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Abstract: Adaptive e-learning theaim isto fill the gap between
the pupil and the educator by discussing the needs and skills of
individual learners. Artificial intelligence strategies that have the
potential to simulate human decision-making processes are
important around adaptive e-Learning. This paper explores the
Artificial techniques, Fuzzy Logic, Neural Networks, Bayesian
Networks and Genetic Algorithms, highlighting their
contributions to the notion of the adaptability in the sense of
Adaptive E-learning. The implementation of Artificial Neural
Networks to resolve problems in the current Adaptive e-learning
frameworks have been established.
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. INTRODUCTION

The essence of secondary education has dramatically

changed since 2000. The participation rate has increased
significantly, generating substantial diversity both among the
scope and thus the student population of the programs
offered. A diverse range of students must care for classrooms
which mostly demand that they pay for quality teaching and
should receive it. In consequence, universities seem to have
more intention than they had ever done before to improve
education and maintain quality assurance. Adaptive learning
or adaptive teaching seems to be a method of obtaining
students with personalized instructional material based on
their unique learning capabilities. It is, in essence, the
opportunity to provide customized Al servicesin educational
and corporate settings. The learning platform that uses
computer algorithms, such as Artificia Intelligence, and is
trained to consider the strengths, limitations, learning styles
and abilities of students before providing them with the
required learning materials and tools. There are some key
conceptsto bear in mind when talking about adaptive learning
technology:
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e The standard of the educational material used.

e The capacity of the Al-based platform to define,
evaluate and change student progress.

Monitoring improvement, assessing success, and
leveling based on results

In this regard, there is also an equally common idea of
adaptive e-learning that focuses mostly on providing online
students with similar experience.

Biologica evolution, standards of living, the environment —

all differ from the students’ perspective and are critical to the
student's learning period. When it comes to education, the
traditional notion of a single classroom or one-size-fits-all is
rightly losing its luster [1]. People are different, and then no
one learning style is sufficient for all. This is where
technology, particularly Al, can help to make content that
meets the student's needs, either in schools or even in
corporate settings. Together with technological evaluation
and Al, data on the learning speed and abilities of individual
students can be obtained cost-effectively and shared to
learning environment enjoyable, fun, and attractive.
Look at the example of Singapore-based Vere360, which uses
Artificia Intelligence and VR provide academic excellence
on social and economic issues and professional development.
The platform partners with multiple content partner clientsto
create educational content that students (school and
vocational) can access via a Virtual World Educational
Application[2].

Another notable example of Al-based Chatbot in education
would be that of Botsify, a chatbot that tests students by
showing footage, videos, texts on a particular subject and
responding to questions.

E-learning can be built in 2 ways when one form of
e-learning is conceived as a synchronous e-learning style of
learning, while the other is conceived in a self-speed,
asynchronous e-learning, which is shown in figure 1 [3].
Adaptivelearning isanew tendency in e-learning, which aims
to narrow the difference found in conventional e-learning
frameworks by adapting the delivery of educational resources
to the educational approach of every single individual [4]. An
Adaptive e-Learning System (AES) be made up of three(03)
different models; a Student model, a Domain model and an
Adaptation model [5]. The student model conjointly
remarked because the learning model or the user model, is
contains all student data. The Domain model contains the
course content to support reconciling course delivery. It acts
as an information repository that consists
of topics, contents,
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pages or nodes and navigation links associated with the look
structure of the portrayed information and therefore the
reconciling model combineswith the reconciling theory of an
AES by combining the domain model with the coed model.

It defineswhat are often tailored and the way and onceit'sto
betailored [6]. Efficiency and effectiveness of the AES varies
depending on the methodology employed to gather
information about the educational needs and traits of the
students, as well as how this information has been processed
to improve an intelligent and adaptive learning perspective
[7].AES emphasizes the importance of individual differences
among the students when they attempt to model an ideal
e-Learning environment, concentrating on the identification
and meeting their personal educational demands. Theideas of
Artificial Intelligence are of considerable importance in the
development of some sort adaptive e-Learning environment
because they are able to mimic the decision-making processes
adopted by humans [8]. The paper determines the Artificial
Intelligence attitude to effective education in the adaptive
e-learning context.

Throughout paper, the article provides a collection of issues

related to the adaptive training method and related computing
strategies, their benefits and drawbacks, or the value of
victimization of these techniques to build smarter and much
more economical |earning environments.
The current COVID-19 pandemic situation makes it
impossible for even a smart classroom. Thus, launched an
e-learning content development platform to support distance
learning in Sri Lanka.
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The author will give a summary of severa recent issues
related to the adaptive education systemin Section 2. Section
3 offers a description of the artificia intelligence approaches
used by adaptive training systems. Finaly, current
suggestions and a suggestion for future study.

Il. REVIEW OF RECENT Al TECHNIQUESFOR

ADAPTIVE EDUCATIONAL SYSTEMS

With the advent in education technology, the new
generation of learners has improved access among each
deviceaswell asthe network. Over the last few years, theidea
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of adaptation in the sense of learning has become an important
subject of study. The research has shown that the
implementation of adaptation would provide a much better
learning experience, because learners will understand and
provide methodological knowledge in avery alternative way.
Mostly with advancesin teaching technology, in particular the
conception of e-learning, it is crucia to consider the training
vogue and desire of learners for new augmented reality[9].

Adaptive learning, a new method based on Al, will be more

effective than a traditional e-Learning system in which It
adapts information and overall contact structures to the users
and their knowledge and behaviors [10].
Therefore, these data could be used to build an adaptive
learning environment effectively. The nonheritable
information can then be wont to build adjustive learning
environments effectively and used. Such student models and
information will be employed in two (2) separate the
approaches once they need been collected. the primary is to
coach the pedagogy of the integrated education program
instructed by specialists and design engineers. The second is
that the complicated capability of the program to be told itsel f
from the actions of teachers or students[7]. During lifelong
learning, these coping skills can benefit both learners and
programs.

Pedagogical data mining and learner analytics are two key
areas of overlap that might be extremely important for the
development of al these capabilities. Models of artificial
intelligence are also useful in achieving certain capacities, as
they would be able to learn and mimic the mechanism of
making human decisions[11].

Preparing for university admissions, for example, is never
easy, particularly for students who do not have the means
(financial/technology) or access to quality resources. To
promote this, BioBeyond has built an Interactive Learning
Framework for the University-Entry Biology Course. The
online course consists of eight units and the application will
provide input on which parts the student requires to operate.
Thus, the current and relevant issues towards digita
educational environments, for example the massive open
online courses (MOOCs), educational data mining, learner
analytics, and relevant artificial intelligence techniques,
necessary to be examined and discussed in far more depth.

A. MASSIVE OPEN ONLINE COURSES(MOOCYS)

MOOCs was the trend founded in 2008. To some extent
open learning approach has recently become popular [12].
There are two features in MOOC: free of charge and
accessible to al userg[13]. MOOCs were recently made
accessible for learning through several leading colleges and
universities such as Stanford aswell asin Harvard. There can
be thousandsto millions of userswho might be enrolled in any
course, this is many individuals.The key task for MOOCs
would be to obtain enormous data sets, deriving from the
experiences among students with their learning environments
to generate insights into adaptive human learning.

According to [14], The number of students enrolling in
massive open-line courses is extremely drop-out rates and
hence the graduation rates in such courses
are lessthan 13%.
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The option may be to change education based on the student's
behavioral analysis. Interaction research is not merely
beneficial on university grounds; it enables students to obtain
feedback on their accomplishments and styles of learning[15].
A comprehensive research on MOOC artificial intelligence
and data mining applications has already been issued by
Fauvel and Yu [16].

B.MINING AND OPTIMIZATION FOR EDUCATION

According to the Dozens different Open-source Learning
Management Systems (LMS) are available as examples of
ATutor, OpenSWAD, Moodle and ILIAS aso learning
portals such as Jury’s Inn, Vaillant or massive open online
learning which may provide e-learning lessons. These courses
highlight a huge amount of data available as a compiled form.
The personal attributes and performance evauation of the
student dictate every stage of the process. This data is
anayzed through two research disciplines: Learning
Analytics (LA) and Educational Data Mining (EDM)[11].

The International academic processing Society, EDM is
outlined as areplacement field of study aimed toward making
ready techniques for the exploration of specialized kinds of
info obtained from the education sector and so the opposite
hand, they delineated EDM because of the appliance of these
techniques to strengthen the understanding of students and so
the atmosphere throughout that they acquire information. As
per the Society for Learning Analytics analysis, Learning
Analytics (LA) is characterized as collecting, quantifying,
analyzing and notifying student-related info regarding their
traits, while the coaching method area unit typically well
understood and increased and along with the atmosphere
throughout that it happens[17].

If a continuous watch is held on both the students ' resullts,
then student experiencing difficultiesin the understanding the
educational material could be identified in the earliest
instance and this can also help to distinguish particular
sections of the course that trigger a greater difficulty. When
suitable instruments are not available then the entire process
is more complicated and may take more time. Students will
have the facility to be directed by the appropriate resourcesin
alignment with their expectations and desires, motivation, and
success, they will be ableto visualize the learning outcomesin
graphic form and see where they rank with fellow members of
the class, as well as visualize actions and efficiency in the
sense of co-education activities.

The key barrier to the effective use of LA and EDM
approaches are limited understanding and expertise, a
significant number of educators and experts lack knowledge
of both realistic and theoretical principles about the correct
use of certain techniques. Also, unable to properly interpret
the data and correctly discern the inferences or come to a
decision on the steps that can be taken. To find a solution to
this issue, efforts must be made to create a positive
atmosphere for each other and develop a data-driven
approach [18] on the subject of education and to list the
surveys and visions conducted throughout the framework of
learning analytical findings and educational data mining and
the application to education objectives with the development
of adaptive e-learning courses[18]-{20].
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C. STRATEGIESOF EDUCATION DATA MINING

The two methods that DM primarily employs are Al
(primarily machine learning) and statistical instruments. Two
specific categories which can be categorized in DM methods
isshownin figurer 2.
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Figurell Educational data Mining techniques
I11. ARTIFICIAL INTELLIGENT STRATEGIESFOR
ADAPTIVE E-LEARNING

Adaptive education systems aim to optimize the overall
learning approach to accommodate the students' needs[21]. It
istherefore important to properly define the student's profiles
and models, considering the performance, skills, and
characteristics of their students. The required knowledge must
be used and improved to enhance the adaptive learning
environment. Al solutions are considered useful tools, thus,
adept of generating and replicating processes of
decision-making [8]. Al technologies, including Fuzzy Logic
(FL), Decision Tree, Bavarian Networks, Neural Networks,
Hidden Markov Models are al used in Adaptive education
systems and are dedicated to Al policy, as well as adaptive
learning. Al methods in adaptive education systems are used
in many forms. The Al methods are being used to encourage
the completion of the assessment process such that the course
material can be adapted to the needs of each learner and many
of them are used to learn from either the scholar programs to
adapt the approved computer programs [8], [22], [22]-{24].

In amodel of lifelong learning, the learning models created
from student behaviors. Consequently, the implementation of
an integrated education system focused on knowledge of how
learnersinteract with learning environment in understandable
and conceptua white-box models.

Essential in guiding the adaptation approach to the needs of
learners, and in understanding how learning is carried out.
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Examples of Al Methods are Fuzzy Logic (FL), decision
trees, neural networks, genetic algorithms, and Markov
models, can handle rationa decision-making's inherent
ambiguity and are groundbreaking approaches that can tackle
interpretation, confusion, and partia reality.

Al techniques are useful in this regard for many reasons,
along with the ability to improve and mimic human
decision-making process and the development of automated
and realistic teaching-learning model§[25].

A. FUZZY LOGIC

According to Zadeh (1965), it gradually evolved into a
common and efficient user modelling technique, because it
could imitate human reasoning. Fuzzy logic could be used as
an extension of that same standard set model [26]. The Fuzzy
Logic System (FLS) consists of four (04) stages (as shown in
Figure IIl): fuzzifier, rule base, inference engine and
defuzzifier.

The Fuzzy guidelines reflect learning-teaching actions
within a human-readabl e and language-specific. Its simplicity
makes them ideal for easy evaluation to clarify the purpose
and process of certain combinations of input-actuated similar
rules where a certain set of output conclusions have been
made.

inputs outputs
System
e
Rules

FigurelV Fuzzy Logic Controller [27]

Crisp Input —> Crisp Output

Interface Engine

FigureV Overview of a Fuzzy Logic System [28]

A new mechanism and evolution of fuzzy systems could be
defined as type 2 FLSs, in which type 2 fuzzy sets express
digital and semantic. The type 2 fuzzy device may be
proposed to model a direct and rising uncertainty results. The
expanded portion of Sort 1 FL isreferred to as Type 2 FL and
Type 2 FL is reduced to Type 1 FL with total ambiguity
disappearance. [29], [30].
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The user modelling framework, backed by FLS, is
constructed in the sense of adaptive e-learning, causing
simpler user interpretation with the developer [31]. FLSs are
adopted to gage and measure learning and knowledge-related
results, a lot of specifically analyze task targets, multiple
evaluations of parameters, etc. In the development of AES,
FLS may aso be applied within the student modelling
process, so that the content of the course is adapted to fit
individual learning designs. Sorting a pair of FLSs can be a
new type of fuzzy systems, familiar with the express
numerical and language ambiguity, and could be projected to
model adirect and those uncertainty outcomes. Extended type
one American state sort a pair of American state offers a
technique for dealing with numerical and linguistic ambiguity
sources that exist in e-learning environments.

B. NEURAL NETWORKS

Visual information and major issue will indeed be carried
out with the use of an oversized number of interlinking
neurons or sections, referred to by anyone as a man-made
neural network (ANN). Specifically, the model human
behavior due to various their capacity to a method and to
produce advanced information [8]. ANNSs that are thought to
be agood mechanismto uncover difficulties, and especially in
the world of science, further contribute towards the
improvement of tutorials explicitly throughout the sense of
adaptation e-learning.

Chaplot, considering its new adaptive learning system
design, supported ANN, that has the flexibility to manage
multi-concept objects to accurately predict student results,
and then choose to pursue the best issues tailored to the
proficiency [32]. The anticipated method goes beyond the 2
limitations of the current AES; the lack of a scholar Model to
deal with multi-concept issues and indeed the failure
including its Domain Model to reliably select suitable issues
for scholars to optimize knowledge acquisition through both
the jobs of ANN.To address multi-concept issues, the
projected development methodol ogy of the Student Model or
Learner Model is intended to leverage the related ANN,it
does not presume any connection between inputs, contrary to
earlier approaches.

Hmedna explains the methodology, but ANN is also
accustomed to establishing the educational varieties of
learners assisted by their behavior in wide Open Online
Courses (MOQC).

N
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Theforecast method encompasses asix (06) stage approach,

a knowledge assortment, pre-processing, feature extraction,
classification, learning profile, and adaptation.
A Neura Network can be used for the Classification Section
(Supervised Classification) to discover and classify learning
patterns. The system is often adapted to AES in distinctive
individual learning designs that lead to the enhancement of
the system's capabilities. The supervised classification
technique used for this project could be a critical step
wherever the messaging platform is always introduced to
learners in an even way by their vocabulary. [33] Table 1
below illustrates comparison between fuzzy logic vs neural
network.

Table 1 Comparison of Fuzzy logic vs Neural Network

Fuzzy Logic Neural Network
Form of logic that would be Centered upon on human
humanlike reasoning and brain's biological neural
decision-making. networks for computing.
Allows to accomplish the Accelerates the functions of
responsibilities of equally estimation, identification, and
pattern recognition and classification.
classification problems
Methodology of thelogic that is
like human cognitive and deals
with ambiguous and vague
knowledge.
Knowledge can be available

a. BAYESIAN NETWORKS

A Bayesian Network (BN) can be a Direct Acyclic Graph
(DAG) that describes the likelihood of dissemination
associate in an extremely specific way that permits the
diffusion of qualified probability asacorrect illustration [34].
It is frequently used for the student modeling in smart
educational systems.

Mangalwede and Rao have developed an e-learning

framework when you are looking for comfortable and
integrated learner evaluation module which implements
customized content provision with case-based reasoning and
BN. A lead to a paradigm for a particular course area unit
thought about where the query areaunit was divided into three
groups as basic, moderate, and troublesome.
A queries square measure organized in an autoregressive
model wherever the probabilistic connection between the two
(02) sequential issues area unit captured exploitation BN.
Such an approach seeks to authenticate the essentia
comprehension and skill of both alearner when thisincentive
isto never raise a problem that only the learner can respond
effortlessly [35].

b. GENETIC ALGORITHMS

Genetic Algorithms (GA) Area Unit Optimization
Algorithms supported Charles Darwin's theory of species
evolution, wherever the goa is to hunt AN extreme of
performance outlined in the field of information [36]. In
conformity with the Davis (1991), optimization for the
process is carried out in four (04) phases: low-level
formatting. Selection, crossover, mutation [37]. Bhaskar has
planned a GA mainly based reconciling learning method for
context-aware eLearning [38]. The learning schemeinvention
algorithm is supposed genetically since the background
parameter values of the different learners are limitations that
need to be satisfied in the generation of the learning method.
Relative to the that same method suggested by Huang.

A devicethat isinspired by
biological neuronsin the human
brain and thus can execute
computational task better.
Difficult to extract knowledge
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[V. CONCLUSION

Thetheory of adaptive e-learning exemplifies the process of
learning from one learner differs from the other. The creation
of realistic student models and profiles by modeling student
personality traits, expertise levels are essentia in the
development of even an adaptable educational process.
Research analysis seems to have an improvement in the
adaptation of Fuzzy Logic and the implementation of
Artificial Neural Networks. Usage of Bayesian Networks to
build a flipped classroom paradigm to fix the hesitancy of
learning.

The Neural Network Approach Extraction Function can
also be regarded as a significant technique to be used in the
development of the Adaptation Moddl. Further research can
be conducted out along with way when an adaptive el earning
system can be developed using ANN.
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