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Applying the Fuzzy Logic Technique, In the Student Model as One of the
Components of Intelligent Tutoring Systems

*Najib A. Hassan *Bader N. Awedat *Khaled A. Ayad

Abstract: For the sake of aiding students in learning, computers have been widely used as an
assisting tool, and one of the most sufficient computer applications in this field is Intelligent
Tutoring Systems. This paper is aiming at elaborating a component of a student model for an
educational application to get to know programming language (C++) using the techniques of
Fuzzy logic. We should diagnose each student's requirements, misunderstandings, and
cognitive capacities in implementing a student model. It is difficult to diagnose the student's
models since it is rife with ambiguity. Fuzzy logic is one of the strategies used to deal with
uncertainty; it describes the level of understanding and the cognitive ability of the student. By
assessing the notes and resources that can be provided to the student, Fuzzy logic is able to
improve the efficiency of the Intelligent Tutoring System. It is also capable of enhancing the
system’s ability to make the correct decision.
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Introduction:

The arena of computer-based learning systems has been broken through by Artificial
Intelligence which enabled a product of tangible and measurable improvement in the
educational process, by introducing artificial intelligence techniques and by integrating media
such as texts, sounds, GIFs and images. Intelligent learning systems, in addition to teaching
strategies (that determine the way of teaching), can be defined as computer-based educational
systems that have independent databases or knowledge bases for educational content (that
determine what is taught) and try to use conclusions about the ability of the learner to
understand subjects and identify their weaknesses and strengths so that they can be adapted to
them. The intelligent method of learning consists of the following elements:

Knowledge of the educational field (the specialized curriculum to be introduced or learned)

e Knowledge about the learner
e Knowledge of teaching strategies

Intelligent learning systems represent a link between a behavioral approach to computer-
based learning and a cognitive paradigm. It is a product of research in the field of artificial
intelligence and it is called intelligent because it includes models for the field to be learned,
models for students, and models for the expert teacher in the field. Those interested in
education believe that the efficiency of an educational system of any kind should be evaluated
"on the basis of what knowledge has been acquired and not on what has been taught.”

The student model is an essential component of the smart learning system used to deal with
doubt, especially when the student does not meet face to face with the teacher (Butz et al.,
2004) . The Student Model contains individual properties and cognitive groups in the
knowledge component. The knowledge component contains information related to the
student’s level of knowledge, personal desire, and psychological characteristics of the student
(Chrysafiadi & Virvou, 2010). Fuzzy logic is able to increase the performance of the
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intelligent learning system in determining the notes and materials that it should provide to the
student. It is also able to increase the system's ability to make the right decision (Chrysafiadi
& Virvou, 2013).

Learning systems architecture:

A lot of teaching methods are based on presenting facts and concepts to learners and then
testing them by a set of questions. This method is effective in exposing people to large
amounts of information and testing their ability to remember, but it often impresses in the
mind the information that learners can remember and may lack the ability to apply it well
when needed. On the contrary, smart learning systems use simulation and more interactive
learning environments that force learners to apply their learned knowledge and skills, and thus
these systems form environments that help learners retrieve and apply knowledge and skills
more effectively in practical situations. As showed in Figure (1) smart learning systems
consist of the following basic models (Gokmen et al., 2010)(Major & Reichgelt, 1992):

Domain Model
Student Model
Pedagogical Model
User interface Model.

Figure (1) Architecture of Intelligent Tutoring systems
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Fuzzy logic:

For ambiguous details induced by inconsistent results, the fuzzy logic approach is used.
Variables are often involved with a certain value in system modeling, and solving this
uncertain value requires the use of fuzzy set theory. "This theory describes variables that,
instead of a logical value such as "True / False or Yes / No, have a value such as "low",
"normal™ and "high." The fuzzy class is defined by one of the function members expressed by

1 (X)
palx):x = [0,1], where p,(x)

1, absolutely in A
0, absolutely not in A

(0,1), =xpartiallyinA
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The value Ha(X) is called the degree of membership and it has a value between 0 and 1
(Drigas et al., 2009) when x belongs to class A, the value is 1, and when it does not belong to
class A the value is 0. The higher the value of belonging to the function, the stronger the
degree of belonging to the function.

Fuzzy Logic in the Application Form:

In an intelligent learning system, Fuzzy logic is frequently used in the creation of a student
model, such as the student model used in (ITS) for Pascal learning(Chrysafiadi & Virvou,
2010). In an intelligent learning system, Fuzzy logic is frequently used in the creation of a
student model, such as the student model used in (ITS) for Pascal learning [2].In this paper, a
hierarchical tree represented the content of the domain, and each content was represented as a
node. To explain the student's ID in the educational area, the Fuzzy logic was used, and the
fuzzy law implied the expertise of the student from level to level. The student model estimates
the percentage of error at which the student would fall to solve the problem. To help learners
remember educational content, based on fuzzy set theory, an adaptive learning system has
been evolved.

Research method:

Fuzzy Logic has been used in this paper to build a student sample application. The student
model is used to reflect the student's experience of studying the language of C++
programming. 6 definitions, as seen in the Table (1) below, will be included in the student
model.

Table (1) Content Concept

Concept C1 C2 C3 C4 C5 C6
Descriotio | Sum in Calculatio Countin Sumin | Counting Calculation
P NAVGin | . 9 | while | inwhile | AVG inwhile
n for loop in for loop
for loop loop loop loop

To define the knowledge of the student, the fuzzy category will be split into four
categories, namely:

e Unsatisfactory, if the passing score is between 0 percent -60 percent in the field
concept.

e Satisfactory, if the passing score is between 55 percent -75 percent.

e Good, if the degree of performance in the field is 70% -90%

o Excellent, if the passing score in the field of concept is 85 percent -100 percent.
The fuzzy class's organic feature is described as follows:

1,

«— GG X=055
Funl:x} = 1 - ] 55 ‘{: x ‘:-: 6':'

0,5 x= 60
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5-—55
s L == x = 60
_ 1, 60 <x <70
Huk() = x—70
1— c T0=<x=175
0, x=<550rx>=75
x— 70
T TO<<x=<<75
1, 75 =x =85
(= x—85
— - 85 < x =90
0, x=T0orx=90

x—85

, 85 < x<90

5
Muke) =) 1, 90 =< x = 100
0, x = 80

The organic function and the fuzzy rules which will be used for the method of inference
will now be described. The Table (2) was used to elaborate on the intensity of the conceptual
relationship. In programming, when the student succeeds in learning any grammar, he will
have some understanding of the grammar, for instance, when the learner gets to know
"Calculation average in For loop" along with "Counting in While loop™ he might have some
knowledge of "Calculation average in While loop” and these rules are concerned with
"Calculation average in For loop™ as well as "Counting in While loop”.The connection
between Ci and Cj is explained by the relation, since the definitions preceding Cj are Ci.
There are two facts depending on this relationship:

e Based on Ci scores, the cognitive level of Cj increases.
e Based on Ci scores, the cognitive level of Cj decreases.

The cognitive level is modified after the student completes the exam, and the relationship
feature in Table (2) is used to change the cognitive level. This function defines a relationship
centered on Ci to update Cj.

Table (2) Membership Function

Ci Cj uD(Ci, Cj)
Cl C4 1

Cl C2 0.81
C2 C6 0.52
Cl C3 0.45
C3 C5 1

C4 C5 0.45
C4 C6 0.39
C5 C6 0.41

Rule 1 : If Ci and Cj knowledge level is S1 then Cj knowledge level maintain S1 with pS1(Cj)
= max[uS1(Cj) , uS1(Ci) * uD(Ci, Cj)].
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Rule 2 : If Ci is S1 and Cj is S2 then Cj will turn into S2 with uS2(Cj) = uS2(Cj) * uD(Ci ,
Cj).

Based on Ci knowledge level, Cj knowledge level decreases using the following rule:

Rule 3 : If Cj is 100% Learnt then Cj value will not updated.

Rule 4 : If Cj is S and Ci is Unknown then Cj will become Unknown with pUn (Cj) =
pUn(Ci) * uD(Ci , Cj).

Rule 5: If Cjis S and Ci is Unsatisfactory Known then Cj will become Unsatisfactory Known
if uD (Ci, Cj)=1.

Rule 6 : If Cj is Learned with degree < 100% and Ci is Known then Cj will keep Known with
uK(Cj) = pK(C)) * uD (Ci, Cj).

App building:

In this document, we establish an implementation of fuzzy logic that is used to test the
student model. The application is constructed using the programming language (C #).
Below are the sites (Figures 2,3,4 and 5) used by the submission.

Figure (2) User Entrance Form Snapshot.

i Je=adl ML-II“
Intelligent Tutoring Systems
- ASlodlae Ao dasa | wallall acl
‘ ﬁ'ﬁiﬁ | ‘ E dsda

Figure (3) App Content Options Page.
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Figure (4) Example of Learning C++ Loops
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Figure (5) Example of User Instructions.
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Intelligent Tutoring Systems

:Course Objective

This course is designed to give student brief introduction to the
basic concepts of C++. it is explores the structure of C++ workbook
and demonstrates basic techniques required

:Instructions

:you can chose the topic you want to learn from the left dropdown menus
The topic that colored by Blue are learned -

The topic that colored by Red are not ready to learned -

The topic that colored by Green are ready to learned -

Conclusion:

In this study, our purpose is to construct an adaptive instructional application to learn
the language of C ++. Customized support is accomplished by a device usage interface
that supports fuzzy logic techniques. The fuzzy logic was selected on the basis that the
knowledge we have about students (whether it is their attitude towards studying, their
needs or their ignorance of those subjects) is, in effect, imprecise information. Fuzzy logic
was also used to handle skepticism and justify human intelligence and cognitive skills.
Fuzzy groups were used to identify the concept as a process by which the framework
operations revolve around the rules triggered after any improvements to the importance of
awareness of concepts in the area of knowledge and learning. These approaches describe
the user paradigm which is the basis for adapting the method.

Recommendations

There are some of the actual limiting problems and future challenges in the ITS area. To
eliminate this problem ITS researchers should be concentrated some important principal efforts
and characteristics such as Reusable Components, Standardization Efforts, Shared Vocabularies,
Ontologies, ITS Shells, Distributed and Agent-Based Architectures, Personalization techniques
(web mining), Case based reasoning, Adaptive hypermedia. Besides, psychology and education
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sciences play the crucial role to develop efficient and effective ITS. So psychology and
education sciences must be cooperated with computer science to creat an effective tutoring
strategies in the tutoring module of the ITS. As successful tutoring methods is developed, ITSs
will be indispensable tools for education and tutoring.
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