation and preferences.
◦ Content Access: Allows the user to access and

navigate through learning materials.

• Basic System (SB): This central module integrates
several essential functions for managing the system’s
operations, including
◦ User management: Manages the creation, updat-

ing and management of user accounts.
◦ Recommendation system: Generates person-

alised learning recommendations based on user
data.

◦ Content Management: Oversees the organisation
and distribution of learning materials.

◦ Analytics and reporting: Analyses user data and
generates reports to evaluate learning outcomes.

• RNN (Recurrent Neural Networks) module: Focuses
on the treatment of sequential data and includes the
following components :
◦ Modelling: Develops models to predict user

behaviour and learning outcomes.
◦ Real-time adaptation: Adjusts learning content

in real time based on user interactions and
progress.

◦ Optimisation: Increases the efficiency and effec-
tiveness of learning processes through continu-
ous improvement.

https:// journal.uob.edu.bh/
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• Module CNN (Convolutional Neural Networks): Spe-
cializes in advanced data analysis, particularly for
multimedia content, with the following functionali-
ties:
◦ Image analysis: Processes and interprets visual

content to enhance learning materials.
◦ Video Analysis: Analyses video content to pro-

vide richer and more interactive learning expe-
riences.

◦ Text comprehension: Understands and interprets
textual information to support content personal-
isation.

Interaction Flow:

• The SB module acts as a central hub, facilitating
interactions between the IU, RNN and CNN modules.

• The IU sends user data and receives recommendations
and content from the SB.

• RNN and CNN modules process data from SB to
personalise and optimise the learning experience.

• Feedback and insights from RNN and CNN are sent
back to SB to continuously improve the performance
of the system.

Overall, the diagram highlights how different modules
within the system interact to create a personalized, adaptive,
and efficient learning environment for users.

B. MODELING
1) UML class diagram

This UML diagram Fig.6 describes an educational
system where different types of users (learners, teachers,
administrators) interact with courses and recommendation
systems. Learners can receive course recommendations,
generated by a dedicated system based on their history
and preferences. Teachers create and manage courses, while
administrators manage users and content. This UML model
provides a structured view of entities and their interactions
within the system.

Figure 6. UML class diagram

The personalization of training content and courses involves
adapting teaching resources and learning paths according to
learners’ preferences, needs and behaviors. This improves
learner engagement and performance.

2) UML usage diagram
The following usage diagram Fig.7 shows the main

interactions between the actors (learner, teacher, recommen-
dation system) and the use cases for personalizing content
and training paths.

Figure 7. UML usage diagram

Automatic learning content generation uses natural lan-
guage processing (NLP) and deep learning techniques to
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create courseware, quizzes and other educational materials
automatically. This makes it possible to quickly and ef-
ficiently produce educational content tailored to learners’
needs.

3) UML Activity Diagram
The following activity diagram Fig.8 shows the main

steps involved in the automatic generation of learning
content.

• Receive a request to generate content: The process
begins when you receive a request to generate new
educational content.

• Analyse pedagogical needs: Pedagogical needs are
analysed to understand the educational goals and
objectives that the content should meet.

• Extract relevant information: Relevant information is
gathered and extracted from various sources for use
in content creation.

• Use text generation models: Advanced text generation
models, possibly involving AI and machine learning,
are used to generate the first draft of the educational
content.

• Create educational content: The actual creation of
educational content takes place using the information
and models processed in the previous steps.

• Content Valid? : is a decision point where the gen-
erated educational content is assessed for validity
and accuracy. If the content is valid, it proceeds
to ”Validate Generated Content” where it is further
checked to ensure that it meets all standards and
requirements before proceeding to publication. If the
content is not valid, it enters the ’Revise and Adjust
Content’ phase, where the necessary corrections are
made. The process then returns to content creation,
where the content is regenerated and re-validated to
ensure quality.

• Publish educational content: Once the content has
been validated, it is published and made available for
educational use.

The diagram emphasises a cyclical and iterative
approach to content generation, ensuring that the final
educational material is accurate, relevant and meets the
intended pedagogical needs before it is published. This
process helps to maintain the quality and effectiveness of
the educational content produced.

Predictive learner analytics use machine learning tech-
niques to anticipate learners’ future needs based on their
past interactions with the e-learning platform. This can in-
clude recommending additional courses, predicting potential
difficulties, and personalizing learning paths.

Figure 8. UML activity diagram

4) UML sequence diagram
The following sequence diagram Fig.9 illustrates the

process of generating predictive recommendations for learn-
ers through interactions between different system compo-
nents. It starts with the learner submitting an analysis
request via the user interface. This request is passed to the
recommendation system, which then requests a predictive
analysis from the predictive model. The predictive model
retrieves relevant learner data from the database and, having
received the data, performs an analysis. The results of
this analysis are sent back to the recommendation system,
which then generates predictive recommendations. These
recommendations are then sent to the user interface and
finally displayed to the learner. This process ensures that
personalised learning recommendations are based on a thor-
ough analysis of the learner’s data, involving coordinated
efforts between the user interface, recommendation system,
predictive model and database.

Figure 9. UML sequence diagram
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C. PROTOTYPING
Human-machine interfaces and computer ergonomics

are essential for improving user experience and productivity.
User-centered design (UCD) focuses on user needs to
create intuitive and effective products [15]. Using proto-
types helps teams structure their ideas and solve problems
more effectively [16]. Wireframes, or functional models,
define the areas and elements of a user interface and can
be created using a variety of techniques. This approach
enables usability issues to be resolved at an early stage, and
tensions between user needs and application capabilities to
be identified [17]. The models are created using Adobe XD,
with five models on offer.

1) Authentication model
The login interface Fig.10 of an e-learning platform is

designed to be intuitive and secure, allowing users easy
access to their accounts while protecting their personal in-
formation. It includes a header with the institution’s logo for
immediate recognition. The login form includes fields for
e-mail address or username and password, with a prominent
login button. Alternative login options via social networks
(Facebook, Google, LinkedIn ,GitHub) and an institutional
address use OAuth to guarantee security. The page also
offers links to reset the password if forgotten, and to create a
new account. The footer contains links to help, FAQs, terms
of use, privacy policy, as well as contact information for
technical and customer support. This interface emphasizes
security with encryption protocols, ease of use with a clear,
intuitive design, and accessibility via various login options,
while providing full support and assistance to resolve any
problems.

Figure 10. Authentication page

2) Model for registration
The registration interface Fig.11 allows new users to

create an account with various options, such as a student

card, institutional address or social network accounts, offer-
ing flexibility and ease of access. Figure 10 shows a mock-
up of this interface. The registration form requires essential
information: full name, valid e-mail address and secure
password. Users can also register via Facebook, Google
or LinkedIn, using OAuth to guarantee security. After
submission, a confirmation e-mail is sent. The interface
displays the institution’s logo to reinforce brand identity,
and includes links to privacy policies and terms of use.

Figure 11. Registration page

3) Dashboard template
The dashboard interface Fig.12 gives logged-in users an

overview of their workspace, with centralized access to key
functionalities. It includes a header with the corporate logo,
a navigation bar, notification icons, and a user menu. The
overview welcomes the user with a personalized message, a
summary of recent activities, and a to-do list. Main sections
include quick course overviews, personalized recommenda-
tions, analytical reports, and collaboration tools. The footer
contains useful links and support information. Key features
include interactivity and customization, quick access, real-
time notifications, and analysis and tracking tools. In short,
this dashboard centralizes all the important functionalities
for a smooth and efficient user experience.

4) Learner profile model
The learner profile interface Fig.13 allows students to

manage and view their personal, academic and progress
information in a detailed and personalised way. The page in-
cludes an overview with profile photo, personal information
and course summary. The main sections display academic
information, progress and statistics with graphs, recent
activities, certifications and awards, and account settings.
Key features include profile customisation and academic
progress visualisation, personal information management,
and robust security and confidentiality options. In addition,
the interface offers personalised recommendations based on
the student’s learning behaviour and preferences. Students
can also access a logbook to track their past activities

https:// journal.uob.edu.bh/
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Figure 12. Dashboard page

and plan future tasks. The ability to incorporate comments
and feedback from their teachers and peers is also a key
feature, boosting engagement and motivation. Integrated
communication options, such as instant messaging and
discussion forums, facilitate interaction between students
and teachers. In short, this interface centralises the tools and
information needed to help students on their educational
journey, offering a rich, interactive user experience that
fosters engagement and autonomy.

Figure 13. Learner profile page

5) Project management model
The project management interface Fig.14 enables learn-

ers to efficiently create, track, and manage their academic
or collaborative projects. It provides an overview of projects
in progress, tasks to be completed, and collaborations with
other users. Key features include:

• Project overview : List of projects with links to details
and a button to create a new project. This section
offers a quick snapshot of all ongoing and completed
projects, allowing users to navigate easily to specific
project details.

• Main sections: Includes project details, task manage-
ment, an interactive calendar, document management,

and a discussion area for collaboration. Each section
is designed to facilitate specific aspects of project
management, ensuring that learners can handle vari-
ous project needs from a single interface.

• Displays progress with graphs and charts, as well as
analytical reports. This feature helps users visualize
their project status at a glance, providing insights into
task completion rates, deadlines, and team contribu-
tions.

• Key features: Include easy project creation and man-
agement, team collaboration tools, progress tracking,
and detailed reporting. The interface supports seam-
less collaboration with features like shared document
editing, real-time messaging, and notification systems
to keep team members updated. Additionally, it of-
fers tools for assigning tasks, setting milestones, and
tracking deliverables.

Figure 14. Project management page

In summary, the project management interface central-
izes all project-related activities, from inception to comple-
tion, fostering a collaborative and organized approach to
academic and team projects. By integrating these features,
the interface ensures that learners can manage their projects
effectively, stay on top of their deadlines, and work collab-
oratively with peers and instructors.

In short, this interface centralizes and organizes all
aspects of learner projects, facilitating collaboration, task
management and progress tracking.

https:// journal.uob.edu.bh/
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4. CONCLUSION AND PROSPECTS
A. CONCLUSION

E-learning platforms have evolved to offer unprece-
dented accessibility and flexibility, enabling learners to take
distance learning courses anytime, anywhere. However, they
still have limitations, notably a lack of personalisation and
engagement. The integration of advanced technologies such
as artificial intelligence and deep learning offers a promising
solution for overcoming these obstacles. By exploiting neu-
ral networks, in particular CNNs and RNNs, we can analyse
multimedia resources in depth, model learning behaviour
and personalise learning paths. This leads to more adaptive,
engaging and effective learning environments.
User interfaces also play a crucial role in this transforma-
tion. A well-designed, user-centred interface can signifi-
cantly improve the experience and productivity of learn-
ers. Interfaces such as those for registration, dashboard,
learner profile, and project management, when intuitive and
feature-rich, facilitate navigation, information management,
collaboration, and progress monitoring. In addition, the
ability of systems to adapt in real time to the changing
needs of learners further enhances the positive impact of
these learning platforms. Ultimately, these technological
and ergonomic advances converge to create online learn-
ing environments that are more dynamic, interactive and
focused on the individual needs of learners, paving the way
for more personalised and effective education.

B. PROSPECTS
In the future, several avenues can be explored to further

improve e-learning platforms:

• Improving artificial intelligence: Developing more so-
phisticated algorithms for even finer customisation of
learning paths, taking into account not only academic
performance but also the preferences and learning
styles of individuals.

• Augmented interaction and collaboration: Integrating
augmented reality (AR) and virtual reality (VR) tools
to create immersive learning experiences. Encourage
collaboration through virtual spaces where learners
can interact in real time, sharing ideas and resources
more dynamically.

• Predictive analytics and proactive intervention: Use
predictive analytics to anticipate learner difficulties
and offer proactive pedagogical interventions. This
could include reminder notifications, additional re-
sources, or even personalised advice to improve per-
formance.

• Accessibility and inclusion: Developing features
specifically designed for learners with special needs,
ensuring that learning platforms are inclusive and
accessible to all, regardless of physical or cognitive
ability.

• Security and confidentiality: Reinforcing security

measures to protect user data, particularly in the
context of the increased use of personal information
to personalise learning paths.

In conclusion, the integration of artificial intelligence
and deep learning techniques into e-learning platforms
represents a major step towards more intelligent and
adaptive learning environments. By continuing to innovate
in interface design and platform functionality, we can
create more effective, engaging and inclusive learning
experiences for all learners. These future enhancements
will not only address current challenges, but also anticipate
the emerging needs of learners, creating truly personalised
and dynamic learning environments.
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