M.AL-KHAFAJI

STUDENT ACHIEVEMENT PREDICTION BASED ON ARTIFICIAL
NEURAL NETWORK VERSUS FUZZY LOGIC

MUSTAFA AL-KHAFAJI

ATILIM UNIVERSITY

JANUARY 2021

2021

STUDENT ACHIEVEMENT PREDICTION BASED ON ARTIFICIAL NEURAL
NETWORK VERSUS FUZZY LOGIC

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
ATILIM UNIVERSITY

BY

MUSTAFA AL-KHAFAJI

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
THE DEPARTMENT OF COMPUTER ENGINEERING

JANUARY 2021

Approval of the Graduate School of Natural and Applied Sciences, Atilim University.

Prof. Dr. Ali KARA
Director
I certify that this thesis satisfies all the requirements as a thesis for the degree of Master of
Science in Computer Engineering, Atilim University.

Assoc. Prof. Dr. Gökhan ŞENGÜL
Head of Department

This is to certify that we have read the thesis SRUDENT ACHIEVEMENT PREDICTION
BASED ON ARTIFICIAL NEURAL NETWORK VERSUS FUZZY LOGIC submitted by
MUSTAFA AL-KHAFAJI and that in our opinion it is fully adequate, in scope and quality, as
a thesis for the degree of Master of Science.

Assoc. Prof. Dr. Meltem ERYILMAZ
Supervisor

Examining Committee Members:
Assoc.Prof. Dr. ÇELEBİ ULUYOL
Computer Education and Instructional Technology,
Gazi University
Assoc. Prof. Dr. Kasım Murat KARAKAYA
Computer Engineering Department, Atilim University
Assoc.Prof. Dr. Meltem ERYILMAZ
Computer Engineering Department, Atilim University

Date: 13. 01. 2021

I hereby declare that all information in this document has been obtained and presented in
accordance with academic rules and ethical conduct. I also declare that, as required by these
rules and conduct, I have fully cited and referenced all material and results that are not original
to this work.

Mustafa Al-Khafaji
Signature:

ABSTRACT
STUDENT ACHIEVEMENT PREDICTION BASED ON ARTIFICIAL NEURAL
NETWORK VERSUS FUZZY LOGIC

Al-Khafaji, Mustafa
Master of Science, Computer Engineering
Supervisor: Assoc. Prof. Dr. Meltem ERYILMAZ
January 2021, # 89 Page

E-learning currently represents great importance in the process of developing the educational
process in all stages from the primary classes to the postgraduate classes, as it provides an
interactive graphical environment that is easy to deal with, as it attracts students to it with ease
and makes them interact with it. This study, used artificial intelligence techniques, represented
by both the neural network and fuzzy logic, to predict student achievement in the final exam
who use the E-Learning Management System. The dataset used in this study was taken from an
Iraqi engineering college, and it represents data of 200 students who have enrolled in the
computer science course. The data were (gender, age, resources downloaded, videos viewed,
discussion chat joined, midterm1 score, midterm2 score, final exam score). The type of artificial
neural network used was pattern neural network. Levenberg-Marquardt's algorithm was used to
train the neural networks. For the fuzzy logic Sugeno fuzzy inference system was used. The
study results were promising and good as the results showed that the students who spend more
time on the learning system have the most success rate. In this study, the neural network trained,
tested, and all the results were recorded, where the accuracy of the results was 73%. The same
thing for the fuzzy logic technique where the results were more accurate, as the average
percentage of accuracy results was 88%.
Keywords:

Artificial neural network, Fuzzy Logic, Artificial intelligence, E-Learning,

Moodle
iii

ÖZ

YAPAY SİNİR AĞINA KARŞI BULANIK MANTIĞA DAYALI ÖĞRENCİ BAŞARI
TAHMİNİ
Al-Khafaji, Mustafa
Y. Lisans, Bilgisayar Mühendisliği Bölümü
Danışman: Doç. Dr. Meltem ERYILMAZ

Ocak 2021, # 89 sayfa
E-öğrenme şu anda birinci sınıftan lisansüstü sınıflara kadar eğitim sürecinin tüm
aşamalarında büyük önem taşımaktadır. Bunun sebepleri başında e-öğrenmenin öğrencilere
kolay anlaşılır etkileşimli bir grafik ortam sağlaması ve her an ulaşılabilir olması gelmektedir.
Bu çalışmada, E-öğrenme Yönetim Sistemini kullanan bir ortamda sınava giren öğrencilerin
başarılarının tahmini için hem sinir ağı hem de bulanık mantık içeren yapay zeka teknikleri
kullanılmıştır. Bu çalışmada kullanılan veri seti bir Irak mühendislik kolejinden alınmıştır ve
bilgisayar bilimi dersine kaydolan 200 öğrencinin verileri kullanılmıştır. Veriler cinsiyet, yaş,
indirilen kaynaklar, görüntülenen videolar, tartışma sohbetine katılım, 1. ara sınav puanı, 2.
ara sınav puanı, final sınav puanı olarak sınıflandırılmıştır . Kullanılan yapay sinir ağının türü,
desen sinir ağıdır. Levenberg-Marquardt'ın algoritması sinir ağlarını eğitmek için
kullanılmıştır. Bulanık mantık için Sugeno bulanık çıkarım sistemi kullanılmıştır. Çalışma
sonuçları umut verici ve anlamlıdır, çünkü sonuçlar öğrenme sistemine daha fazla zaman
harcayan öğrencilerin en yüksek başarı oranına sahip olduğunu göstermiştir. Çalışmada sinir
ağı kullanıldığında test sonuçların doğruluğu % 73 olarak kaydedilmiştir. Bulanık mantık
kullanıldığında

ise

doğruluk

sonuçlarının

ortalama

yüzdesi%

88

olarak

bulunmuştur.Çalışmanın sonucu bulanık mantığın başarı tahmin yüzdesinin daha yüksek
olduğunu göstermektedir
Anahtar Kelimeler: Yapay sinir ağı, Bulanık Mantık, Yapay zeka, E-Öğrenme, Moodle
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CHAPTER 1
INTRODUCTION
1. INTRODUCTION
University education represents a remarkable piece in supporting human development
around the world. University education not only provides the basic skills necessary for
the labor market, but also provides the training necessary for all individuals of different
specialties, whether teachers, doctors, nurses, engineers, entrepreneurs, sociologists, and
so on, where all these trained individuals can develop and improve analytical abilities
and skills that will advance the local economy, support civil society [1].

The method of teaching influences the process of learning and therefore its results.
Traditional learning methods have been used for a very long time and it is time to
change these methods and use more interactive learning methods of E-learning. At
present, the applications of artificial intelligence in the academic field have spread very
significantly all over the world, especially after the majority of educational institutions
use online learning systems [2]. E-learning is considering as a path of supporting the
process of education, and transform it from the level of memorization to the level of
creativity. It combines all electronic forms of the learning process, and the teaching
process, where the latest methods are used in the fields of education, publishing, and
entertainment by the adoption of computers, storage media, and networks. The causes
that why we need to use E-Learning are viewed anywhere and used anytime, less
expensive for many users almost free platforms, tracking capabilities, self-paced
learning, review tool, performance support for right on time learning, delivered ondemand and unlimited simultaneous users [3]. The previous decade has witnessed the
massive development in the technological field, where the impact has shifted to the field
of education.
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This technological development linked the world in the shape of a small village in the
era of mixing information technology and culture. The Utilization of modern computers
and their various applications had the greatest impact on the development of learning
and the process of education in all its elements where communication became among
the elements of the learning system electronically and the exchange of news and
information between computer networks are a concrete fact that explained access to
centers of science and knowledge and libraries and see the new, moment by moment.
With the development of computer uses in teaching and learning; the Internet has shown
its enormous potential that research in all its fields and types have not been able to
explore and identify its effects on the educational process [4]. E-learning is one of the
models of internet use in teaching and learning, and it is also a method of education
which is used to provide information to the learner, and in which the modern
communication mechanisms of the computer and its networks and multimedia is used,
i.e. the use of technology of all kinds [5].
The E-learning system delivers information to students or learners in a short time and
without any effort that may be mentioned, and huge benefit in a way that enables the
management of the process of education and control straining, measuring, and
evaluating the performance of learners [2]. E-learning now is considered one of the
neoteric directions in the learning process so that the question now is do we need to use
e-learning? But the question has become: How can we use it efficiently and effectively?
The e-learning term has spread since the use of the electronic display to deliver
information to the student in traditional classes and the use of visual media in the
procedure of self-education, to the creation of smart schools and virtual classrooms,
which enables students to attend lessons and seminars that occur in other countries
through the use of Internet service and video communication technologies. E-learning
enables the student or learner to search for knowledge and skill through interactions
with their academic courses Which can be accessed very easily by using one of the web
browsers such as Firefox, Google Chrome, or using special LMS software such as
MOODLE [2].
2

E-learning, with its strength and flexibility, can improve the outcomes of the process of
education and solve many of the problems that education suffers from today, while
maintaining educational quality, where:
• Provides educational content for learners anytime, anywhere over the world Wide
Web and in many other formats.
• Reduces the costs of education and training.
• Enables to follow learning accurately.
• Helps universities absorb large numbers of students.
• Education is provided to residents in remote areas [5].

The efficient and effective use of E-learning requires an education and LSM that
provides communication between all parties of the educational system, so LMS such as
Wikispaces- Moodle - Dokeos or closed source such as Blackboard and WebCT
represented as the most important and valuable component [5].

1.2 LMS
E-learning is an integrated system responsible for managing the E-learning process
through the internet or local network and this system includes admission and
registration, registration in courses, duties, follow-up of student learning, and
supervision of learning tools my commitment and non-commitment, tests, and
certification. LMS consist of many programs and tools that carry out all the functions of
managing E-learning on the internet, which are functions of a technical or
administrative nature, and those functions are essential and include sub-functions [1][2].
3

The technical functions are through which the basic methods and data through which
the system works are equipped appropriately for the actual needs of the educational
structure that performs the system. As for the administrative functions through which
the system administrator can determine the courses taught by each student or group of
students and control them by determining the level, he studies and the scheduled
subjects, as can the system administrator or who is granted the powers to manage
student affairs and prepare performance reports for each student and level Educational
achievement and the levels that it successfully exceeds in addition to many services
provided by LMS [5].
LMS also called VLE which indicates the virtual learning environment and meant
Learning Environments systems that act as a support and booster for the educational
process so that the teacher or professor set the educational subjects such as sources,
exams, and lectures on the LMS site that contains discussion sessions and the rest of the
electronic services that are related to the subject [5].

LMS is software whose function is to save and manage the educational course
electronically in addition to facilitating the process of learning management. The LMS
is a program designed to manage, follow and evaluate all learning activities, so it is a
solution for planning and managing all learning activities in the organization [2][5]. The
E-learning management system is known as storing the content of E-courses, managing
the learning process, organizing and managing administrative and educational activities
within the educational institution, including the management of enrolled students, tests,
curriculum, and identification of educational tasks and methods of implementation [2].
The lesson plan, enabling students to use them for a variety of independent purposes
that achieve self-regulation and organization of educational activities, so, E-learning
management systems are concerned with managing and delivering learning and
organizing student activities as well as implementing the management aspects of the
organization. Educational under an integrated system [2][5].
4

E-Learning Management is a software that designed to help manage, follow up and
deliver educational activities and continuing education, so it is a strategic solution for
planning, education, and management of all aspects of learning in the educational
government's ability to support the government's work in the area of public security is a
clear and default or courses directed by the faculty [5]. Education management systems
are the automation software for the management of educational activities in terms of
curriculum path, interaction, exercises, evaluation, etc., and the education management
system can be defined as a system of services for electronic educational content that
allows the granting of students, teachers, and supervisors Access to it, including access
powers depending on the level granted to the user, control and modification of content,
tools to communicate, manage and deal with groups of students, chat, follow-up student
performance, etc. [2][3].

1.3 Advantages of an LMS
Learning management systems include educational content management systems,
curriculum management systems, e-learning platforms, and learning portals. LMS has
several advantages, the most important of which is
1) Ease of use and flexibility as it allows both:
- Providing the student's scientific material via the Internet.
- Presentation of lectures from a distance by electronic halls.
2) Implementing remote electronic discussion forums between faculty and students.
3) Distribution and receipt of duties.
4) Provide remote tests either invigorating tests or final tests with guarantees Security
and safety.
5

5) Enable researchers and students to submit presentations of scientific projects and
research that they carry out from a distance.
6) Used for storage, retrieval of information, materials, and educational programs when
needed.
7) Designing the interfaces of some systems in any language and support them.
8) Quality technical support from within the help program or from a support specialist.
9) Compliance with international E-learning standards.
10) Compatibility with educational institution systems so that the system can be linked
to its prefabricated infrastructure via APIs to comply with IMS standards.
11) Some systems are free; others are open source and some have a simple use cost.
12) Comprehensiveness of all e-learning management systems functions.
13) The system works on an internet browser which provides ease of use, learning, and
employing its properties.
14) Has a centralized authentication system to provide a single-entry point for all parts
of the system while maintaining security in the system [2] [3][4].

1.4 LMS Services
LMS has several services that are all agreed to be provided and are as follows:
1) Managing users, determining roles, organizing the faculty's work, producing reports.
2) The course agenda.
3) View courses over the web.
4) Providing resources to support courses using integrated education.
5) Exchange messages with students.
6

6) Methods of evaluation and evaluation of student performance and testing.
7) View student ratings.
8) Send notices to parents and employees.
9) Arrange users during the process of learning and processing the queue [2][3][4].

1.5 LMS Types
E-learning management systems have two types:
1) Open source: Are systems that are used free of charge and are not allowed to be sold
by any entity. [1][3][4].
2) Closed source: Sometimes called commercial systems, which are owned by a profitmaking company, managed and developed, and allow their use only with a license
[1][3][4].

Table 1 Types of LMS
Open Source LMS

Commercial LMS

Moodle

Docebo

Chamilo

Adobe Captivate Prime

Open edX

TalentLMS

Totara Learn

SAP Litmos LMS

Canvas

LearnUpon LMS

Ilias

Blackboard
Inquisiq LMS

7

1.6 Research Questions
In this section there is a research questions are presented and these questions as follow:

Does using Moodle effect on student outcomes?
Is there any difference between artificial neural network technique and fuzzy logic
technique performance?

8

CHAPTER 2
LITERATURE RRVIEW

2.1 Artificial Neural Network

The ANN is a mathematical model, in which it takes the principle of its work from
the human neural network, even though the ANN depends on the flow of data and
therefore, the changes that occur within the structure of the NN depend on the inputs
and outputs [19]. At present the NN has been introduced in many fields such as air
forecasting, voice recognition, handwriting recognition, in addition to face recognition
and other applications in general, the NN consists of three layers, where the first one is
called the input layer, the second layer is the hidden layer, and the third layer is called
the output layers [16]. A single model can contain one hidden layer or more. Each node
of any layer has a connection that connects it with each node in the adjacent layer (next
layer), but nodes that are within the same layer have no connection with each other
(Figure 3). The job of the input layer is to perform the process of receiving data from
the outside world and then delivering it to the hidden layer, the next step is the hidden
layer role where you perform the task of processing data and delivering the results to the
output layer and the output layer receive data manipulation results from the hidden layer
and selects the appropriate result or prediction. When values are entered by the first
layer, then they are multiplied by the values of weights, which are a group of numbers
predefined, and then the results are added to get one number. Where this number is
considered as an argument and passes through a nonlinear mathematical function, which
in turn returns a number whose value is between zero and one [16].

9

Figure 1 NN architecture and active node

In Figure 2.1 The aggregate of the entered weights enters the j node and the outcome of
the activation function transforms the entered weights of neurons into the outputs of the
activation function. The sigmoid function is considered the most preferred function, and
we can be represented this function by the next mathematical equations:

We can define each neuron's output error by the equation:

Now must minimize the network error function by:

Where the symbol Oj represents the output produced when the input pattern jx enters
the network from the training set, and jt represents the target value. During the training
mode, each weight is changed adding to its previous value the quantity [16].
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2.1.2 Analytical study
In this section, it has been about the previous papers, which discussed the LMS
and the use of ANN to predict student performance. Some researchers used students
'grades only as input data [6][7][9] [10] [15] [16] [17] [18] [21] [22] [23] [24], while
others used personal information, biological, environmental in addition to students
'grades [8] [11] [12] [10] [14] [19] [20]. The majority of models were simple topology
and a few of them were complex like [5] [10] [17]. Most of the researchers used
backpropagation algorithm to training the models, but others used different algorithms
(levenberg – marquart, quick propagation, resilient backpropagation gradient, dynamic,
exhaustive prune, RBFN, GD, BR, GDM) like [6] [12] [14] [20] [21]. E-learning is a
new technique, and research about student performance is estimated at an average of
one research per year. In 2006, 2015, and 2017 the most papers were published Figure 3
shows the number of studies per year.
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Figure 2 Number of studies per year

The figure above shows the number of publications about the LMS and the use of the
ANN field to predict student performance. As shown in the figure the 2015 year has the
most publications about this subject.
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2.1.3 Related literatures

Ionna and Vassili [6] used data of students who only passed the course of "Computer
networks and communication" from the E-Learning system (Moodle) database. They
used three FFNN to build a model that can predict students' achievement in the final
exam by giving the students four MCQ exams, the training algorithm used to train the
network was Levenberg – Marquardt algorithm.

AMANDI, JODOY and VILLAVERDE [7] The data used by the researchers was
"reading, martial, access to example, answer changes, exercise, exam delivery time,
exam revision, chat usage, forum usage, usage of mail, access to information". They
used FFNN (a feed-forward neural network which means If there is no “feedback” from
the outputs of the neurons towards the inputs throughout the network, then the network
is referred to as a “feed-forward neural network”) to see student's education pattern
depending on the actions they have performed in an E-learning system and they used
back-propagation algorithm to train the network to classify students into three
categories perception student, processing student, and understanding student. The
researchers obtained average results for network accuracy where the percentage of
correct prediction was 69.3%.

OLADUGBA and ASOGW [8] The data used by the researchers was taken from
student's files of the veterinary medicine department. They used only the completed
records and it represents 420 students and ignores incomplete data the input consists of
17 factors like "biological, environmental, academic Etc.".
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They used a model of Multi-layer ANN with a Logistic, the function used was Transfer
Function, and the algorithm used to train the model was backpropagation algorithm was
programmed, the model was able to forecast and sort students into three groups:
promoted, repeated, and demoted. The researchers obtained excellent results, where the
accuracy of the model in the correct expectation was 97.07%.

NORSHAM, NORAZHA, and PUTEH [9] used data from profiles of 60 learners. The
data created based on their performance, which represents the level of knowledge. The
data used were grades of the pre-test. They used a multi-layer artificial neural network
model trained with a backpropagation algorithm to identify a group of a similar learning
object as well as to select suitable learning objects for a particular student. The total
accuracy of the network was 100%.

GRAF, BERNARD, and CHANG [10] used data of 127 computer science
undergraduate students and he selects students who spent more than5 min on filling out
the ques. of ILS, submitted more than half of the assignments and attended the final
exam and the final number of students was 75. They used four ANN with a 3-layer
perceptron configuration and the training algorithm was backpropagation algorithm to
predict students learning styles.

ZAHOOR and SHAHZADI [11] the researchers took data from 300 social sciences
BS and MSc students in Gujrat Hafiz University.
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The data used was cumulative GPA, the time study, homework …. etc. to evaluate
students 'performance using a multi-layer ANN model and the training algorithm was
backpropagation algorithm to forecast the students being at risk or not for their degree.
The total accuracy of the network was over 95% in training and over 75% in testing.

ALENEZI, AWNY, and FAHMY [12] The researchers took the data used in their
experiment from premedical students' records for the years 2003-2006. The data used
were gender, age, marital, batch, sec.GPA, sec.sc, MCAT, ENG, interview. They used
the ANN model trained with quick propagation to forecast the accomplishment of the
applicant's students to medical sciences, to forecast the student success or failure in their
a premedical year.

ADEWALE, BAMIDELE, and LATEEF [13] the researchers took data from
4schools with 120 students. The data consist of cognitive and psychological factors
"WAEC results, Post-UTME. grades, gender, age, parent occupation, and school
status". They used FFNN to build a model trained with Levenberg – Marquardt
algorithm to aggregate students into different groups according to their predicted level
of performance.

BOGDAN, DRAGOESCU, and CIUCU [14] the researchers took data from Nicolae
Titulescu. The Data used were the type of study program, gender, age, GPA of high
school, and the difference in years from graduate high school to enroll at college.

14

Used a Multi-Layer ANN model trained with iRPROP+algorithm to predict the
student's GPA after the first year of study.

ABU NASER [15] used data taken from Al-Azher University, Department of
Information Systems. The data that he used consists of 90 student's records. The data
used were high school scores, grades of "Math I, Math II, Electrical circuit I, Electronic
I" CGPA, type of high school, gender, number of credits passed. Abu Naser used the
FFNN model and the training algorithm were backpropagation algorithm to forecast the
sophomore student performance in the Information Systems Engineering Department.

FLORES, GALINDO, JIMENEZ, and PINERO [16] They used data taken from the
E-Learning system (Moodle). Data used were the full name of the student, number of
times that has been officially registered in the subject, number of examination sessions,
mark in a numerical format, number of accesses to Moodle, the number of total lessons
the student saw, the percentage of lessons the student accesses from the total accesses.
The number of different lessons the student saw. of each type, have been visited, the
percentage for each type of lesson, divide. the number of times the student entered the
site in each month of the year, divide per month by the percentage of accesses. They
used RBF neural networks and the training algorithms were (probabilistic RBF, exact
RBF, k-means) to predict a student's success or failure. The total accuracy of the
network was 80%.
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OKUBO and OGATA [17] used data took from a log file of 108 students in the ELearning. The data consist of activities of attendance, quiz, report, course view, slide
view in book looper, markers in book looper, memos in book looper, action in book
looper, and word count in book looper. They used the recurrent neural network model
and the training algorithm was backpropagation to forecast the final grades of students.
The researcher got good results total accuracy of the network was more than 90%.

ABU NASER [18] used data took from 67 learners logging file in E-learning system.
13 of these files is invalid so the total will be 54 files. The data used is problem number,
problem difficulty, student expertise, problem attempt, time spent solving the problem,
help level provided, number of errors the student made. Abu Naser used a multi-layer
ANN model trained with backpropagation algorithm to predict the number of errors the
learner will make in solving the problem at hand. The total accuracy of the network was
92%.

OLADOKUN, ADEBANJO, and CHARLES-OWABA [19] used data of 112
students record from the engineering department of the University of Ibadan, Nigeria.
The data used were "age, gender, UME score, the time between graduate from high
school and entering university, type of high school, location of the university and high
school, and the results of "math, English, physics, chemistry". They used Multilayer
Layer Perceptron network typically trained with static backpropagation to predict which
student will do well in the university and who is not. The network accuracy was more
than 70 %.
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ISLJAMOVIC and SUKNOVIC [20] used data were having been taken from 5
Generations of 1787 students in the University of Belgrade's department of
organizational science. The data used were high school GPA, gender, and 11 exam
results of the first year. They use ANN trained with six different algorithms (Exhaustive
Prune, Prune, Quick, Dynamic, Multiple, RBFN). The purpose of this model was to
predict student's GPA after the first year and the best algorithm was Exhaustive Prune
and their experiment showed a good result, where the correct expectation rate was 90%.

ZACHARIS [21] The data used took from activities of 265 students on E-learning
system (Moodle) as input data. The data used were the number of message views or
posts by students, content creation contributions, files viewed, and quizzes efforts.
Zachris used the multilayer layer perceptron network and the training algorithm was
backpropagation to predict students' failure (0) or success (1). His experiment showed a
very good result, where the correct expectation rate was 98.3%

KALINGA and KAZUMALI [22] used data took from Moodle logs (78student) of
three courses. The data took from the Moodle logs by using the excel function. The data
that have used in the experiment were (login session, forum participation frequency,
number of resource views, and undergraduate GPA). They designed the ANN model
trained with GD, BR, GDM algorithms to predict student's success or failure. The total
accuracy of the network was 78%.
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ŞUŞNEA [23] used data collected during 2 years from tests that had been given to 476
military students and civilians. Each test consists of 25 questions. The data used were
success rate, number of correct answers, number of necessary attempts to reach the
correct answer, the necessary time to solve correct, and the necessary time to solve
corrector false. Elena used an MLP and RBF model to identify students into three
groups (poor, good, very good).

OTONG, KUSNADI, MUHAMMAD, and OKY [24] used data took from 292
student records of STIKOM Poltek Cirebon .The data used were Student ID number,
year of admission, name, gender, GPA of 1,2,3 semesters. They used the model of
multi-layer perception ANN to predict students graduate (1) or not (0)

STAMOS and ANDREAS [25] used data from 1,407 students' profiles at Waubonsee
college. The data used were Ethnic Code, Gender, Intent Code, Appl Age, HS Code,
Disability 14, Disability 17, Zip, County, Grad-Age, Srtk Major. They used an ANN
trained with B|P algorithm to predict student's graduation rate. The total accuracy of the
network was 72% at training and 68% at testing.

PINNINGHOFF, SALCEDO, and CONTRERAS [26] used data took from a dataset
that contains 20,000 students derived from PISA. The data used was consist of 46
factors contain (student parent's education, degree of relationship between the teachers
and students, family wealth condition, size and type of school...etc. They used four
different networks "Perception, Global feedforward, Recurrent, and Modular" to predict
students' failure or success. The total accuracy of the network was 82% with the
perceptions network.
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BORKAR and RAJESAR [27] data used by researchers in their experience came from
the 60 students who took the Master of Computer Applications course, Pune University.
The data used were Schooling Education, Previous programming knowledge,
Father/Mother is educated, Graduation, Attendance, Assignment, Unit Test, University
result. They used the ANN trained with backpropagation and Apriori algorithms to
identify students into three groups (poor, average, and good). The researchers got a bad
result where the total accuracy of the network was 46%.

USMAN, LATEEF, ADENUBI, and OLAIDE [28] data used by researchers in their
experience came from the Computer Science Department of the University of Tai
Solarin in Ogun State where they choose 30 students randomly. The data used as input
were the CGPA of the first three years. They used an ANN trained with "TRAINLM,
TRAINGDM, TRAINGDA" algorithms to predict student's final CGPA. The
researchers got a good result where the total accuracy of the network was 92.7%

WANG and MITROVIC [29] The data used by the researcher as input to the ANN
were taken from the student record in the E-learning management system, where the
data were (the level of complexity of the problem, the level of the student, the level of
assistance needed by the student, and the time needed by the student to solve this issue).
They used ANN trained with BP algorithm to forecast the number of errors generated
by the student during the test, where the accuracy rate of the network model was very
high and estimated at 98.6%
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GERASIMOVIC, STANOJEVIC, BUGARIC, MILJKOVIC, VELJOVIC [30]
used data took from 119 graduates from two Belgrade VET schools. The data used were
(Gender, second-grade success, third-grade success, fourth-grade success, Mother’s
education level, Father's education level, Mother’s work status, Father’s work status,
and Schooling financial support). They used the ANN trained with MLP, RBF, Modular
algorithms to identify graduate students into three groups: want to work, Continuation
of schooling at FME in Belgrade, Continuation of schooling at some other faculty. The
total accuracy of the networks was: 76.67%, 49.17%, 70.42%.

APRAKOBKIT [31] The researcher has taken data records of 1600 students from a
university in Thailand. The researcher used WEKA data mining tool. The data used
were (ID, Gender, Status, Age, Continent, Educational background, Qualification,
Father_Occ, Mother_Occ, Scholarship, Dorm, ESL, Department, NativeEng, G.P.A,
C.G.P.A,

Major_CGPA, Credits, NumCourse, Learning Center, Workhour, Activity

Hour). They used ANN trained with Back Propagation to predict which student at risk
and which not. The total accuracy of the network was 83.8%.

KALEJAVE, FOLORUNSO, and USMAN [32] took the data of 60 students studying
in the Computer and Information Systems Department at Tai Solarin university. The
data used by the researchers was the cumulative (GPA) of the student in the first three
years of his studies at the university. They used an ANN and the training algorithms
were "TRAINLM, TRAINGDM, TRAINGDA" to predict student's final CGPA. Their
experience showed very good results, where the correct expectation rate was 91.7%.
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BAHADIR [33] took the data of 372 students who have been graduated from the
Mathematics Department. The data used in her experiment was general mathematics,
Analysis I, pure mathematics, analysis II, Geometry, a Linear Algebra-I. she used an
ANN where the training algorithm was backpropagation algorithm to predict student
grade in Algebra Problem Solving, Special Teaching Methods 2, analysis III, the
conception of prime numbers, and their success at entering an undergraduate program.
Her experience showed good results, as the percentage of network accuracy was
93.02%.

IBRAHIM and RUSLI [34] took the used data from 206 students' profiles, where the
students are studying in the half-year term of undergraduate studies. The data used was
("The amount of the student's knowledge in information systems applications, what kind
of school does the student graduate from, is it at home or abroad, The student's level of
knowledge about programming languages, and the Cumulative (GPA). They used ANN
to predict student's final CGPA, where the total accuracy of the network was more than
80%.

RUSLI, IBRAHIM, and JANOR [35] The data that have been used in the experiment
were marital status, state of origin, the channel of enrollment, gender, student’s age,
type of secondary school, students 'Malaysian university English Test’s result, CGPA
in their first semester, parent’s income. They used the ANN and the training algorithm
used was backpropagation to predict students’ academic achievement. The total
accuracy of the network was 83.27%.
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2.2 Fuzzy Logic

The idea of fuzzy logic arose out of the need to include a very important principle in
modern science, which is the principle of uncertainty, so what does this principle mean?
This principle means completely the opposite of what the white/black logic means, as
things are gray in most cases. For example, the whale is classified within both
categories of "mammals and fish". Rather, it is possible to determine the correct degree
of mammal affiliation and fish affiliation as well, and this is exactly the principle of
imprecision. The first person to think of fuzzy logic was Dr. Lotfi Zadeh, because he
saw the urgent need to simplify complex systems. Fuzzy logic was considered an
extension of Boolean logic. Boolean logic is based on the mathematical theory of fuzzy
sets. This logic allows dealing with things differently from true/false logic as it provides
very valuable flexibility in thinking, which makes us take into account inaccuracies and
uncertainty.
Fuzzy logic is also a new approach to probabilistic thinking in a logical framework.
Probabilistic thinking, which has long relied on the computation of classical logic with
only two values, and debates about the relationship of fuzzy logic to probability remain
fresh and sometimes controversial.
The main difference between fuzzy logic and probabilistic theory is that fuzzy logic is
an unknown, ambiguous logic, the logic of inaccurate ideas and proposals that may be
of little or no importance, and therefore fuzzy logic is a logic made up of partial real
degrees. On the contrary, probability deals with clear concepts and propositions that are
either true or false. Fuzzy logic works as multi-valued logic, while probability theory
deals with two-value logic.
2.2.1 Why we use Fuzzy logic?
1. Theoretically fuzzy logic can be easily understood. fuzzy logic is an approach that
moves away from complexity. Where the concepts or processes behind fuzzy logic are
very simple and easily understandable.
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2. Fuzzy logic has the feature of being flexible. With any given system, you can add any
other tasks to the system without having to start over.
3. Fuzzy logic is not strict with inaccurate data. If you focus carefully enough, you will
see that everything is inaccurate, is even when you do a closer inspection. Fuzzy logic
gets this idea into the process rather than taking it to the end.
4. Fuzzy logic is based on natural language, which is the terminology of the language
we use in our daily life.
5. It can be embedded into classic control systems. It is not necessary to replace these
systems with fuzzy logic systems. Often, fuzzy logic systems simplify and facilitate the
work of classic control systems.
6. It can be built by using the expertise of experts. Unlike artificial neural networks that
need to train data and then generate fuzzy models, fuzzy logic allows you to rely on the
expertise of experts who already understand your system.

2.2.2 Fuzzy Inference Process
Fuzzy inference process: This process is represented by assigning a specific input to a
specific output through fuzzy logic. This mapping process provides a basis upon which
the system can make appropriate decisions as well as recognize patterns. The fuzzy
inference process needs all the pieces that will be explained in the next sections like IfThen rules, logical operations, membership functions.
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Figure 3 Fuzzy Logic process

2.2.3 Fuzzification
Fuzzification represents the first stage in implementing the fuzzy inference system
(FIS). In the real world, most of the variables are in the form of crisp or classic values,
where first we need to change the class of these variables into variables of the fuzzy
type. Then it can be applying fuzzy inference to the fuzzy data to get the desired output.
In the last step, we convert the fuzzy products to crisp values again to complete the
whole process. In general, fuzzification consists of two processes where the first process
is to extract the degree of membership for the input and output values and then represent
these values as linguistic variables.

2.2.4 Membership Functions
MF: It is a curve that shows how the process of giving a degree of membership to each
of the entry points, and the value of this degree is between 0-1. Where the MF is
associated with all the inputs being processed, determines the functional interference
between the inputs, and finally determines the response of the output.
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And the rules use membership values of the input as scale factors to calculate their
influence on the fuzzy output sets of the final output conclusion. when the functions are
concluded, scaled, and combined they will be defuzzied into a crisp. There are various
forms of MF that associated with each input and output. Gaussian is the common
membership function, but triangular, trapezoid and sigmoidal membership functions
also have been used. The simple MFs are formed using only straight lines. The simplest
MF is triangular MF. This function is a combination of three points that form a triangle.
Also, the trapezoidal MF has the distinction of being a truncated triangle.

Figure 4 trimf and trapmf Membership Functions

The figure above shows the simplest type of MFs, which are triangular MF, and
trapezoidal MF.

Two MFs are built on the distribution of the Gaussian curve: a simple Gaussian curve
and a two-sided complex of two different Gaussian curves. The two functions are called
gaussmf and gauss2mf. The bell membership function, called gbellmf, contains three
parameters, meaning it has one more parameter than the Gaussian organic function.
Gaussian and bell functions are a common and used method for determining fuzzy sets
because of their smooth notation and brevity. The two curves are smooth in addition to
being non-zero at all points.
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Figure 5 Gaussian Membership Functions

The figure above shows the type of Gaussian MFs, which are normal Gaussian and bell
MFs. Despite its smoothness, both the Gaussian MFs and the bell function, it is not able
to define asymmetric MFs which in some applications are very important. Now we
come to the sigmoidal MFs, which are open to the left or the right. We can generate
asymmetrically and closed MFs (i.e. functions that are not open to the left or right) by
using two basic sigmoidal functions, we can also generate the dsigmf function, which
represents the difference between two sigmoidal functions, finally, we can generate a
psigmf function which represents the product between two functions of sigmoidal type.

Figure 6 Sigmoidal Membership Functions

The figure above shows the basic sigmoidal function, and the MFs that are derived from
it. In the toolbox, the polynomial curves form many of the MFs. In this type, there are
three MF which are Z, S, and Pi, and they were named by these names according to
their shapes. The zmf function is an asymmetric open-to-left polynomial curve, the smf
which represents the function of mirror-image whose shape is open to the right, and
finally, the pimf is a function whose value is zero at both ends with a height in the
middle.
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Figure 7 Polynomial Membership Functions

In addition to the large set of MF shown in the upper section, we can also add and
generate our membership functions using the toolbox. The reason for the large number
of MF is to cover all possibilities for some researchers, but you can use some important
MF without problems such as gaussian, trapezoid, and triangle.

2.2.5 Fuzzy Rules
We can say that the fuzzy rule represents the expert's familiarity with any linked area of
application. The rules of FL can be performed in form of the IF-THEN conditions series,
which in turn forms algorithms that define or describe the outputs or work to be done
according to the data entered. Human experience and knowledge are a base upon which the
process of writing or designing the rules of fuzzy logic are based, which are different for each
application. The IF part is mainly used to capture knowledge by using the elastic conditions,
where the other part of THEN Where it used to show results in the form of linguistic variables.
The fuzzy inference system uses IF-THEN rule a lot to determine the degree to which the
input data matches the condition of a rule.

2.2.6 Defuzzification
The defuzzification of the data into crisp output is accomplished by combining the results of
the process of inference and then computing the "fuzzy centroid" of the area.
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2.2.7 Related literatures of Fuzzy logic

AZIMJONOV, SELVI, and ÖZBEK [36] used data consist of seven factors ("read Ebook, virtual class attendance, middle examination, quiz, final

Examination,

homework, and watched video lessons,). The model's architecture consisted of seven
inputs and eight outputs. The researchers calculated the membership function by using
this formula: µi(g*x) Student Performance={µ(h*x) Homework, µ(q*x) Quiz µ(m*x)
Middle Examination, µ(f*x) Final Examination, µ(w*x)

Watched Video

Lessons,

µ(r*x) Read E-Book, µ(v*x) Virtual Class Attendance}. The number of IF- Then rule
used was 58 rules. Comparing the outcome of the calculation and the result of the
current rule, we can notice that results are the same and we could say that
implementation was successful. To develop the research, the researchers will attempt to
create an approach that can accommodate multiple subjects in the future.

HAGRAS and ALMOHAMMADI [37] used data were taken from samples of 17
undergraduate students from Essex University. The data used were ("gender, age, fuzzy
logic score, math score, and Java score"). The model's architecture has consisted of five
inputs and six outputs. The Java score improvement was: 26%. The fuzzy logic scores
improvement was: 22%. The mathematics scores improvement was:16%. In the future,
they aim to explore the use of type-2 fuzzy logic systems that can handle the high levels
of linguistic and numerical uncertainties present in these environments.

YADAY, and SINGH [38] used data were having been taken from students in the
Department of Computer Science and applications, MG Kashi Vidyapith Varanasi. The
model's architecture has consisted of two inputs and one output.
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The type of membership functions used was triangular and the method used to make a
decision for a FIS is the Mamdani method. The model was implemented by using
MATLAB. The number of IF- Then rule was 25 rules. The used data were (the grades
of the students in the first and second semesters). Between fuzzy-1 and the classical
method, there is a linear relationship, if a student was successful in the fuzzy-1 method,
he will also be a success in the classical assessment scenario. When comparing the
fuzzy-2 method with the usual (classic) method, different results will be appearing. for
the future, the researchers aim to use a combination of FL and ANN techniques, called
ANFIS to determine the performance of academic students and also improving
intelligent Adaptive education systems for internet-based education.

SAXENA, and SAXEN [39] used data of Marks and attendance. The model's
architecture has consisted of two inputs and one output. The model was implemented by
using MATLAB. The membership range is 0-100 % for Marks, 0-100% for
Performance

and 0-40% for Attendance. The number of IF- Then rule used was 16

rules. The model works successfully and predicts the results correctly.

LOPEZ and CAZAREZ [40] used data were having been taken from the logs of 35
students from the Moodle platform of some bachelor online course of the Sistema de
Universidad Virtual of the Universidad de Guadalajara. The data used were (HW,
Activities, and Forum participation). The model's architecture has consisted of two
inputs and one output. The model was implemented by using MATLAB. The
membership function used was triangular. The number of membership functions used
was 2. The number of IF- Then rule used was 4 rules.
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The statistical model shows better performance with higher levels of accuracy than the
fuzzy logic model. To develop the research, the researchers suggest includes the use of a
genetic algorithm to obtain the membership functions parameters.

SARMA, MANOHAR, and KAKOTY [41] used data were having been obtained
from the knowledge bases are used to represent facts for the inferences. The data used
were (Binary Systems, Boolean algebra, Digital Logic Gates, and Digital Design). The
model's architecture has consisted of four inputs and one output. The number of
membership function used was 4. The results appear in form of a table contains the
name of the topic, score, and description.

GULSECEN, BAL, and YILDIZ [42] used data were taken from the 218 students
participating in the basic computer science course at Yildiz Technical University. The
used data were (" The time spent by the student before he/she going to log in to the
system after uploading the last lesson, the number of times a student logs into the
system, the time that the student spent it related to the system in his last session, what
score he/she got in the quiz taken in Week 4, and what score he/she got in the midterm
exam taken in Week 8"). The model's architecture has consisted of five inputs and one
output. The model was implemented by using MATLAB. The membership function
used was triangular. The number of membership functions used was 5. The number of
IF- Then rule used was 51 rules. The accuracy values for the predictions: Classic Fuzzy
accuracy is 72%, Expert Fuzzy accuracy is 78%, Gene-Fuzzy accuracy is 82,50%. The
model that the researcher used in their experiment can be adapted to the learning
management system. It is possible to predict the level of students early in the study by
using this method.
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RATWASTUTI, OPERMANASARI, and HIDAYAH [43] used data were having
been collected from 71 students after they answered a questionnaire and quiz. The
students of an undergraduate in Universitas Gadjah Mada (UGM), EE, and the IT
department. The model's architecture has consisted of five inputs and one output. The
model was implemented by using MATLAB (ANFIS Editor). The training algorithm
used was backpropagation algorithm. The number of memberships function was 5. The
better sorting model to predict the achievement of academic students was a collection of
three inputs (interest, talent, and motivation), where the value of RMSE was 0.12301 in
the training process and the value of mean magnitude was 0.25611 in the testing
process. To develop this research, the researchers suggested adding the size of the data
and its parameters to the input so that the system can identify patterns and variances in
the process of data classification more easily. furthermore, also, when we do the testing
process using other algorithms, we can then compare the results and the rate of
classification error between the other algorithms and the Neuro-Fuzzy.

ARBAIY, SURADI, and BTYUSOFF [44] used data were (CGPA, Industrial
Training, Extra

Co-curricular Activities). The model's architecture has consisted of

three inputs and one output. The membership functions used were trapezoidal. The
number of membership functions used was 3. The number of IF- Then rule used was 3
rules. The model was implemented by using Microsoft Visual Basic 6.0. The Singleton
Graph was used for Student Evaluation. In the Fuzzy approach, membership values are
assigned to the variables to reduce the rigidity of the decision border which is used in
the classical statistical method. The employment of the fuzzy approach allows humanlike reasoning which is more natural in making decisions. Fuzzy logic is likely to
promise for a proper information processing in the term of the linguistic hedges.
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GOKMENA,

ÇETIN,

TEKTAU,

ONTAC,

GOKHANKOCYIGITA,

and

TEKTAU [45] used data were having been taken from the results of two exams for
20students. The model's architecture has consisted of two inputs and one output. The
membership function used was the triangle. The number of IF- Then rule used was 25
rules. The fuzzy decision-making techniques and fuzzy inference were the Mamdani
method. Between fuzzy-1 and the classical method, there is a linear relationship, if a
student was successful in the fuzzy-1 method, he will also be a success in the classical
assessment scenario. When comparing the fuzzy-2 method with the usual (classic)
method, different results will be appearing. For the process of defuzzification the
technique of a “Centroid” (Center of Area) was applied.

MEENAKSHI, and PANKAJ NAGAR [46] used data were having been collected
from the student's records at the end of the semester, which consisted of (external
evaluation, internal evaluation, and student attendance). The model's architecture has
consisted of three inputs and one output. The membership function used was
trapezoidal. The number of membership functions used was 3. The number of IF- Then
rule used was 43 rules. The model was implemented by using MATLAB. The model
works successfully and predicts correctly. To develop the research in the future, the
researchers suggested adding new factors as well as new fuzzy rules to the model. The
results can be tested on students who take more than one course in a single semester.

UPADHYA [47] used data were consisted of (teaching effectiveness, student
attendance, and infrastructure facilities). The model's architecture has consisted of three
inputs and just one output. The number of membership functions used was 3. The
number of IF- Then rule used was 27 rules. For defuzzification a “Centroid” (Center of
Area) technique was applied. The model was implemented by using MATLAB. The
model works successfully and predicts the results correctly.
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PETRUDI, PIROUZ, and BEHZAD [48] used the students ’grades represented in the
first exam, the second exam, and the partial examination as data for their research. The
model's architecture has consisted of three inputs and one output. The membership
function used was triangular. The number of membership functions used was 3. The
method used to make a decision for a FIS is the Mamdani method. The model was
implemented by using MATLAB. They used the classical method and the FL method,
where we can notice that the value of performance evaluation in FL method for students
whose results are below 0.5 is greater than the classical method. And for students whose
results are above 0.8, the classical method overcomes the FL method

TAILOR, SHAH,

DHODIYA, and JOSHI [49] used students' data, which are

evaluation questions of the education system and teachers, as they included (the style of
education, the quality of the content provided, the level of student satisfaction, the
interaction with the students, the quality of the questions asked to the students, does the
teacher help the students to face their academic, physical or emotional problems, the
extent of his ability to relate the topic to the experience of life, does he have the skill to
deal with the inappropriate style of students, does he use the blackboard or the
whiteboard?). The model's architecture has consisted of ten inputs and one output. The
membership function used was triangular. The results obtained with FL were higher
than the usual methods.

KROUSKA, TROUSSAS, and SGOUROPOULOU [50] used data were having been
taken from 40 undergraduate students who participate in the course “Compilers” in a
higher educational institute.
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20 students used the system employing fuzzy logic, whereas the other 20 students used
the conventional version. The data used were final learner’s grade, kind of
misconceptions, level of tests’ difficulty, and student effort. The model's architecture
has consisted of four inputs and one output. The number of IF- Then rule used was 108
rules. Fuzzy decision-making techniques and the fuzzy inference were the Mamdani
method. The technique of defuzzification used in this model is the Center of Gravity
(COG). The research results are very good for the refinement of the evaluation of
students’ performance. Indeed, students and instructors attested that our proposed
approached can improve the accuracy and objectivity of the final grading. In the future,
they will try to involve the set of machine learning. and fuzzy logic to further improve
their models well as the incorporation of other students’ characteristics, such as their
learning styles.

SINGH YADAV, SONI, and PAL [51] used data obtained from the semester’s
examination for 20 students . The model's architecture has consisted of two inputs and
one output. The membership function used was triangular. The number of membership
functions used was 2. The number of IF-Then rule used was 9 rules. Fuzzy decisionmaking techniques and the fuzzy inference was Mamdani method. For defuzzification a
“Centroid” (Center of Area) technique was applied. The model was implemented using
MATLAB. The linear relationship between the classical method and fuzzy-1. If a
student is successful in the classical assessment method, they will also be successful in
the fuzzy-1 scenario. When comparing the usual (classic) method with the fuzzy second
method, different results will be shown. For academic performance evaluation because
fuzzy C-means clustering algorithms are qualified to generate and separate the
membership function. In the future, they will develop an adaptive smart teaching system
for internet-based education. And they will improve an active fuzzy judge system to
make feedback information about the extent, depth, and overall performance of the
student.
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Based on this new information about the students’ performance the dynamic fuzzy
expert system also decides what is the next course material is with which the student
should be preferred.

ARUMUGAM, KANNAN, and SAKTHIVEL [52] used data were having been
obtained from Paper1 and Paper2 examinations for 20 students. The model's
architecture has consisted of two inputs and one output. The membership function used
was trapezoidal. The number of IF- Then rule used was 36 rules. The method used to
make a decision for a FIS is the Mamdani method. For defuzzification a “Centroid”
(Center of Area) technique was applied. The model was implemented using MATLAB.
Between fuzzy-1 and the classical method, there is a linear relationship, if a student was
successful in the fuzzy-1 method, he will also be a success in the classical assessment
scenario. When comparing the fuzzy-2 method with the usual (classic) method, different
results will be appearing.

CHAUDHARI, THAKRE and DHAWADE [53] used data in their experience
consisted of ("Result of Last three years, Research &Development, Teaching-learning
process, Student’s Feedback, Involvement in college work for last year and Social
activities. The model's architecture has consisted of six inputs and one output. The
membership function used was triangular. The number of membership functions used
was 6. The number of IF- Then rule used was 50 rules. The method used to make a
decision for a FIS is the Mamdani method. The model was implemented by using
MATLAB. Results overcome all uncertain situations and so are more reliable and
flexible to measure the teacher's overall performance. The contribution of this fuzzy
world is based on the rules set by the institution based on the past experiences and
future plans.
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GURUPRASAD, SRIDHAR, and BALASUBRAMANIAN [54] used data were
having been collected from faculty performance appraisal forms of JSS University,
Mysore, India, and was used for the study with the consent of the university authorities.
The data used were ("Teaching, learning, evaluation-related activities, Research,
professional expansion, extension, related activities, co-curricular, publications, and
academic contributions"). The model's architecture has consisted of nine inputs and one
output. The number of membership functions used was 9. For defuzzification a
“Centroid” (Center of the area) technique was applied. The model was implemented by
using MATLAB and VB. Fuzzy values are true values and hence the measurement of
performance of faculty across all categories can be assessed effectively and efficiently
irrespective of and designation.

NAMLI, and ŞENKAL [55] used data were having been taken from 336 students and
divided into two groups, the first one consists of 150 students and the other from186
students. The data of the first group included (attendance, student presentation,
homework score, final and midterm exams, in addition to projects). After that, the data
were arranged into a second group, where only the final and midterm exam scores were
used. The first system architecture consists of 6 inputs and one output, while the second
system architecture consists of two inputs and one output. The number of membership
functions used was two. The number of IF-Then rules used was 16. The method used to
make a decision for a FIS is the Mamdani method. The model was implemented by
using MATLAB. There was a huge variance between the results of the first group and
the second group, in the bias of the first one. Where the percentage of students who
failed in the flexible percentage system was about 19%, while 22% of all students failed
in the absolute evaluation system to evaluate their scores through the FIS.
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CHAPTER 3
METHODOLOGY AND RESULTS

3.1 Neural Network Methodology
3.1.1 Research Design
This study relied on the design of experimental research, and this represents the
quantitative nature of my research, as both input and output variables were collected and
used. The following figure shows the stages of modeling an artificial neural network.

Figure 8 The five Stages of Neural Network Modelling

3.1.2 Samples
The samples used in this study were taken from one of the engineering colleges in Iraq,
where the total number of samples was 200 divided into 97 female students and 103
male students who participated in the computer science course for the academic year
2018-2019. The data collected consisted of (gender, age, the number of times the
student downloaded the resources, the number of times he/she viewed the scientific
videos, the number of times the student participated in scientific discussions, the
student’s score in the first semester, the student’s grade in the second semester, the
student’s score. in the final exam).
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Figure 9 Samples of Data

3.1.4 PRE-PROCESSING DATA
In this study, MATLAB will be used to implement the two models of artificial neural
network and fuzzy logic. The MATLAB program was designed mainly to serve
scientists and engineers, as the main kernel of this program is based on the MATLAB
language, which in turn is based on the matrix, allowing the expression of mathematical
operations in a more natural way. MATLAB makes artificial intelligence easier by
allowing us to develop algorithms, and analyze data through tools and functions that
manage the large data set. MATLAB also contains special toolboxes designed to work
with machine learning, automatic driving, computer vision, and artificial neural
networks. MATLAB allows you to create artificial intelligence with a few lines of code
without the need to be an expert in this field. In the beginning, the data (gender, age,
number of times the student downloaded resources, the number of times he viewed the
scientific videos, the number of times the student participated in scientific discussions,
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the student’s score in the first semester, the student’s score in the second semester) were
divided into training data and testing data by using cross-validation. After that, the
normalization of the target (the student’s score in the final exam) was done on 6 levels,
where the model of this study must show the student at which level.

Figure 10 Samples of data after pre-processing step

3.1.5. Building a Neural Network Model
The structure of the neural network from which the model of this study is composed
consists of three layers (the input layer, which contains 7 neurons, the hidden layer,
which in turn consists of 20 neurons, and the last layer is the output layer, which
contains six neurons that represents the expected student's level in the final exam).
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Figure 11 ANN Model

3.1.6 TRAINING NETWORK
The training algorithm used is the Levenberg-Marquardt Backpropagation algorithm. It is a
mixture of Gauss-Newton and Gradient descent. LM is acts like Gauss-Newton when close to
the minimum (quadratic region), and like Gradient descent when improvement is difficult. It
depends on the parameter ⋋ which controls the mixture of Gauss-Newton and Gradient
descent and controls the step-length. LM is the fastest backpropagation algorithm in
MATLAB and although it requires more memory space, it is the preferred algorithm No. 1.
The number of epochs it took to train the model was 14 epochs. And the time it took to train
the model was about less than one second. After completing the training, the results were
recorded to compare with the fuzzy logic model.

3.1.7 NETWORK TESTING
This step represents the last step in the artificial neural network modeling process, as it
is an assessor of the quality, effectiveness, and accuracy of the constructed model,
where in this study the rest of the original data will be used to test the model and all the
results will be recorded as shown in the results section.
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3.2 Fuzzy Logic Methodology
3.2.1 Research Design
This study relied on the design of experimental research, and this represents the
quantitative nature of my research, as both input and output variables were collected and
used. The following figure shows the stages of modeling an artificial neural network.

Figure 12 The Stages of Fuzzy Logic Modelling

3.2.2 Samples
The samples used in this study were taken from one of the engineering colleges in Iraq,
where the total number of samples was 200 divided into 97 female students and 103
male students who participated in the computer science course for the academic year
2018-2019. The data collected consisted of (gender, age, the number of times the
student downloaded the resources, the number of times he viewed the scientific videos,
the number of times the student participated in scientific discussions, the student’s score
in the first semester, the student’s grade in the second semester, the student’s score. In
the final exam).
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3.1.4 PRE-PROCESSING DATA
All steps of the artificial neural network pre-processing step have been applied to fuzzy
logic.

3.1.5. Building a Fuzzy Logic Model
The Fuzzy logic model architecture consisted of seven inputs and one output. The type
of fuzzy inference systems is sugeno type. The type of membership function used is the
Gaussian function. The number of conditional rules (If-Then) used was seven rules.
weighted average was used for the defuzzification process.

3.1.6 TRAINING NETWORK
After the data in the pre-processing step have been divided into training and test data
using Cross-validation, the sugeno system model will be tested and all the results will
be recorded to be compared with the results of the artificial neural network.

3.1.7 NETWORK TESTING
This step represents the last step in the Fuzzy logic modeling process, as it is an assessor
of the quality, effectiveness, and accuracy of the constructed model, where in this study
the rest of the original data will be used to test the model and all the results will be
recorded as shown in the results section.
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3.3 Artificial Neural Networks Results

The nntraintool function, provided by MATLAB, can be used to show the GUI training
process for an artificial neural network. This interface can be shown before or after the
training process. This interface provides access to many diagrams and plots related to
the current or previously trained network, during or after the training process.

Figure 13 ANN Training Interface

The figure above consists of four parts, where the first part contains a layout of the
structure of the artificial neural network, the second part contains information about the
algorithm used in training, the third part shows the progress of the training process, and
the last part contains the plots and diagrams related to the artificial neural network.
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In order to evaluate the performance of the artificial neural network that we have
trained, we use the mse function, which is considered as a default function to calculate
the performance of artificial neural networks of feedforward type, where the mse value
and its diagram can be accessed by pressing the performance command button in the
training graphic user interface.

Figure 14 The Best training performance of The Trained Neural Network

After every training the Mean Square Error (MSE) is determined. We can say that the
prediction model is good or not through the value of MSE, where the smallest value
(i.e., close to zero) refers to a good model. The figure above shows the best training
performance of the neural network and it was 0.083284 at epoch 8.
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The training performance of the artificial neural network can be evaluated by viewing
the training status of the neural network by pressing the training state command button
located within the diagrams section of the GUI.

Figure 15 The Gradient, Mu, and Validation of the Trained Neural Network

The figure above shows the training state "gradient mu and, validation" of the trained
neural network where the gradient value 0.002961 at epoch 14, the Mu value was 0.001
at epoch 14, and the validation value was 6.
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We can get more information about the quality of the trained neural network to evaluate
it by using the error histogram which displays the division of the backward between our
targets and the real output of the neural network. The histogram has the capability to
mark outliers.

Figure 16 The Error Histogram of the Trained Neural Network

In this network, the histogram indicates that the majority of the errors lies between
-0.9183 and 0.9507.
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The ROC curve is a curve produced by computing, and plotting the true positive rate
against the true false rate of a single classifier with several thresholds. The ROC is used
to evaluate the performance of prediction and classification models, as it examines the
model's ability to separate and distinguish between positive and negative states.

Figure 17 The ROCs of the Trained Neural Network
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In the previous figure, the ROC curve shows the trade-off between the sensitivity,
which is symbolized by the symbol (TPR) and the specificity, which is symbolized by
the symbol (FPT). Classifiers that produce curves close to the upper left have greater
accuracy and better performance, while classifiers that produce curves close to an angle
of 45 degrees have less precision.

The confusion matrix is one of the most important statistical tools in machine learning
and data science, as it can provide the researcher with extensive information about the
performance of the machine learning model for classification.

Figure 18 The Confusion matrix of the trained Neural Network
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In the previous figure, the rows correspond to the predicted class (Output Class) and the
columns correspond to the true class (Target Class). The diagonal cells correspond to
observations that are correctly classified. The off-diagonal cells correspond to
incorrectly classified observations. Both the number of observations and the percentage
of the total number of observations are shown in each cell. The column on the far right
of the plot shows the percentages of all the examples predicted to belong to each class
that is correctly and incorrectly classified. These metrics are often called the precision
(or positive predictive value) and false discovery rate, respectively. The row at the
bottom of the plot shows the percentages of all the examples belonging to each class
that is correctly and incorrectly classified. These metrics are often called the recall (or
true positive rate) and false negative rate, respectively. The cell in the bottom right of
the plot shows the overall accuracy.

Figure 19 The Desired and Actual Data of the Trained Neural Network
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The previous figure contains several levels, which are the levels of the students that the
model should correctly predict. The blank black squares represent the target that the
model should show, while the blue stars represent the actual data that the model has
shown during the training process.

To demonstrate the performance of the model during the training process for each level,
we use a bar graph where each bar represents one element (student).

Figure 20 Output Performance of the Trained Neural Network in Form of Bar

The figure above represents the output performance of the training neural network in
form of a bar and as shown, the data was divided into 6 levels and the bumps shown in
the diagram represent errors during the training process.
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Figure 21 The Error Performance of the Trained Neural Network with Diagnose Rate

The figure above represents the error performance of the trained neural network with
diagnosing rate reached 86%, where Y-axis represents the error value, and the X-axis
represents the number of the training data.
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Figure 22 The Desired and Actual Data of the Tested Neural Network

The figure above represents the desired data that we want from the neural network
model to predict and the actual data that the neural network model produced during the
testing step.
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Figure 23 Output Performance of the Tested Neural Network in Form of Bar

The figure above represents the output performance of the tested neural network in form
of a bar and as shown, the data was divided into 6 levels.
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It is very necessary to determine the accuracy of the model in predicting, so we need to
determine the percentage of that accuracy and what amount of errors the model made
during the testing process

Figure 24 Error Performance of the Trained Neural Network with Diagnose Rate

The figure above represents the error performance of the tested neural network with
diagnose rate reached 73%, where Y-axis represent the error value, and the X-axis
represents the number of the testing data.
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After completing the artificial neural network model test, we now come to evaluate the
model's performance during the testing process through the confusion matrix.

Table 2 The Confusion matrix of the Tested ANN

N=60
Actual : No
Actual : Yes

Predicted: No
TN = 36
FN = 3
50

Predicted: Yes
FP = 3
TP = 7
10

50
10

True positives (TP): These are cases in which the model predicted yes and they do.
True negatives (TN): These are cases in which the model predicted no, and they don't.
False positives (FP): These are cases in which the model predicted yes, but they don't actually.
False negatives (FN): These are cases in which the model predicted no, but they do.
What this study cares about is the values of the true positive and true negative to determine the
overall accuracy of the model.
Overall accuracy = (TP+TN)/total = (36+7)/60= 0.72

Table 3 The Multi-Label Confusion matrix of the Tested ANN

Output

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6

Level 1
0
2
0
0
1
0

Level 2
1
5
0
0
0
0
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Level 3
0
2
5
0
1
0
Target

Level 4
0
0
1
15
4
0

Level 5
0
0
0
4
8
1

Level 6
0
0
0
0
0
10

In the previous table, the rows correspond to the predicted class (Output Class) and the
columns correspond to the true class (Target Class). The diagonal cells correspond to
observations that are correctly classified. The off-diagonal cells correspond to
incorrectly classified observations.

After completing the artificial neural network model test, we now come to evaluate the
model's performance during the testing process through the ROC diagram

Figure 25 The ROC of the Tested Neural Network

In the previous figure, the ROC chart showed that the model was able to predict well for
the levels (2,3, 4, 5, 6), whereas shown, the value of these levels is close to the upper
left corner, while the accuracy of his prediction was not high for the first level, as its
value approached down of 45 degrees.
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To measure the performance of the artificial neural network model, the ROC diagram
used, and to show the ROC diagram we need to calculate X which represents the value
of false-positive rate, calculate Y which represents the value of true-positive rate, and
finally calculate T which represents the value of the threshold and the next eight figures
illustrate this.

Figure 26 Calculate True positive rate with a threshold

Figure 27 Calculate False positive rate with a threshold
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Figure 28 ANN's Model Performance When the Threshold value equal to 1

Figure 29 ANN's Model Performance When the Threshold value equal to 2
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Figure 30 ANN's Model Performance When the Threshold value equal to 3

Figure 31 ANN's Model Performance When the Threshold value equal to 4
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Figure 32 ANN's Model Performance When the Threshold value equal to 5

Figure 33 ANN's Model Performance When the Threshold value equal to 6

What has been observed from the previous figures is that when the threshold value increased
gradually, the model’s performance increased until it reached its highest value at threshold 6.
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Fuzzy Logic Results
After completing the presentation of the results of the artificial neural network model,
we now move on to the next section on presenting the results of the fuzzy logic model
to see and evaluate the model’s performance in predicting students ’results.

Figure 34 The Desired and Actual Data of the Trained Fuzzy logic

In the figure above, the blue line represents the desired output for training that we want
from the fuzzy system to show, while the black stars represent the real output that the
fuzzy system showed after the training step.
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It is necessary to calculate the errors generated by the fuzzy logic system during the
training process to evaluate its overall performance.

Figure 35 Error Performance of the fuzzy network

The figure above represents the error that occurred in the system during training
process, which can be calculated by (er = T-Y) where T represent desired output of
training and Y represent the actual output of the fuzzy system.
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The figure below shows the error performance of the Fuzzy Network after the rounding step

Figure 36 Rounded Error Performance of the Fuzzy Network
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To evaluate the performance of the fuzzy logic model in predicting the performance of
students, a second tool is used, namely the bar diagram, which shows more information
clearly about each of the samples that were used in the training.

Figure 37 Output Performance of the Training Fuzzy Network in Form of Bar

In the previous figure, the x-axis represents the number of samples used in the training
of the fuzzy logic model, while the y-axis represents the six levels of students. In
addition, the bar shape also shows the resulting error in each of the samples.
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After completing the evaluation of the model during the training step, we now come to
evaluate the model during the test step to see its accuracy and performance.

Figure 38 Output Performance of the Testing Fuzzy Network

The figure above shows the output performance of the testing fuzzy network. The black
stars represent the test result that I want the system to show (desired), while the empty
blue square represents the actual test data generated by the system (real).
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It is very necessary to determine the accuracy of the model in predicting, so we need to
determine the amount of errors the model made during the testing process.

Figure 39 Error Performance of the testing Fuzzy Network

The figure above represents the error that occurred in the system during testing process,
which can be calculated by (etest = ttest -ytest) where ttest represent desired output of
testing process and ytest represent the actual output of the testing fuzzy system.
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The figure below shows another way to represent the output performance of the testing
fuzzy network after it rounded to nearest real number.

Figure 40 Rounded Output Performance of the Testing Fuzzy Network

The figure above shows the output performance of the testing fuzzy network. The black
stars represent the test result that I want the system to show (desired), while the empty
blue square represents the actual test data generated by the system (real).
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It is very necessary to determine the accuracy of the model in predicting, so we need to
determine the percentage of that accuracy and what amount of errors the model made
during the testing process

Figure 41 Rounded Error of the Testing Fuzzy Network with Diagnosis Rate

The figure above represents the error performance of the tested Fuzzy Logic with
diagnose rate reached to 88%, where Y axis represent the error value, and the X axis
represent the number of the testing data.
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In this study a sugeno-type fuzzy logic system was used because it is characterized by
computational efficiency, suitable for mathematical analysis operations, ensures
continuity of the output surface, works well with linear techniques, works well with
optimization and adaptation techniques.

Figure 42 Fuzzy system (input, output, and rules)

The figure above represents the fuzzy system, where the yellow boxes refer to the
system inputs, which are (gender, age, the number of times the student downloaded the
resources, the number of times he/she viewed the scientific videos, the number of times
the student participated in scientific discussions, the student’s score in the first semester,
the student’s grade in the second semester, the student’s score. In the final exam) while
the vertical rectangle indicates the fuzzy inference system, which is Sugeno type, and
consists of 7 if-then rules, While the small cyan rectangle to the right of the figure
indicates the result of the fuzzy system, which is (the level of the student in final exam).
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The next three figures represent the membership functions of the inputs variables of the
prediction model of the fuzzy logic system.

Figure 43 Degree of Membership 1

The figure above represents the membership function for input 1, which is a Gaussian
curve that determines how the process of assigning a value to each point in the first
input variable (gender) which is lies between zero and one.
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Figure 44 Degree of Membership 2

The figure above represents the membership function for input 2, which is a Gaussian
curve that determines how the process of assigning a value to each point in the second
input variable (age) which is lies between zero and one.
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Figure 45 Degree of Membership 3

The figure above represents the membership for input 3 function, which is a Gaussian
curve that determines how the process of assigning a value to each point in the third
input variable (the number of times the student downloaded resources) which is lies
between zero and one.
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To display the inference process of the fuzzy logic system we can use the rule viewer.
In order for this to happen, the input and output values must be determined in addition
to the values of their membership functions and the fuzzy rules.

Figure 46 Fuzzy System Rules

The figure above is the rule viewer for the fuzzy inference system, which is a graphical
interface included in the fuzzy logic toolbox. The rule viewer is used for diagnostics, in
which you can see which rules are currently active, in addition to seeing how the shape
of membership functions affects the results.
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The output surface of the fuzzy logic system can be displayed by setting the inputs and
outputs in addition to membership functions and fuzzy rules. Fuzzy Logic Designer
application provides an interactive graphical interface to create a fuzzy inference system
including displaying the output surface.

Figure 47 Effects of IN1 and IN2 on the Output

The figure above represents a surface viewer, which is a fuzzy logic GUI tool. The
surface viewer draws a three-dimensional curve to show the dependency of the output
on one or more of the inputs. Dropdown menus are included within the surface viewer
interface to allow the user which input and output they want to be drawn. From interface
inside figure above you can display which input has the influence on the output.
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To evaluate the performance of the fuzzy logic model of the expectation, we use one of the
important tools in the statistical analysis process, which is the confusion matrix, which
provides extensive information to the researcher about the model's performance.
Table 48 The Confusion matrix of the Tested Fuzzy Logic
N=60
Actual : No
Actual : Yes

Predicted : No
TN = 44
FN = 1
50

Predicted : Yes
FP = 1
TP = 9
10

50
10

True positives (TP): These are cases in which the model predicted yes and they do.
True negatives (TN): These are cases in which the model predicted no, and they don't.
False positives (FP): These are cases in which the model predicted yes, but they don't actually.
False negatives (FN): These are cases in which the model predicted no, but they do.
What this study care about is the values of the true positive and true negative to determine the
overall accuracy of the model.
Overall accuracy = (TP+TN)/total = (44+9)/60= 0.88

Output

Level 1
2
1
0
0
0
0

Level 2
0
6
0
0
0
0

Level 3
Level 4 Level 5 Level 6
Level 1
0
0
0
0
Level 2
2
0
1
0
Level 3
5
1
0
0
Level 4
0
18
1
0
Level 5
0
1
12
0
Level 6
0
0
0
10
Target
Table 5 The Multilabel Confusion matrix of the Tested Fuzzy Logic
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In the previous table the rows correspond to the predicted class (Output Class) and the
columns correspond to the true class (Target Class). The diagonal cells correspond to
observations that are correctly classified. The off-diagonal cells correspond to
incorrectly classified observations.

And now we come to evaluate the performance of the prediction model of the fuzzy logic
system during the testing process using another tool of statistical analysis tools which is the
ROC diagram.

Figure 49 The ROCs of the Tested Fuzzy Logic

In the previous figure, the ROC chart showed that the model was able to predict well for
all of the levels, whereas shown, the value of these levels is close to the upper left
corner.
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To measure the performance of the artificial neural network model, the ROC diagram
used, and to show the ROC diagram we need to calculate X which represents the value
of false-positive rate, calculate Y which represents the value of true-positive rate, and
finally calculate T which represents the value of the threshold and the next eight figures
illustrate this.

Figure 50 Calculate True positive rate with a threshold

Figure 51 Calculate False positive rate with a threshold
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Figure 52 FL's Model Performance When the Threshold value equal to 1

Figure 53 FL's Model Performance When the Threshold value equal to 2
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Figure 54 FL's Model Performance When the Threshold value equal to 3

Figure 55 FL's Model Performance When the Threshold value equal to 4
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Figure 56 Model Performance When the Threshold value equal to 5

Figure 57 FL's Model Performance When the Threshold value equal to 6

What has been observed from the previous figures is that when the threshold value increased
gradually, the model’s performance increased until it reached its highest value at threshold 6.
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CHAPTER 4
DISCUSSION AND CONCLUSION

4.1 Discussion
The main aim of this study was to overcome the problem of students 'failure in
universities by creating two models in artificial intelligence using artificial neural
networks and fuzzy logic to evaluate students' performance in the final exam.

The artificial neural network model was trained using the (LM) algorithm and as shown
in Fig. (13), while the fuzzy logic model was trained using an inference system of the
Sugeno type, as shown in Fig. (35). The artificial neural network model performed well
during the training process, as shown in Figure (21), as well as the fuzzy logic model
during the training process and as shown in Figure (27).

During the testing process, the artificial neural network model showed good and
acceptable results, where the accuracy rate of the model reached 73%, as shown in
Figure (24), while the fuzzy logic model showed very good results, as its accuracy rate
was recorded at 88%, as shown in Figure (34).

The value of True positive and True negative is important in evaluating the performance
of the two models, as both values obtained for the fuzzy logic model (Table 4) were
higher than the values for the artificial neural network model (Table 2).

The results showed that students who spend more time studying on the Moodle system
have a high rate of passing the final exam.
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In view of the previous results, the fuzzy logic model was able to overcome the neural
network model in terms of performance and high accuracy to solve the problem of
failing in the final exam, which allows the university professor to diagnose students'
cases that need additional care and make an extra effort by students to pass the final
exam.

4.3 Conclusion
The failure of students in Iraqi universities during the recent period has become a great
problem that must be controlled. This study suggested the use of artificial intelligence
techniques represented by both the artificial neural network and fuzzy logic to create
two models to predict students' achievement in the final exam and indicate which of the
two models has the greatest efficiency. This study limits the students' failure process by
anticipating weak students who need to spend more time studying to avoid failing the
final exam. The students' data were taken from the Moodle system and divided
randomly into training and testing data to create a prediction model, where a pattern
artificial neural network was created and its structure consisted of seven entries and one
output. The model showed a small MSE value (0.083284) by using the training
algorithm (Levenberg-Marquardt). As for the testing process, the model showed a good
efficiency and ability in predicting results, as the accuracy rate was 73%. As for the
fuzzy logic model, its structure also consisted of seven inputs and one output. The fuzzy
inference system that used in this study model was the Sugeno type, as it relies on
subtractive grouping, while the Gaussian function was used to measure the degree of
membership, and weighted average were used for the defuzzification process. The fuzzy
logic model showed a greater ability to correctly predict results than the artificial neural
network model, where the accuracy ratio was 88%.
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