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Abstract.

E-learning platforms that integrate personalized material and adaptive assessments for every student may be able
to adjust to the unique learning styles of their students. This improves learners' performance in learning and their
acquisition of content knowledge. Adaptive educational systems are educational information and communication
technologies that react in real-time to the actions of the student and, in accordance with the information received,
provide with individual support. The idea is to model an e-learning system that will adapt to users' learning
preferences; the system learns about users' learning styles as the user learns the system's material content. We
reviewed trends in adaptive e-learning system development, explain learning-style models towards learners'
learning character, and provide an architectural model for an adaptive e-learning system based on learning-style

concepts and models.
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1.0 Introduction.

According to Adetunji and Ademola (2014), the goal of any educational platform is to give students the information
they need to become more knowledgeable about a given subject. However, the learning process is a variable that
depends on the prior knowledge, motivation, and needs of individual learners. This understanding presents a

problem that highlights the significance of creating an adaptive system that takes into account each learner's unique
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needs in order to facilitate an efficient learning process and knowledge acquisition. (Adetunji & Ademola,
2014b)Learning objects are categorized based on how well they fit the various learning styles and types, and they
are then made available to each student based on their specific needs, preferences, and abilities (Alhawiti &
Abdelhamid, 2017c).

E-learning has developed into software applications or learning management systems (LMS) for the management,
recording, monitoring, reporting, automation, and delivery of training courses, educational programs, or learning
and development initiatives. Both blended (hybrid) learning and distant learning may make use of these
technologies.E-learning platforms have advanced and learner tracks have been more accessible, a number of
classification and prediction systems have been developed. The learner data gathered enables the creation of
various profiles and, consequently, the recommendation of modified content. Personal information, social
circumstances, academic history, abilities, personal traits, preferred learning styles, online behaviour, and other
aspects of the student are all described in the learner profile. One potential use in the academic domain is the

prediction of student failure and dropout, two significant issues in today's educational systems (Hamim et al., 2021)

This paper examines the idea of learning style, how it varies among students, and the structural model for an
individualized adaptive online learning system built on the differential concept of learning style. A system that can
deliver material information in a way that adjusts to learners' past knowledge and abilities, learning preferences
and styles, performance level and knowledge state, interests, individual circumstances, and motivation is also
known as an adaptive learning system. A model of the student's attributes is created and used during the interaction
with the learner by the personalised adaptive e-learning system. The goal is to give students the right content at the
right time, which means that the system can assess each student's level of knowledge, monitor usage, and
automatically organize content for the best learning outcome. An ideal elLearning system would rely on the
following components to realize adaptation in terms of the teaching and learning process. Personalized e-learning
systems powered by Al require a comprehensive approach that includes in-depth examination of e-learning data
sources and available data. The relevant information should be taken from the e-learning databases and these needs

appropriately synthesized (Murtaza et al., 2022)

2.0 Related work.

2.1 Learning Styles.

The word "learning style™ refers to the process by which the learner organizes, processes, represents, and combines
this information and stores it in his cognitive source, then retrieves the information and experiences in the style
that reflects his technique of communicating them. (Fleming& Baume, 2006) In the twenty-first century, however,
learning styles are a significant concern, and students are expected to engage and connect with their surroundings

and develop self-awareness (Klasnja-Milic¢evi¢ et al., 2010)
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2.2 VAK model

Each learning theory advances our knowledge of how people learn in a unique way. Visual (verbal), visual (non-
verbal), auditory, and kinesthetic are the four categories into which the VAK model divides learning styles. Table
1 illustrates how each VAK model learning style might be modified for use in an online learning environment.
Each learner's model will have information on their needs, requirements, interests, prior knowledge, learning style,

and behaviour. Each learner belongs to the "sensitive" learner category for the courses (Vagale et al.,2018)

According to Faisal et al. (2015), recommends VAK for structural characteristics of topics constituting the content
of a learning system because it focusses on human observation channels; vision, hearing, and feeling. It has been
demonstrated that it is beneficial to identify the learner's preferred learning style, whether it be visual, auditory,
reading/writing, or kinesthetic, and to align the curriculum with these learning styles. Academic confidence has
increased by allowing learners to access information using terms they are comfortable with in the learning

environment (Faisal et al., 2015)

Table 1: VAK Learning Styles with E-learning Preferences.

Learning Style E-learning Preferences

Visual (verbal) E-books. lecture notes, and articles

Figures. charts, tables. maps. wvideos. and
animations

Group work, virtual lectures, sound samples, and
video conferences

Kinesthetic 3D models and hands-on tests

Visual (non-verbal)

Auditory

2.3 Felder Silverman Learning Styles Model.

Felder Silverman Learning Styles Model (FSLSM) is typically utilized in e-learning settings to guarantee
adaptability with regard to learning styles. The majority of existing learning style models divide students into a
small number of groups, whereas FSLSM characterizes a student's learning style in detail by differentiating
preferences along four dimensions: sequential/global, visual/verbal, sensing/intuitive, and active/reflective (Felder,
R. M., & Silverman, L. K, 1988) An online learning object repository is used to manage how students engage with
the learning objects. Students can locate pertinent learning materials and determine their preferred learning modes
with the aid of the repository. According to the findings of the assessments of these educational resources, students

believe they are user-friendly and useful for enhancing their learning (Alharbi et al., 2012).
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When these four dimensions in figure 1,that is, learning styles as well as their attributes are taken into account, it
becomes clear why this classification is the most widely used for identifying learning styles in online education.
Texts, essays, multimedia presentations, audio-video recordings, simulations, and other digital educational
materials can all cover the characteristics of each dimension. Additionally, it is possible to algorithmically
implement the instruction model's form step-by-step while maintaining all of the traits of a specific identified
learning style (Arsovic & Stefanovic, 2020)
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Figure 1: Felder, R. M., & Silverman, L. K. (1988)

learning in big leaps

2.4 The VARK model.

The VARK model, one of the most well known model used to classify learning styles. The VARK model created
by Fleming and Baume (2006) includes the four preferred learning styles. The letter “V" stands for visual and
denotes a visual style, the letter "A" for auditory and denotes an auditory style, the letter "R/W" for "write/read"
denotes a reading/writing style, and the letter "K" stands for "Kinaesthetic" and denotes a practical style (El-
Sabagh, 2021c)

The four categories of the VARK Learning Style Inventory are shown in the Fig. 2 below.
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Figure 2: VARK Learning Style.

Learning styles in e-learning should not be seen as a strict categorization scheme, but rather as a guiding
framework. Digital learning has seen a tremendous transformation by the incorporation of learning styles into e-
learning, which has made it possible to move from delivering generic content to individualized, adaptive learning
experiences. Individual differences in learning preferences, cognitive capacities, and engagement levels are not
taken into account by traditional online learning environments, which are frequently in one-size-fits-all
instructional paradigms. Many learners suffer from low learning results, disengagement, and decreased retention
rates as a result (Fleming & Baume, 2006). Adaptive learning systems use artificial intelligence, behavioral
analytics, and machine learning to improve learning efficacy and personalize information in order to address these
issues (Romero & Ventura, 2020).

3.1 Adaptively in E-learning System.

El-Sabagh (2021) each learner has various needs depending on their learning preferences and style, the learning
management system provides all learners with the same resources. The interactive e-learning environment requires
assessing the learner's preferred learning style either prior to the course delivery through an online quiz or during
the course delivery by monitoring student responses (DeCapua & Marshall, 2015).

According to El-Sabagh, (2021b).Learning-style-based adaptive e-learning greatly enhances student engagement.
Each learner has own learning style, and research indicates that individuals prefer using various kinds of
educational resources and exercises. Learning effectiveness is influenced by the preferences of the learner. A
learning environment that works best should adapt its output to the demands of the learner. Students’' engagement
and motivation increase with the creation of excellent teaching resources and activities tailored to their individual
learning preferences. In developing educational resources based on learning theories, learning styles are wonderful
place to start. (El-Sabagh 2021b).The smart e-learning environment provides more attention to the personalised
needs of learners, and adaptive learning systems can provide technical support to meet learners' learning needs and

realize personalised learning environment(Li & Liu, 2024a)
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Figure 3: Adaptive Core Elements.
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3.2 Learner Model.

A learner is described by the learner model (LM) system. Lifelong learning is the setting in which LM is applied.
The system characterises the learner in a lifetime context. Based on the data lifetime, the learner data are separated
into three categories; fundamental data, extra data, and learning process data. Data values that remain constant
throughout time, such personal information, are included in the basic data. Personality, pedagogical, preference,
system experience, and device data are examples of data values that appear in the additional data and have a
tendency to vary over an extended period of time. Data that are continuously changing, such as historical data and

present-moment knowledge, are included in the learning process data (Vagale et al., 2018)

3.3 Content Model.

The basis of the content model (CM) is learning objects (LO) and various resource formats. The learning course
consists of one or more themes. Each topic has a single or more LO. The theoretical, practical, evaluation, and
descriptive sections make up each LO's four constituent parts. The description section provides an overview of the
learning object's primary features, assignments, and place in the course structure. The theoretical component
contains the information meant to be learnt. Knowledge is demonstrated through activities and resources. The
practical portion includes exercises meant to reinforce the knowledge gained. The evaluation area includes
activities such as exercises and quizzes to assess the knowledge that students have acquired (VVagale et al., 2018)

3.4 Adaptive Model.

Adaptive learning is a technique for tailoring learning experiences to the individual needs of each learner through
data-driven training. To provide individualized learning experiences, adaptive learning systems can track data such
as student performance, engagement, and progress. The adaptation model offers adaptation techniques that are
applied within the system as well as techniques for adaption (Arsovic & Stefanovic, 2020).The course material,
course structure, and topic sequencing are all modified using the learning system and modifying the course
structure to incorporate various learning object components from the developed content model. Course material is
adjusted according to the learner's chosen learning degree of difficulty, past knowledge, and preferred learning
style. Depending on the learner's desired learning style, the theoretical section of the LO presents learning
resources. The LO section's resource types include visual, auditory, kinaesthetic, and a mix of visual-aural learning
modalities (Vagale et al., 2018b) According to student feedback regarding their preferred learning styles and

approaches, adaptive e-learning is utilised to either teach or modify the material (Hussein & Al-Chalabi, 2020).
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Figure 4: Adaptation Model.

3.5 Personalization in E-learning.

Personalization in adaptive e-learning is customizing the learning experience to each learner's needs, preferences,
and behaviors.This is accomplished through the use of data analytics, machine learning, and artificial intelligence
(Al) to build a dynamic learning environment that changes in real time. Personalization is based on Atrtificial

Intelligence (Al) approaches, where each learner's preferred learning methods and comprehension level are used
to select the suitable content (Murtaza et al., 2022)
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Personalized learning process (Murtaza et al., 2022)
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3.6 Conclusion and Future Work.

Adaptive e learning focused on learning styles would help students become more engaged. This flexible e-learning
approach continuously modifies course material to accommodate students' changing needs, promoting efficient
and individualized learning. In addition to addressing individual learning preferences, the system improves
performance, engagement, and retention by combining machine learning and reinforcement learning.The primary
objective of this study is to offer a road map for designers/developers in creating an adaptive e-learning model that
addresses the shortcomings of conventional teaching/learning methodologies and learning management systems
based on learners learning style. Designing and integrating different elements to allow for more individualized and
customized instruction and learning is the goal. This calls for elements for data analytics, tailored course
development and modifications, adaption, and improvement initiatives. It is possible to organize and customize
the courses for particular learner groups. The qualities of the learners such as their learning preferences, past
knowledge, and other pertinent information form the basis of adaptation. The adaptive e-learning architecture is
designed to offer numerous features that are essential to any created system's operation. Techniques for adaptation
enhance the system's performance and must be assessed by the students with ease in adjusting to the preferred

learning style.
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