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Abstract Intelligent Tutoring Systems (ITS) represent a significant advancement in educational technology, evolving
from computer-assisted teaching to more adaptive and interactive learning environments. This paper aims to delve into the
methodological aspects of collaborative ITS, with a particular focus on the integration of IMS Learning Design (IMS-LD).
The objective is to explore how IMS-LD is instrumental in designing and managing ITS and addressing the challenges
of modern education systems. The proposed model addresses these challenges through three foundational principles:
categorizing learning activities, clearly defining roles, and designating specific spaces for diverse activities. By integrating the
learner model and IMS-LD, the model aims to enhance personalization and effectiveness, creating a more efficient, learner-
centric system. The paper also discusses the development of meta-models for collaborative ITS, their correspondence with
IMS-LD, and the challenges and benefits of model transformation techniques. The findings highlight the potential of ITS
in providing adaptive and personalized learning experiences, fostering effective communication and collaboration among
participants, and enhancing the overall quality of education through innovative technological integration.
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1. Introduction

In 1980, the advent of Intelligent Tutoring Systems (ITS) marked a significant evolution from computer-assisted
teaching (CAT), heralding a new era in educational technology. ITS represents an interdisciplinary amalgamation of
artificial intelligence, education, and cognitive psychology, aiming to create more adaptive and interactive learning
environments [1]. These systems are distinctively characterized by their focus on the learner, tailoring educational
resources to individual needs, learning styles, and cognitive abilities. Equipped with artificial intelligence, ITS
can dynamically interact with users, offering personalized instruction and proposing content in the most effective
learning modality [2]. Recent advances in ITS reflect a growing emphasis on sustainable education, as highlighted
by Lin, Huang, and Lu (2023) and others. These developments showcase the potential of Al in enhancing
access to quality education and creating personalized learning experiences. It now encompasses a broad range of
applications, from language and law to mathematics, medicine, physics, and reading comprehension, significantly
expanding its scope and impact on various educational fields [3, 4].
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In this study, we propose a thorough exploration of the methodological aspects that pertain to collaborative
intelligent tutoring systems (ITS), looking at the use of IMS Learning Design (IMS-LD). The main objective
of this research is to identify how IMS-LD can be applied for the meaningful creation and deployment of
ITS processes, as well as to address those challenges with which today s educational systems are faced. In
particular, we are going to show that IMS-LD allows relating advanced pedagogical strategies making easier the
implementation of adaptive learning environments, and concurrently increasing quality and efficiency in education.

The paper is structured as follows: The first section provides an in-depth review of the architecture of intelligent
tutoring systems (ITS), shedding light on their foundational components and operational mechanisms, including
the meta-model of the collaborative group system and its mapping to IMS Learning Design (IMS-LD). The
second section focuses on the development of Collaborative Intelligent Tutoring System meta-models, and their
correspondence with the IMS-LD model, This includes the modeling of collaboration spaces in web-based
collaborative ITS and the detailed class diagram for collaborative group systems, illustrating the properties and
relationships of each class. Finally, the paper concludes with a summary of key findings and implications for future
research and practice in the field of intelligent tutoring systems.

2. INTELLIGENT TUTORING SYSTEM ARCHITECTURE

This section classifies the selected intelligent tutoring systems that we use in this study, into three classes:
architectures of three models of four models, and the new generations of ITS [5].

2.1. Three-model architecture

The Three-Model Architecture of an Intelligent Tutoring System (ITS) is a design framework that comprises three
core models to facilitate effective tutoring and personalized learning experiences. These models work together to
provide comprehensive support to learners. Here are the three primary models in the architecture of a three-model
ITS [6]:

Student Model: The student model in this architecture focuses on understanding and representing the learner’s
characteristics, knowledge, skills, preferences, and progress. It collects data about the student’s interactions with
the system, such as answers to questions, response times, and areas of difficulty. The student model is used to tailor
the tutoring experience to the individual learner, providing customized feedback, remediation, and challenges [7].

Domain Model: The domain model represents the knowledge domain or subject matter of the ITS. It includes
the curriculum, learning objectives, and the structure of the content. This model defines the concepts, rules, and
relationships within the domain. It serves as the foundation for generating learning materials and assessing the
learner’s progress [8].

Tutoring Model: The tutoring model is responsible for determining how the ITS interacts with the learner.

It includes pedagogical strategies, instructional methods, and sequencing of content. The tutoring model decides
when and how to provide feedback, present new material, and adapt to the learner’s needs. It aims to provide
effective guidance and support throughout the learning process [8].
While the Three-Model Architecture does not include an explicit interface model, it assumes that the interaction
between the learner and the ITS is mediated through user interfaces or platforms. The focus of this architecture
is on the essential components of learner modeling, domain representation, and pedagogical decision-making to
create a personalized and adaptive learning environment.

2.2. Four-model architecture

The Four-Model Architecture of an Intelligent Tutoring System (ITS) is a design framework that encompasses four
distinct models to facilitate effective tutoring and personalized learning experiences. These models work together
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to provide comprehensive support to learners. Here are the four primary models in the architecture of an ITS [9]:
Expert model: The domain model deals with the lessons, their arrangement, and a range of elements. Domain
model features two fundamental components: Knowledge: It alludes to the material that must be input into the
system, including the ideas, queries, tasks, issues, and connections between them [10]. Didactic elements: These
are multimedia resources, such as pictures, videos, and audio, that aid in the student’s learning throughout the
session.

Interface model: Provides support to the student’s tasks and the techniques used in carrying out those activities. The
GUI should be user friendly, and attractive. The interface model deals with the user interface and user experience
aspects of the ITS. It focuses on how the learner interacts with the system, including the design of the interface,
navigation, multimedia elements, and accessibility features. A user-friendly and intuitive interface enhances the
overall learning experience.

Student model: The student model applied a state-based approach. There are however quite a few criteria for a
student’s instructional modeling during a learning process. The following elements are composed of the student
module: [10] A database with modes of learning is included in the program. A map of the knowledge from the
domain module that is updated by the tutor module in response to assessments.

Tutor Model: The Instructional Model provides information for decision-making on instructional strategies. This
depends on the learner model’s assessment processes to make decisions regarding what, where, and how to present
information to a learner. The following sub-modules are composed of: Lesson Planner organizes the contents of
the lessons. Profile analyzer, analyzing the attributes of students, choosing the best teaching approach (see Figure

1).
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Figure 1. Four-Model Architecture.

The Four-Model Architecture is designed to integrate these models seamlessly, allowing the ITS to provide
individualized instruction, adapt to the learner’s progress, and create a dynamic and engaging learning environment.
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This framework enhances the effectiveness of intelligent tutoring systems by combining domain expertise, learner
modeling, pedagogical strategies, and user interface design.

2.3. New-generation architectures for ITSs

In summary, the latest generation of Intelligent Tutoring System (ITS) architectures represents a groundbreaking
shift in the realm of educational technology. These forward-looking architectures harness cutting-edge technologies
and methodologies to deliver learning experiences that are exceptionally personalized, adaptive, and engaging. As
a result, they are spearheading a transformative revolution in the way learners access and interact with educational
content.

One illustrative example of such an advanced architecture is MATHEMA, a multi-agent framework that serves
as the cornerstone for the development of computer-based intelligent learning environments. MATHEMA is
composed of six fundamental components, each of which plays a distinctive and pivotal role in the creation of a
dynamic and effective learning ecosystem. These components include:

An External Motivator: This component serves as a source of motivation for the learner, stimulating their
engagement and commitment to the learning process. It can employ various motivational strategies to encourage
active participation and progress.

A Human Learner: The central figure in the learning environment, the human learner, represents the individual
seeking to acquire knowledge and skills. The architecture revolves around catering to the specific needs and
preferences of this learner.

A Micro-Society of Artificial Tutoring Agents (MARTA): MARTA constitutes a collective of artificial tutoring
agents designed to provide guidance, instruction, and support to the human learner. These agents leverage their
capabilities to adapt to the learner’s progress and deliver personalized assistance.

A Human Experts Society (HES): HES acts as a repository of expert knowledge and serves as a valuable
resource for MARTA. It provides authoritative information and guidance, ensuring that the tutoring agents have
access to accurate and up-to-date subject matter expertise.

An Interface Agent: This critical component bridges the interaction between the human learner and MARTA,
facilitating seamless communication and understanding. It interprets the learner’s needs and conveys them to the
tutoring agents, ensuring effective assistance.

A Communication Agent: The communication agent plays a pivotal role in connecting MARTA with HES. It
serves as the conduit for knowledge exchange, coordination, and maintenance of the tutoring agents. This agent
ensures that MARTA has access to the latest insights and expertise from HES.

Together, these six components within the MATHEMA architecture create a dynamic and collaborative intelligent
learning environment. They harmonize to deliver an educational experience that not only leverages cutting-edge
technologies but also fosters personalization, adaptability, and engagement, ultimately redefining the way learners
interact with and access educational content [11].

Intelligent Tutoring Systems (ITS) are conceived to provide personalized and effective education, but they
face several major and significant challenges [12] in their ability to provide personalized learning experiences,
manage the increasing complexity of educational content, and integrate seamlessly with other educational systems.
Firstly, personalization and adaptability represent a major challenge [13], as it must respond dynamically to the
specific needs of each learner, adjusting content and teaching strategies in real-time. Secondly, scalability and
the management of complexity also pose major challenges [14]. ITS must integrate a wide range of content and
learning levels while maintaining pedagogical coherence, particularly when it comes to implementing advanced
pedagogical strategies such as collaborative learning. Interoperability and standardization are therefore another
major challenge [15, 16]. ITS must be able to integrate effectively with other educational systems and databases,
which requires common standards to facilitate the exchange and integration of educational resources.

Integrating IMS Learning Design (IMS-LD) into ITS provides effective solutions to these challenges. IMS-LD
enables increased customization through adaptive learning scenarios[17], improves scalability and complexity
management through its modular structure, and promotes interoperability by adhering to open standards. As a
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result, ITSs equipped with IMS-LD become better able to meet the diverse needs of learners, while ensuring the
seamless integration of pedagogical strategies and greater compatibility with other educational systems.

3. Design of a web-based Intelligent Tutoring System that Considers Collaboration Aspects

Intelligent Tutoring Systems (ITS) face various pedagogical and technical challenges that necessitate innovative
solutions tailored to learners’ needs. This proposed model addresses these challenges through three foundational
principles while integrating the learner model and IMS Learning Design (IMS LD) to enhance personalization and
effectiveness[18].

The first principle involves categorizing learning activities into types such as unrestricted, sequential, and
conditional, creating a coherent and structured framework that enhances learners’ ability to navigate and
understand course content effectively. By establishing clear structures, ITS can ensure that learners follow a logical
progression in their studies, aiding retention and comprehension. The second principle emphasizes identifying
and differentiating roles within the ITS environment based on their responsibilities. Clearly defining these
roles ensures that all participants, including instructors, learners, and administrators, understand their functions,
fostering efficient communication and collaboration. IMS LD contributes to this by providing detailed descriptions
of roles and interactions, facilitating a structured and coherent management of pedagogical processes. The third
principle involves designating specific spaces for diverse activities within the ITS, such as multimedia documents,
discussion forums, wikis, video conferencing, mind maps, and interactive exercises. This variety empowers
learners to engage with content in multiple ways, promoting active learning and exploration. The learner model
and IMS LD enable the customization of these spaces according to learner profiles, adjusting available resources
and tools to maximize engagement and learning efficiency. Integrating these principles into ITS development aims
to create a more efficient, learner-centric system that addresses both the pedagogical and technical challenges
inherent in traditional learning management systems. This approach offers a tailored and immersive learning
experience while enhancing communication and collaboration among all participants in the learning process.
Effective collaboration in ITS involves joint efforts toward common goals, requiring leadership, which can
manifest as social leadership in decentralized and egalitarian group settings. Technological advancements have
significantly facilitated collaboration among teachers, tutors, and learners through interactive tools and platforms
that enable seamless communication and cooperative learning experiences.

The learner model is used to adapt these functions to the needs of each student. Knowledge diagnosis accurately
measures the current state of the student’s knowledge. Strategic functions involve selecting overall teaching plans
or strategies. Predictive functions cover the learning path and behavior of the student, while evaluation functions
encompass student assessments and ITS evaluations. Knowledge development, error remediation, and exploration
space control are described in more detail in the subsections below. To assist a student in knowledge development,
an ITS follows four steps: what to teach, when to teach, how to teach, and implementing teaching actions [19].

3.1. Knowledge Development

The main contribution of this paper is a very simple and fast algorithm, called RecPK, proposed by alternating
direction method(ADM), takes advantage of problem structures and thus has an extremely low per-iteration cost.

3.2. Organization

In the context of the evolution of intelligent learning systems, knowledge development plays a central role in
optimizing the acquisition and application of knowledge. This section explores how advances in adaptive pedagogy
and learning technologies can enrich and deepen the process of knowledge development, focusing on mechanisms
that promote deeper understanding and more effective application of educational content.

What to Teach: At this point, the learner model provides insights into the learner’s current state of knowledge.
The system primarily addresses the gaps in the learner’s understanding. Based on this information, the tutoring
module can determine the most suitable sequence of curriculum, offer targeted assistance and feedback during
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problem-solving, or provide on-demand support. The curriculum sequence is designed to guide the learner through
the most effective learning path, comprising knowledge units to be mastered and associated tasks such as examples,
questions, and problem-solving exercises. This sequencing ensures that the learner progresses efficiently through
the educational material. There are two types of curriculum sequencing: high-level and low-level. High-level
sequencing, or knowledge sequencing, leverages the learner model and domain knowledge to determine the next
teaching concept or topic. In contrast, low-level sequencing focuses solely on the learner model to decide the
subsequent learning task (e.g., an example, a test, or questions) [20]. By analyzing recorded learner behaviors,
the system can offer active assistance and feedback. Providing intelligent feedback on the student’s work, such
as highlighting errors or comparing their solution with an ideal model, can significantly improve their grasp of
the subject. Furthermore, additional hints or reminders can support learners during the problem-solving process.
When learners seek assistance with ongoing tasks, the system delivers passive support, such as hints, answers to
queries, or further explanations, all tailored to the learner’s knowledge as reflected in the learner model.

When to Teach: The appropriate timing for knowledge development is calculated using the learner model.
This is important for providing active assistance during problem-solving. How to Teach: Appropriate pedagogical
actions such as explanations, tests, examples, or problems are chosen using the learner model. These teaching
actions are influenced by the learning style or preferences stored in the learner model.

3.3. Implementing Teaching Actions

At this point, specific instructional actions can be adjusted based on the learner model. For instance, if a learner
demonstrates advanced knowledge in a particular area, the system may offer only a brief explanation to assist in
solving a problem.

3.4. Error Remediation

According to Self, eight remediation methods can be identified: error definition, explicit remediation, implicit
remediation, counterexamples, demonstrating a solution method, accessing previous experiences, repeated
attempts, and tactical retreat [21]. Error definition provides a textual description of the error and a recommendation
for correction. Explicit remediation presents the correct knowledge, while implicit remediation prompts the correct
knowledge or actions and shows notes to the learner. Counterexamples are situations or problems generated by the
system. Access to previous experiences is given through the user model, where these experiences are stored.

3.5. Control of the Exploration Space

The ITS automatically controls the exploration space as the learner navigates through the domain space. This
control involves limiting information resources, the number of pathways and search tools, and the amount of
information presented. This concept is used to reduce the learner’s cognitive load, as too much information or too
many options can reduce the learner’s attention and lead to distraction. The control of the exploration space is
based on the learner’s skill level, experience, and other factors[22].

4. Modeling a Collaboration Space in a Collaborative Intelligent Tutoring System

IMS Learning Design (IMS-LD) is a pedagogical modeling language that provides a metalanguage for modeling
learning units, accommodating a wide variety of pedagogical models. Published in 2003 by the IMS/GLC
Consortium for Global Learning Management Systems, IMS-LD emerged from the European Committee for
Standardization’s (CEN) evaluation, which deemed the proposed language source (EML) the best suited for
meeting LMS criteria due to its focus on reusability and interoperability [23]. IMS-LD, inspired by EML
developed by the Open University of the Netherlands, offers a conceptual framework for modeling learning units,
balancing flexibility to implement diverse pedagogical approaches with the precision needed for detailed unit
descriptions [24]. It allows for the representation and encoding of learning structures for individual learners or
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groups, defining roles, learning activities, services, and other elements to construct comprehensive learning units.
The syllabus, modeled and built with resources assembled into a compressed Zip file, is managed by an executable
player that coordinates teachers, students, and activities throughout the learning process [25]. By defining roles and
activities, IMS-LD creates a learning scenario executable within compatible systems. Unlike previous e-learning
specifications that maintained pedagogical neutrality, IMS-LD emphasizes the need for a flexible approach,
enabling its use with various pedagogical scenarios and models, hence often referred to as a meta-pedagogical
model [26].

In this research, we aim to adapt the IMS-LD model using meta-models that support Collaborative Intelligent
Tutoring System. This adaptation involves three steps: first, the development of LMS meta-models; second, the
study of the correspondence between these meta-models and the IMS-LD model; and third, their transformation
into IMS-LD meta-models, reducing the MDA approach to a rule-based transformation implemented in the
ATL language. However, we will discuss the design of our LMS meta-models without using the rule-based
transformation implemented in the ATL language, as we have identified issues similar to those found in the work
of El-Moudden. In IMS-LD, we cannot construct a project comprising multiple sub-projects, leading to semantic
loss. Indeed, there are significant semantic loss issues when transforming our meta-models into an IMS-LD model
using the ATL language.

Therefore, we have chosen to develop our proposed meta-model along the lines of a schema, where we identify
the characteristics of the constituent entities of the activity spaces of our collaborative intelligent tutorial system
[27]. This schema allows us to better capture the nuances and specific requirements of CITS [28], ensuring that the
metadata associated with each entity is carefully designed to reflect the complexities and dynamic interactions in
collaborative learning environments [29]. The metadata includes elements such as participant role descriptions,
learning prerequisites, pedagogical objectives, and associated resources, enabling fine-grained structuring and
precise execution of complex pedagogical scenarios in a collaborative setting. This choice enables us to overcome
the limitations of the standard IMS-LD model [30] and offer a solution better adapted to the specific needs of
collaborative learning in an intelligent tutorial environment.

4.1. Roles and Functions in a Web-Based Collaborative Intelligent Tutoring System

In an Intelligent Tutoring System, various actors have specific roles and functions designed to facilitate the
learning process effectively. Learners can view projects and their objectives at any time, initiate collaboration, read
uploaded documents, download documents, and upload documents. Tutors are responsible for managing groups
by adding, modifying, or deleting them, assigning students to groups, initiating collaboration, defining project
phases and tasks, assigning tasks to learners, and monitoring and supporting learners. Teachers create courses and
projects, define project objectives, import and export documents, and plan educational resources. Administrators
set up class groups, manage courses, and handle access rights for teachers and learners. Coordinators manage
teachers by adding, modifying, or deleting them, monitor teacher activities, and assign courses to tutors based on
their specialties. This structured approach ensures that each actor contributes effectively to the overall learning
environment, promoting a collaborative and efficient educational experience(see Figure 2).

4.2. Meta-Model of the Collaborative Intelligent Tutoring System

In this subsection we provide a comparative overview of the elements in the meta-model for the collaborative
group system and their corresponding elements in the IMS Learning Design (IMS-LD) specification, helping to
understand how various components in a Learning Management System (LMS) designed for collaborative learning
can be mapped to standardized elements defined by IMS-LD. In this mapping, a Project corresponds to an Activity,
representing tasks or a series of tasks. Tasks and subtasks align with Activity structures, defining the organization
of activities. A Phase equates to a Play, indicating stages of the learning process. Roles and features in the meta-
model match Roles in IMS-LD, detailing the responsibilities of participants. Members and Team correspond
to Person, identifying individual or group participants. The Tutor aligns with Staff, supporting learners, while
the Learner remains consistent in both models. The Collaboration Space maps to the Environment, providing
the context for learning activities. Objective aligns with Learning Objective, defining project goals. Course or
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Figure 2. Proposed Conceptual Meta-Model for the Collaborative Group System.

Learning Project corresponds to Learning Object, representing educational content, and Tools map to Services,
offering functionalities and support for activities. This alignment ensures compatibility and interoperability within
educational systems(see Table 1).

4.3. Class Diagram of the Collaborative Intelligent Tutoring System

In our LMS, we propose a class diagram model for the collaborative group system (see Figure 2) based on our
proposed meta-model in Figure 1 In this diagram, we have defined the properties of each class and the relationships
between them. Most of the classes designed in our class diagram model correspond perfectly to the meta-model
proposed making their transformations possible. Model transformation is a technique aimed at linking models to
avoid unnecessary reproductions (see Figure 3).

Each class in the diagram is designed to represent distinct entities such as students, teachers, learning activities,
and learning resources. The properties defined for each class capture specific aspects of these entities, such as

student skills, teacher roles, and types of learning activities. The relationships established between classes facilitate
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Table 1. Meta-Model of the Collaborative Group System

Meta-model of the collaborative group system IMS-LD
Project Activity
Task, and subtask Activity structure
Phase Play
Role, and features Role
Members, and Team Person
Tutor Staff
Learner Learner
Espace de collaboration Environment
Objective Learning Objective
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Figure 3. The Class Diagram of the Collaborative Group System.

interaction between these entities, enabling fluid, integrated management of collaborative learning activities.

This modeling contributes not only to the effective management of pedagogical interactions but also to greater
personalization of learning experiences. By enabling fine-tuning to the needs and preferences of learners, our
model promotes more targeted and relevant learning [31]. In addition, the structuring provided by our model
allows for improved interoperability and increased reuse of pedagogical elements, thus meeting the flexibility and
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integration requirements of modern learning environments. The ability to reuse pedagogical components across
different learning scenarios and dynamically adjust interactions according to data collected on learners enhances
the relevance and effectiveness of educational processes [32].

By comparing our collaborative group systems model in an LMS with existing intelligent tutoring systems (ITS),
several distinct advantages and areas for improvement emerge. Traditional ITS models typically focus on adaptive
learning by using student performance data to adjust instructional content and feedback. These systems often use
fixed instructional strategies and predefined rules to guide the learning process, which can limit flexibility and
customization.

Our proposed model, on the other hand, offers a more nuanced approach by defining and structuring the
relationships between students, teachers, learning activities, and resources in a detailed class diagram. This model
not only captures specific properties such as student skills, teacher roles, and activity types but also facilitates
the dynamic management of interactions. As opposed to traditional ITSs, which can rely on static rules and
constraints, our model enables real-time adjustments based on learner data, promoting a more personalized and
adaptive learning experience.

In addition, the improved interoperability and reuse of pedagogical elements in our model addresses some of
the limitations of traditional ITS systems. Traditional ITSs often have difficulty integrating diverse pedagogical
approaches and adapting to different educational contexts. In contrast, our approach improves flexibility by
allowing the reuse of pedagogical components across different learning scenarios and by dynamically adjusting
interactions based on learner feedback.

This dynamic adaptability represents a significant advance over traditional ITS models, which generally involve
rigid, predefined learning paths.

4.4. Limitations of the Collaborative Intelligent Tutoring System

Despite the advances made by our class diagram model for collaborative group systems in an LMS, several
limitations must be acknowledged [33]. Firstly, the complexity of the modeling can create challenges in terms of
implementation and integration with existing systems. Creating and managing the detailed relationships between
learning entities requires technical expertise and can increase development and maintenance costs. Furthermore,
although our model improves adaptability and customization, it relies heavily on the quality of the data collected.
Errors or biases in learner data can lead to inappropriate adjustments and negatively affect the learning experience.

Another limitation is the potential reliance on specific tools and technologies to implement the model. LMS
systems and analysis tools need to be compatible with our approach to ensure seamless integration. In addition,
the reuse of pedagogical components, while advantageous, can sometimes run up against limitations in terms of
standardization and compatibility between different learning environments.

5. Conclusions

This paper has explored the integration of IMS Learning Design (IMS-LD) into Intelligent Tutoring Systems
(ITS), focusing on the methodological aspects and collaborative frameworks. The discussion began with an
overview of ITS architecture, detailing the foundational components and operational mechanisms that make up
these advanced educational technologies. We examined the development of meta-models for collaborative ITS,
their correspondence with IMS-LD, and the challenges and benefits of model transformation techniques.

The proposed model addresses key pedagogical and technical challenges by categorizing learning activities, clearly
defining roles, and designating specific spaces for diverse activities. These principles, supported by IMS-LD and
the learner model, aim to create a more efficient, learner-centric system that enhances personalization, engagement,
and collaborative learning. The inclusion of detailed class diagrams and meta-models for collaborative group
systems further demonstrates how these structures can be mapped to IMS-LD, ensuring compatibility and
interoperability within educational systems.

By leveraging the capabilities of IMS-LD and advanced pedagogical strategies, ITS can provide adaptive and
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personalized learning experiences, fostering effective communication and collaboration among all participants.
The advancements in ITS reflect a growing emphasis on sustainable and inclusive education, highlighting the
potential of Al in enhancing access to quality education across various fields.

To overcome the limitations already identified, several research perspectives are envisaged. It is essential
to develop more accessible tools and frameworks to simplify the implementation of our model in different
LMS systems while strengthening data quality assurance mechanisms to improve the accuracy of adaptive
adjustments. Increasing the reusability of learning components by establishing universal standards and protocols
for compatibility between systems is also essential. Integrating advanced technologies such as artificial intelligence
and machine learning could offer finer and more personalized adjustments, optimizing the learning experience
according to learners’ individual needs and staying at the forefront of educational innovation, providing dynamic
and engaging learning environments. The results and implications discussed in this article pave the way for
continued improvements and innovations in the field of intelligent tutoring systems, ultimately contributing to
a more efficient and equitable educational landscape.
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