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Abstract

Technological advancements are transforming educational practices by integrating digital tools
and promoting online learning, a trend accelerated by the COVID-19 pandemic. Innovations in
Al, big data, and analytics are revolutionising education, enabling personalised learning
experiences. This discussion highlights the importance of intelligent e-learning approaches that
analyze student data to personalize education. Intelligent learning systems provide tailored,
engaging experiences, which are crucial for enhancing the quality of education. These systems
incorporate customization, flexibility, and analytics, which are essential for their success. They
combine educational content, algorithms, and infrastructure to support diverse learning styles
while ensuring security and adherence to ethical standards. By embracing these advanced e-
learning strategies, educational outcomes improve, and access to quality education expands,
benefiting many learners.

Keywords
Intelligent educational systems, Personalization of learning, Adaptive learning, Artificial
intelligence in e-learning, Intelligent educational system architecture

1 Introduction

Technology integration in education across all levels has recently enhanced and
diversified traditional teaching methods. The rise of online and distance learning, catalysed by
the pandemic and subsequent lockdowns, underscores the urgency of adopting digital learning
platforms and tools. (Liu & Yu, 2023) This shift necessitates that teachers and students adapt
to an environment where physical distance demands more effective educational approaches.
Consequently, research is increasingly transitioning from merely establishing online
infrastructure and content delivery to fostering interdisciplinary efforts that enhance the online
learning experience, as noted by Shute and Towle (2003).

Technological advancements, such as artificial intelligence, big data, and learning
analytics, are revolutionizing education by analyzing students' digital interactions with
educational technologies, as Daniel (2015) highlighted. Educators must deliver scalable,
personalised, and adaptive learning programs that respond to individual student needs and
support online learning.

The use of advanced techniques in e-learning is crucial in providing content tailored to
students' needs and motivations while also considering their emotional states. The need to
incorporate new intelligent technologies into the educational process is significant, enabling e-
learning systems to offer personalized educational content and adaptive learning trajectories
(Mote et al., 2016). This approach requires recognising students' characteristics, such as their
knowledge, cognitive abilities, and preferences for learning strategies, as Van Seters et al.
(2012) emphasised.
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Drawing on research by Becker et al. (2018), Mangaroska and Giannakos (2017), and
Canales et al. (2007), which highlight the importance of intelligent methods in e-learning for
educational enhancement, this paper aims to examine and assess Al techniques in specific e-
learning components. It aims to measure their impact on the educational process and outline the
framework of an intelligent educational system.

2 Intelligent educational system

An intelligent learning system leverages advanced technologies, such as Al, machine
learning, and analytics (Badaracco & Martinez, 2011), to enhance education by offering
personalized, adaptive learning experiences. These systems analyse data to tailor content and
support to each student's needs, incorporating adaptive content, interactive tools, and intelligent
agents for support (Shute & Towle, 2018). They aim to enhance learning effectiveness and
efficiency, catering to individual preferences and promoting better educational outcomes and
innovation.

An intelligent learning system differs from traditional e-learning in several key aspects:
e Personalisation: Intelligent learning systems can personalise content and learning processes

according to students' individual needs and preferences. Unlike traditional e-learning,
where static content is often provided, intelligent systems can customise learning for each
learner.

e Adaptability: Intelligent systems can adapt to changes in student performance or needs,
providing relevant learning materials and exercises tailored to their current state.
Traditional e-learning may lack the capability for dynamic adaptation.

e Evaluation and feedback: Intelligent learning systems use advanced algorithms to evaluate
student performance and provide them with more accurate and relevant feedback.
Traditional e-learning often relies on standard assessment methods such as tests and
quizzes.

¢ Interaction and engagement: Intelligent systems can have interactive elements that increase
student engagement with the content. These may include games, simulations, or adaptive
exercises. Traditional e-learning may have limited opportunities for interaction and
engagement.

e Predictive analytics: Intelligent learning systems can use predictive analytics to predict
future student performance and identify improvement areas. Traditional e-learning typically
does not incorporate predictive analytics.

3 Intelligent techniques

Intelligent techniques are pivotal in enhancing e-learning, offering efficient, personalised
educational services through technologies like Al, which simulates human reasoning to make
data-driven decisions and adapt to student needs. By integrating machine learning and deep
learning, Al analyzes data to discern patterns, thereby enhancing system responsiveness and
performance. Machine learning enables systems to learn from data, optimizing behavior. Big
Data processes vast data volumes, revealing insights into student performance and needs and
facilitating tailored learning experiences (Zhang et al., 2021). Natural Language Processing
(NLP) enhances system-student interaction by processing and generating human language
(Jiang & Li, 2020). Predictive analytics forecasts students' future needs and achievements,
aiding in personalised educational planning (Mangaroska & Giannakos, 2017).

The mentioned techniques and methods contribute to educational systems' intelligence by
enabling them to analyse data, learn from experience and adapt based on the acquired
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knowledge. This, in turn, enables these systems to provide personalised, adaptive, and effective
learning experiences for students.

Intelligent techniques affecting e-learning can be implemented in different ways so that
the intelligent educational system acquires the ability to:

e Adaptive behaviour: - includes adapting to student needs and learning styles through
personalised learning contents, exercises, and feedback.

e Machine learning: - allows the educational system to learn from data and adapt its
behaviour based on the analysis of student results, thus improving the effectiveness and
accuracy of the content provided.

e Natural Language Communications (NLP): NLP enables systems to understand,
interpret, and generate human language, which can be used to automate answers to
questions, information retrieval, and content generation.

e Recommendations of suitable content for study: Recommender systems analyze user
behavior and recommend relevant content or courses based on this, thereby improving
the learning experience.

e Experience analytics: This technique involves analyzing data on student activities and
performance. Analysing allows for improving learning processes, identifying problems,
and providing personalised recommendations.

e Interactive communication: Chatbots are intelligent agents that can answer students'
questions and provide real-time help, improving accessibility and support for students.

e Interaction with students through virtual and augmented reality: These technologies
enable students to engage with virtual environments and simulations, offering realistic
and meaningful learning experiences.

4 Key features of intelligent learning environments

Designing educational systems should prioritise student needs, focusing on their
requirements, abilities, and goals (Sakarkar et al., 2012). Intelligent learning systems need to
develop student models (Ili¢ et al., 2023) that track progress and needs through data mining,
allowing students to access and analyse their information. The adaptability and personalisation
of these systems hinge on their capacity to manage and interpret educational data and context
(Shute & Towle, 2018), using insights to enhance learning experiences and outcomes.
Personalised education in such systems adjusts the educational pace and content to fit individual
preferences and learning styles, integrating various content forms and interactive features to
support diverse learning preferences (Liu & Yu, 2023).

Intelligent learning systems are characterized by their ability to adapt. Based on
assessments and progress analytics, they adjust to students' evolving needs and abilities. Such
systems respond to students' changing requirements and adapt to new developments within a
knowledge domain (Gunda & Dongeni, 2017). They automate content management, ensure
materials remain updated and pertinent, and tailor recommendations to meet students' interests
and needs.

To increase the engagement and participation of students in education, it is appropriate if
intelligent educational systems include interactive elements, such as games, simulations, online
discussion forums or other interactive tools. (Wang & Zhao, 2021)

Providing immediate and accurate feedback is an essential feature of intelligent learning
systems. This feedback can be generated automatically based on the results of tests or
assignments, or teachers and tutorials can provide it. Some intelligent learning systems can
provide real-time learning and support, allowing students to get immediate help or clarification
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when solving problems. The prerequisite is the integration of chatbots and intelligent
explanatory modules.

Data security and protection are also self-evident requirements. Ensuring data
confidentiality, integrity, and availability is a crucial priority for intelligent education systems,
especially regarding students' personal data and sensitive information.

From the above, intelligent learning systems should possess several properties that
distinguish them from traditional ones and enable them to provide enhanced learning
experiences. They mainly include:

1. Personalisation:
o the ability to adapt to each student's needs, preferences, and learning style.
o Providing personalised content, exercises, and assessments.
2. Adaptability:
o ability to adapt to changing needs and abilities of students in real time.
o Automatic adjustment of teaching content and procedures according to the assessment
results and analysis of student progress.
3. Interactivity:
o The presence of interactive elements such as games, simulations, or online exercises
increases students' engagement and active participation.
4. Feedback:

o Providing immediate and accurate feedback to students regarding their performance

and progress.

o Analytical tools for tracking and evaluating student results.

5. Education analytics:
o ability to collect and analyse student data to identify patterns, trends, and areas for
improvement. Using predictive analytics to predict future student performance.
6. Real Time Learning:

o Providing immediate support and explanations to students during their learning

process.

o Dynamic adaptation of teaching based on students' current abilities and knowledge.

7. Automated content management:

o Automatic management and updating of educational material content according to

new information and student needs.

o Recommending new topics or materials based on the results of the analysis.

8. Integration with artificial intelligence technologies:

o Using artificial intelligence technologies, machine learning, and other advanced

algorithms to improve the system's behaviour and ability to learn from experience.

Suppose an intelligent education system is to emulate teacher-led education in its
characteristics. In that case, it must be able to flexibly adapt to the diverse needs, learning styles,
and progress of individual students. So, it must be adaptable. Here are some ways to achieve
this:

e Analysing and tracking student progress: The system should be able to track student
progress through interactions with content and various activities. This progress should
be systematically analysed to identify strengths, weaknesses, and potential areas for
improvement.

e Personalised Feedback: The system should have mechanisms to provide personalised
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feedback to students based on their individual needs and performance. This feedback
should be immediate, relevant, and tailored to specific student challenges.

Adaptive learning environment: The system should be able to dynamically adapt the
content and learning methods according to the individual needs and preferences of each
student. This includes offering alternative materials, assignments, and activities tailored
to students' performance and interests.

Personalised recommendations: Based on the analysis of students' results and progress,
the system should be able to offer personalised recommendations for the next steps in
the educational process. These recommendations should support students in their
learning and development.

Flexibility in content and format: The system should offer a range of content and
formats, enabling students to employ diverse learning and interaction methods. This
includes text, audiovisual, interactive, and other types of content that can suit different
student preferences and learning styles.

Continuous updating and improvement: The system should be able to regularly update
and improve its functions and capabilities based on new knowledge, technological
innovations, and user feedback. In this way, it will be ensured that the system can
constantly adapt to the changing needs and requirements in the field of education.

5 Architecture of an intelligent educational system

The architecture of an intelligent educational system outlines its structure, components,

and operational relationships, which are crucial for visualizing the system's organization and
achieving educational objectives (Cheung et al., 2003; Dutt et al., 2022). Understanding this
architecture is key to optimising system performance, enhancing transparency, and fostering
stakeholder confidence. It enables the identification and rectification of issues, the generation
of innovative improvements, and a better understanding of user needs. Additionally,
architectural knowledge facilitates security risk analysis and ethical evaluations, underpinning
the system's reliable deployment, functionality, and evolution (Yilmaz et al., 2022).

The system's architecture can be represented from several points of view, with each

approach examining the system from a different aspect. (X. Zhang & Cao, 2021) Critical
aspects of an intelligent learning system architecture include:

1

Architectural elements — elements define the structure of the system. In the case of
software architecture, components, modules, or packages can be used. Architectural
elements form a system, and architecture describes how these parts are organised. These
can include modules for content management, adaptive learning, data analysis, and
interaction with students, among others.

Description of system behaviour. System behaviour is determined through relationships
and interactions. Architecture describes how the individual components of the system
communicate and cooperate to achieve common goals. This may include data transfer,
information exchange, synchronisation of activities, and other forms of interaction.
Technological and software solutions: Identifies the technologies and software tools
requiredd to implement individual system components and modules. These can include
database systems, development tools, and algorithmic libraries, among others.

Data structure describes how data is organised and managed within the system. It
includes database structure, data formats, backup and recovery processes, data
protection, and more.
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5

Security aspects: How data and information in the system are protected against
unauthorised access, manipulation, or loss is identified. This includes access policies,
encryption, auditability, and other security measures.

When designing the architecture of an intelligent learning system, considering the

technical solution and available technologies, it is essential to consider several key factors that
affect its effectiveness, flexibility, and usability. These are mainly the following factors:

Flexibility and Modularity: The architecture should be flexible and modular, allowing
system components to be easily added, removed, and updated as needed and according
to requirements.
Scalability: It is vital to ensure the architecture is scalable and can handle the growing
number of users, data volume, and performance requirements.
Integration with existing systems: If learning systems or technology platforms already
exist in the organisation, it is crucial to ensure that the new intelligent learning system
can integrate with and work effectively with them.
Security: Data security and student privacy are key factors in the architecture design. It
is essential to ensure that the system is resilient to attacks, has robust data protection
mechanisms in place, and complies with the relevant legal requirements for data privacy
protection.
Personalisation and adaptability: Architecture should support the personalisation and
adaptation of education according to students' individual needs and preferences. This
includes monitoring student progress and adapting content and teaching methods based
on their performance and learning style.
Analysis and use of data: It is essential to include a mechanism in the architecture for
collecting, processing, and analyzing data about students and their educational process.
This data can be used to identify trends, improve learning processes, and provide
personalised feedback.
Sustainability and governance: Architecture should be designed with sustainability and
governance in mind. This includes ensuring easy system maintenance, updates, and
management, as well as practical resource and cost management.

Following the content of the previous chapter, in which we listed the critical properties

of an intelligent educational system, it is clear that it must be composed of elements that ensure
these critical properties. From this point of view, an intelligent educational system must contain
the following elements:

Learning contents: Creating and making educational materials and content available is
key. These contents may include texts, images, videos, interactive exercises, and other
forms of educational material.

Learning Algorithms: Learning algorithms are the cornerstones of an intelligent
learning system. These algorithms analyse and process data, generate recommendations,
and personalise learning for individual users.

Personalisation and adaptability: The ability to personalise learning content and
procedures according to students' needs and preferences is crucial for effective
education. Intelligent systems often employ personalized approaches to enhance
learning outcomes.

Feedback mechanisms: Providing feedback and evaluating student performance is
important for monitoring their progress and identifying areas for improvement.
Interactive elements: Interactive elements, such as simulations, games, and discussion

123



Martin Misut - Maria MiSutova ARCHITECTURE AND ATTRIBUTES OF THE INTELLIGENT
ONLINE EDUCATION SYSTEM

forums, can enhance student engagement and involvement in the learning process.

e Learning Management: Learning management involves planning, organising, and
monitoring the learning process, including planning lessons, assigning tasks, and
monitoring student progress.

e Technical infrastructure: Technical infrastructure includes the hardware and software
required to operate the system, including servers, databases, web interfaces, and
applications.

e FEthical and Security Aspects: Since student data is sensitive, an intelligent learning
system must adhere to strict security and ethical standards.

An intelligent education system incorporates various modules to deliver tailored and
practical learning. The content management module updates and customizes materials, such as
lessons and videos, based on student needs. The adaptive learning module personalises the
educational environment by tracking progress and adjusting content or methods accordingly.
Interactive tools facilitate student engagement through forums, group activities, and virtual
labs. The analytical module analyses educational data to enhance learning outcomes, while the
feedback module offers real-time performance evaluations and improvement suggestions.
Assistive technologies, such as chatbots, aid student learning, and security modules protect data
and ensure privacy. Collectively, these interconnected components form a holistic system that
adapts to and engages students, offering personalised, dynamic learning experiences.

Fig. 1. Architecture of Intelligent e-Learning System.

Intelligent E-Learning System

Figure 1 shows a simplified representation of the essential components of an intelligent
e-learning system. The mapping of individual functional areas is hidden in other layers of the
architecture. The component diagram for the intelligent e-learning system visualizes the
structure and interactions among its various components, outlined as follows:

E-Learning Platform (ELP): Serves as the central hub for the system, providing interfaces
for learners and instructors while managing the delivery and interaction with learning content.

e Fetches Learning Content from Learning Material Database (LMD): The ELP retrieves
educational materials and resources from the LMD to present to the users.

e Sends User Data to Data Analysis Module (DAM): User interactions and engagement
data are sent from the ELP to the DAM for processing and analysis.

e Receives a Customized User Experience from the Personalization Module (PM): Based
on insights generated by the DAM, the PM tailors the learning experience, which the
ELP then delivers to users.

Learning Material Database (LMD): Stores the educational content, including multimedia
resources, course materials, and other learning aids.

e Supplied with Additional Content by Integration API (IA): External content sources can
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augment the LMD through the IA, ensuring a broad and up-to-date repository.
Data Analysis Module (DAM): Analyzes user data to extract patterns, preferences, and
performance metrics.
e Analyzes User Interactions via User Database (UD): The DAM processes data from the
UD to understand user behaviour and learning progress.
e Provides Learning Insights to the Personalization Module (PM): The PM receives
insights about learning efficacy and user preferences to inform content customization.
Personalization Module (PM): This module adapts the learning experience based on
analytics, ensuring that content delivery is responsive to individual learner needs.
e Enhances Personalization through Integration API (IA): The PM can leverage external
tools and data via the IA to refine its adaptive strategies.
User Database (UD): Contains detailed profiles, activity logs, and progress tracking for
each user, supporting personalised learning and analytics.
e Stores User Profiles for E-Learning Platform (ELP): The UD provides essential user
information to the ELP, enabling tailored interactions and progress tracking.
Instructor Dashboard (ID) and Learner Interface (LI): Provide role-specific
functionalities and access points within the E-Learning Platform.
e Instructor Access & Tools via E-Learning Platform (ELP): The ID offers instructors
tools for course management, analytics, and learner interaction.
e Learner Access & Features via E-Learning Platform (ELP): The LI presents students
with a learning interface, resources, and personalized content.

6 Conclusion

Artificial intelligence (AI) and emerging technologies are significantly reshaping the
modern education landscape, offering a more dynamic and interactive learning environment.
Integrating Al into e-learning solutions marks a revolutionary step forward, enabling the
creation of tailored learning pathways that adapt to individual learners' preferences and
performance levels. This personalisation extends to the customisation of online courses,
ensuring that learners receive content that is most relevant and beneficial to their educational
journey.

The transformative potential of Al in the e-learning sector is profound. It can
revolutionise traditional learning paradigms and make education more accessible, engaging,
and effective. The advent of Al-powered educational platforms promises a future where
learning is more adaptable, interactive, and aligned with individual needs and goals.

To harness the full capabilities of intelligent educational systems, it is essential to identify
the features that distinguish them from conventional e-learning frameworks. These distinctive
characteristics include adaptive learning algorithms, data-driven content personalisation, real-
time feedback mechanisms, and advanced analytics for performance tracking.

The development process for intelligent educational systems involves meticulous
planning and design centred around the requirements and preferences of end-users, particularly
students. This entails a comprehensive analysis of user needs, available technologies, and the
extent to which intelligent functionalities can be integrated. The architecture of these systems
must be conceived with a keen understanding of technological capabilities and limitations,
ensuring that the final product is both technologically advanced and economically viable.
Developers can create practical and impactful educational tools that leverage Al to enhance
learning outcomes and user experiences by aligning the system's technical specifications and
costs with available resources and user expectations.
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In conclusion, the evolution of Al and related technologies sets a new benchmark for
educational systems, emphasising customisation, efficiency, and user-centric design. As these
intelligent systems continue to evolve and mature, they promise to redefine the educational
landscape, making it more inclusive, engaging, and attuned to the diverse needs of learners
worldwide.
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