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Use of Fuzzy Logic in Determining the Academic Success of
Secondary School Students in Mathematics Class®?

Abstract

The research data consists of the exam notes of the first term 1st and 2nd Mathematics
course of the 2023-2024 academic year in Kitahya. The study consists of the exam
scores of 876 students studying in 4 secondary schools in the center of Kiitahya. To
study a fuzzy logic-based two-input and single-output system was designed using Fuzzy
Logic Toolbox in the Matlab program. In total, nine fuzzy rules were created. Academic
success was evaluated first using the classical method and then using the designed
fuzzy-based model. According to the results obtained, it has been observed that there
is a highly positive relationship between the fuzzy logic method and the classical logic
method. The academic success score obtained by the fuzzy logic method was less than
that obtained by the classical logic method for grades 5 and 7. However, it was obtained
that the fuzzy logic method was more than the classical logic method for grades 6 and
8. In conclusion, it was reached in favor of fuzzy logic because the fuzzy logic method
gives more flexible results

Keywords: Fuzzy logic, mathematics lesson, academic success, Matlab, artificial
intelligence

Ortaokul Ogrencilerinin Matematik Dersindeki Akademik
Basarilarinin Belirlenmesinde Bulanik Mantik Kullanimi
0z

Aragtirma verileri Kitahya ili 2023-2024 Egitim-Ogretim yill matematik dersi 1. Dénem
1. ve 2. sinav notlarindan olugsmaktadir. Calisma, Kutahya ili Merkezinde bulunan 4
ortaokulda 6grenim goéren 876 6grencinin yazil puanindan olugmaktadir. Ortaokul
Ogrencilerinin  matematik dersi akademik basarilarinin belirlenmesi igin Matlab
programinda Fuzzy Logic Toolbox kullanilarak bulanik mantik temelli iki girisli ve tek
cikish bir sistem tasarlanmistir. Toplam 9 tane bulanik kural olusturulmustur. Ortaokul
ogrencilerinin matematik dersi akademik basarisi ilk olarak klasik yéntemle daha sonra
bulanik mantik yéntemiyle degerlendirilmistir. Elde edilen sonuglara gore, bulanik mantik
yontemi ve klasik mantik ydntemi arasinda pozitif yonli yiksek iligki oldugu gorilmustir.
Bulanik mantik ydntemiyle elde edilen basari puanlarinin ortalamasi 5 ve 7. siniflarda
klasik mantik yéntemiyle elde edilen matematik dersi akademik basar puanlarinin
ortalamasindan daha disuk oldugu, 6 ve 8. siniflarda bulanik mantik yonteminin
ortalamasinin klasik mantik ydntemi ortalamasina gére daha yiksek oldugu gérulmustur.
Bulanik mantik ve klasik mantik karsilastirimasi sonucunda bulanik mantik yéntemi daha
esnek sonuglar verdigi i¢in bulanik mantik lehine bir sonuca ulagiimistir.

Anahtar Kelimeler: Bulanik mantik, matematik dersi, akademik basari, Matlab, yapay
zeka.
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1. Introduction

Nowadays, the use of mathematics in daily life is increasing. Even though mathematics is taught
as a subject, it is always in life. It is used in many areas, such as time calculations and price
calculations. Mathematics is included in all of life, not just a short part of it. While mathematics is
crucial for us, many students do not like it. Many students believe that they cannot do it. The first
lesson that students fear most and want to avoid throughout their education life. The reason why
students are afraid of mathematics is the attitude developed by the students. (Tasdemir, 2009, pp.
90). Not only the student's attitude toward mathematics is effective, but also the teacher's attitude
toward mathematics is effective (Karakas Turker and Turanli, 2008, pp. 20). In this study, the fuzzy
toolbox in the Matlab program on the computer, one of the mathematical models, the input
variables are students' 2023-2024 academic year 1°'term mathematics course exam scores of
secondary school students, and the output variable is the mathematical success, then fuzzy logic
modeling method is applied. In this study, fuzzy logic and classical logic methods were compared
to determine the academic success of secondary school students in mathematics.

The research aims to examine the academic success of secondary school students in
mathematics using the fuzzy logic method and to create a model of their academic success. When
the literature was analyzed, studies were found on the use of fuzzy logic in education and the
evaluation of academic success and performance. However, studies have yet to be found using
fuzzy logic to determine the academic success of secondary school students in mathematics.
Instead of using judgments such as successful or unsuccessful in determining the academic
success of students, how successful and how unsuccessful they were analyzed in detail. How do
we determine the academic success of secondary school students in mathematics using the fuzzy
logic method? The question will be answered.

1.1. Fuzzy Logic

Fuzzy logic is a preferred concept in the decision-making process in situations that are unclear
and involve uncertainty (Zadeh, 1965, pp. 338-339). According to fuzzy logic, the membership
degree does not need to be 1 for an object to be a member of a set, and the membership degree
does not need to be 0 not to be a member of the set. It can take different degrees into the set.
Additionally, the same variable in a fuzzy set can also be an element of another set (Bahadir, 2017,
pp. 29). In simple words, in the fuzzy logic approach, a gray image is a different approximation of
a black and white image (Klir and Yuan, 1995, pp. 374). Fuzzy logic is a mathematical term,
although it is used by many researchers in different fields, such as chemical science, the
healthcare industry, and agriculture. Because of using fuzzy logic, many things have become
easier, and this has helped to save time, money, and energy (Makkar, 2018, pp. 357). Everything
is not good or ugly. They can be some good or some ugly. These definitions are more suitable for
daily life (Ozmen, 2019, pp. 111).

1.1.1. Basic Structure Of Fuzzy Logic System

Fuzzy logic explains the basic structure of a system. It consists of a rule base, database, input,
fuzzification, inference mechanism, defuzzification, and output sections. The basic structure of
fuzzy logic is shown in Figure 1.
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Figure 1. Basic Structure of Fuzzy Logic System

1.1.2. Fuzzy Membership Functions

When the literature was examined, it was seen that different membership functions were used
depending on the problem situation. The most well-known membership functions are triangle-
type membership functions, trapezoidal membership functions, and Gaussian membership
functions (Arslan Naml, 2016). Triangle Type Membership Function is given in Figure 2. The
mathematical expression of the triangle membership function is as follows:

xX—a
,a<x<bh
b—a
—Jc—x
pta(x,a,b,c) = b<x<c
c—b
0,others

Figure 2. Triangle Type Membership Function (D6nmez, 2012, pp. 59).

The Trapezoidal Membership Function is given in Figure 3. The mathematical expression of the
trapezoidal membership function is as follows:

X —aq
a4 <x<ap
a; —a;
_ 1,aZSxSa3
Ha = au—X

a3 <x<a
a,—az’ > 4

0,x>a,0rx<a

Figure 3. Trapezoidal Membership Function (Dénmez, 2012, pp. 59).

Gaussian Membership Function is shown in Figure 4. The mathematical expression of the
Gaussian membership function is as follows:
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Figure 4. Gaussian Membership Function (Dénmez, 2012, pp. 60).

In the research, the Gaussian membership function was used in the fuzzy logic system.
2. Method

In this study, the academic success of secondary school students was examined using the
descriptive survey model and the quantitative research method. The survey model aims to
describe the existing situation in the past or present (Karasar, 2023, pp. 109).

The research consists of data from the 15tand 2"* exam scores of the 1%t term mathematics course
of 876 secondary school students studying in Kitahya in the 2023-2024 academic year.
Information about the data collection tool used, recorded data, and the data analysis process are
given below.

2.1. Methodology

The data used in the study were obtained from 876 middle school students' 1st-semester
Mathematics course first and second exam scores during the 2023-2024 academic year in
Kltahya. 2023-2024 academic year first term 1tand 2" mathematics course exam scores were
received from 4 secondary schools in the center of Kiitahya. The collected data are combined in
the Excel program, descriptive statistics are made in the Spss program, and the input value of the
students' 1%t and 2™ exam scores is the output variable of the students' academic success in the
Matlab Fuzzy Logic program. A rule base was created by defining set variables, membership
degrees, and membership functions for input and output values. The scores obtained by both
methods and the results were compared using t-test and Pearson Correlation. The arithmetic
average of the 1stand 2" exam scores of 876 students was calculated according to classical logic.
It was calculated using fuzzy logic using Matlab Fuzzy Logic Toolbox. Firstly, the 1°texam grades
and the 2" exam grades were entered as input values. Students' academic success is the output
variable. A rule base was created for variables, membership degrees, and membership functions
for input and output values. Finally, a total of 9 rule bases have been created. The rule table is
given in Table 1. Linguistic variables and input variables of the exam scores are given in Table 2
and Table 3. The output variables of linguistic variables are given in Table 4.

Fuzzy Logic Academic

Modelling Success

Figure 5. Fuzzy Logic Modelling
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The following rule base has been created for the student's academic success according to the
membership levels and the scores they received from the first exam and second exams of the
first semester of the mathematics course. The rule base is shown in Table 1. For the rule base
used in the system, 3 rules were entered for both the 1% and 2" exam scores, and a total of 9
rules were created. The rules are given in Table 1.

Table 1. Rule Table

Exam 1/ Bad Intermediate Good
Exam 2
Bad VVB B IG
Intermediate VB I VG
Good IB G VWG

—

. If (Exam1 = Bad) and (Sinav2 = Bad) then (academic success = VVB)

2. If (Exam1 = Bad) and (Sinav2 = Intermediate) then (academic success = B)

3. If (Exam1 = Bad) and (Exam2 = Good) then (academic success = |IG)

4. If (Exam1 = Intermediate) and (Exam2 = Bad) then (academic success = VB)

5. If (Exam1 = Intermediate) and (Exam2 = Intermediate) then (academic success = 1)

6. If (Exam1 = Intermediate) and (Exam2 = Good) then (academic success = VG)

7. If (Exam1 = Good) and (Exam2 = Bad) then (academic success = IB)

8. If (Exam1 = Good) and (Exam2 = Intermediate) then (academic success = G)

9. If (Exam1 = Good) and (Exam2 = Good) then (academic success = VVG)

Details:

Description

1 "Examh==3ad & ExamZ2==Bad => Academic Success=VVB (1)"
2 "Examl==Intermediate & Exam2==Bad => Academic Success=VB (1)"
3 "Examl==Bad & ExamZ==Intermediate => Academic Success=B (1)"
4 "Examl==Good & Exam2==Bad => Academic Success=IB (1)"
5 "Examl==Intermediate & ExamZ2==Intermediate => Academic Success=I (1)"
6 "Examl==Bad & Exam2==Good => Academic Success=IG (1)"
7 "Examl==Good & ExamZ==Intermediate => Academic Success=G (1)"
8 "Examl==Intermediate & Exam2==Good => Academic Success=VG (1)"
9 "Examl==Good & Exam2==Good => Academic Success=VVG (1)"

Figure 6. Rules of Input and Output Values in Matlab Program
Table 2. Fuzzy Input Variable Set (1%exam)

Linguistic Variables Variables

Bad (17,5 0)
Intermediate (17,5 50)
Good (17,5 100)
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Figure 7. Membership Functions Defined for Exam 1 Score

Table 3. Fuzzy Input Variable Set (2" exam)

Linguistic Variables Variables

Bad (17,50)
Intermediate (17,5 50)
Good (17,5 100)
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Degree of membership

Intermediate

Good

Exam2

Figure 8. Membership Functions Defined for Exam 2 Score

Table 4. Fuzzy Output Variable Set

Linguistic Variable Variables
Very Very Bad (VVB) (4,20)

Very Bad (VB) (4,2 12,5)
Bad (B) (4,2 25)

Intermediate Bad (IB) (4,2 37,5)
Intermediate (1) (4,2 50)

Intermediate Good(IG) (4,2 62,5)
Good (G) (4,275)

Very Good (VG) (4,2 87,5)

Very Very Good (VVG) (4,2 100)
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3. Conclusion

Degree of membership
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Figure 9. Membership Functions Defined for Academic Success

Exam1 (3)

Type 1

Academic Success (9)

fuzzysuccess (9 )

System fuzzysuccess: 2 inputs, 1 outputs, 9 rules

Figure 10. Mamdani Type Fuzzy Logic Mechanism with Two Inputs and One Output
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Figure 11. Surface Viewer
In the model obtained, output values were found in the fuzzy logic system for each input variable.

Table 5. Comparison of Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 5)

Method N X Std. Error Max Min
Mean
Classical 218 68,22 1,72 99 1
Logic
Fuzzy Logic 218 66,36 1,54 92,30 8,17

Table 6. Comparison of Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 6)

Method N X Std. Error Max Min
Mean
Classical 230 54,72 1,51 100 8,50
Logic
Fuzzy Logic 230 55,76 1,39 92,44 13,41

Table 7. Comparison of Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 7)

Method N X Std. Error Max Min
Mean
Classical 187 59,59 1,96 100 3
Logic
Fuzzy Logic 187 56,98 1,83 92,44 9,13

Table 8. Comparison of Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 8)

Method N X Std. Error Max Min
Mean
Classical 241 56,85 1,95 100 1,50
Logic
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Fuzzy Logic 241 56,90 1,75 92,44 8,24

Descriptive statistical calculations were made for the results obtained using classical logic and
fuzzy logic methods. According to Table 5, the average of the scores obtained using the classical
method (X = 68,22) was higher than those obtained using the fuzzy method (Xx= 66,36). It was
observed that the highest score according to the fuzzy logic method was 92,30, and the highest
score according to the classical logic method was 99. The lowest score for the fuzzy logic method
was 8,17, and the lowest for the classical logic method was 1.

According to Table 6, the average of the scores obtained using the fuzzy method (x= 55,76) was
higher than those obtained using the classical method (Xx=54,72). It was observed that the highest
score according to the fuzzy logic method was 92, 44, and the highest score according to the
classical logic method was 100. The lowest score for the fuzzy logic method was 13,41, and the
lowest for the classical logic method was 8,50.

According to Table 7, the average of the scores obtained using the classical method (X= 59,59)
was higher than those obtained using the fuzzy method (Xx=56,98). It was observed that the highest
score according to the fuzzy logic method was 92, 44, and the highest score according to the
classical logic method was 100. The lowest score for the fuzzy logic method was 9,13, and the
lowest for the classical logic method was 3.

According to Table 8, the average of the scores obtained using the fuzzy method (x= 56,90) was
higher than those obtained using the classical method (X=56,85). It was observed that the highest
score according to the fuzzy logic method was 92,44, and the highest score according to the
classical logic method was 100. The lowest score for the fuzzy logic method was 8,24, and the
lowest for the classical logic method was 1,50.

In addition, t- test was calculated. T- test results are given below in Table 9, Table 10, Table 11,
and Table 12.

Table 9. T-Test for Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 5)

Method N T Df P
Classical-Fuzzy 218 7,46 217 ,00
Logic

According to Table 9, the t-test result shows that there is a significant difference between these
variables, as the p-value is less than 0,05. (1(217)=7,46; p<,05).

Table 10. T-Test for Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 6)

Method N T Df P
Classical-Fuzzy 230 -3,84 229 ,00
Logic

According to Table 10, the t-test result shows that there is a significant difference between these
variables, as the p-value is less than 0,05. (1(229)=3,84; p<,05).

Table 11. T-Test for Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 7)
Method N T Df P

Classical-Fuzzy 187 9,49 186 ,00
Logic
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According to Table 11, the t-test result shows that there is a significant difference between these
variables, as the p-value is less than 0,05. (1(186)=9,49; p<,05).

Table 12. T-Test for Scores Obtained According to Classical and Fuzzy Logic Methods (Grade 8)

Method N T Df P
Classical-Fuzzy 241 -,16 240 ,86
Logic

According to Table 12, the t-test result shows that there is not a significant difference between
these variables, as the p-value is more than 0,05. (t(240)=,16; p>,05).

According to both methods, students have improved in maths courses. Generally, their score has
increased; therefore, there isn’t a significant difference between both methods. Because students
have prepared exams for high school, they have studied regularly.

Pearson Correlation Analysis Fuzzy- Classical Logic test results are given below:

Table 13. Pearson Correlation Analysis Fuzzy- Classical Logic

Grade N R P

5 218 ,99 ,00
6 230 ,98 ,00
7 187 ,99 ,00
8 241 ,99 ,00

Pearson correlation determines the direction and magnitude of the relationship between normally
distributed data (Arslan, 2019, pp. 54). The Pearson product-moment correlation coefficient was
used to calculate normally distributed continuous variables. According to Table 13, there was a
strong positive and significant relationship between the students' success using the fuzzy logic
and classical logic methods for every grade. Grades 5, 7, and 8 are [r = 99; p<,01]. According to
grade 6 is [r =,98; p<,01].

Table 14. Average of Students' Scores According to Fuzzy Logic and Classical Logic Methods

Grade Level Students Exam 1 Exam 2 Classical Fuzzy Logic
Logic
7 S1 100 95 97,5 91,27
7 S2 95 100 97,5 92,02
7 S3 100 100 100 92,44
6 S4 100 89 94,5 88,90
6 S5 89 100 94,5 90,97
6 S6 29 64 46,5 50,21
6 S7 28 72 50 55,58
5 S8 42 55 48,50 50,38
8 S9 28 66 47 51,21
8 S10 60 43 51,5 49,25

According to Table 14, while the average of the two exams of S1 and S2 students according to
the classical logic method was 97,5 their scores according to the fuzzy logic method were not
equal and were calculated as 91,27 for S1 and 92,02 for S2. The reason for this difference is that
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student S1 has a decreased score on the 2™ exam. Although S2's score was lower than S1’s in
the first exam, S2’s score increased in the second exam. According to classical logic, the success
of both students is the same, but S2 increases S2’s score constantly; S2 isn’t in the same success
situation as S1. According to the fuzzy logic method, it was seen that student S2 received a higher
score than student S1 because S2 showed improvement in the course. Student S3's both exam
scores are 100, and according to classical logic, the average is 100. Even if the student's exam
average is 100, the student does not know everything about the subject. According to the fuzzy
logic method, the student's score is 92,44. Instead of thinking that the student knows everything
about the subjects in the exam, S3 can be thought that the student knows the subjects very well,
but S3 does not have all the information about the subject. Although the averages of students S4
and S5 are equal according to the classical logic method, there is a difference according to the
fuzzy logic method. The reason is that while S4 was getting a high score in the first exam and
decreased S4’s score in the second exam, the S5 student showed a regular improvement and
increased the student’s scores, so it can be thought that the student has a higher average than
the fuzzy logic method. S6 is not successful in the course according to classical logic but is
successful according to fuzzy logic. The improvement S6 was supported by using fuzzy logic. The
S7 exam score has increased. By supporting the development of the student, the average of fuzzy
logic is higher than classical logic. S8 and S9 failed the course according to classical logic, but
they have increased scores, so they were improved by fuzzy logic. The fuzzy logic average is
higher than the classical logic method. S10 has a decreased score, so the student’s classical logic
score is higher than the fuzzy logic score. Students' motivation might be increased by using fuzzy
logic. The research was conducted according to different grade levels by selecting students from
different grade levels.
Table 15. Cronbach Alpha

Score Cronbach Alpha
Classical Fuzzy Logic ,99

Cronbach Alpha was used to measure validity and reliability. Cronbach Alpha is ,99 in this
research.

Students' Scores According to Fuzzy Logic Method is given in figure 12.



Ictimaiyat, Ttirk Egitim Sisteminde Degisimler ve Yeni Egilimler Ozel Sayisi, 2024

System: fuzzysuccess n: fuzzysuccess

IS ) IS | E—— | = |
— 1 C | = X | === | | = 7% |
A W O | S L = = [ |
| | ——Ea— @ | P
O~ =~ I~ [~ Sd=—a ]
| i | | = Filll i | Lole ]
N - s
L~ | = | AV e I e ) — N
— (| y -] [ = 7
— ]

~ 1 . =) | | | D N |
L0 I =/ L s ™ | = A |

| | L = A | O | L&A |

| T~ =1 VAN a K | = A
Lo S la A ] L7 | [ = A ]
X L T A S I '7 | JL |
e J=[___A] al RN - e
AN AN L] A=l N
— | =3 ] A=C"73

Figure 12.7 Defuzzificaﬁbn Result of Some Student Scores
4. Disscussion

According to classical logic, An element is or is not an element. It is clear and certain. For example,
if a student's mathematics course grade is below 50, the student is unsuccessful, and if a student’s
score is above 50, the student is successful. If the student's score is 49, the student is
unsuccessful, and if the student’s score is 50, he is successful. There is only one point difference
between them. Therefore, classical logic is inflexible. The classical logic method makes a limited
classification. The use of fuzzy logic may be preferred to recover classical logic from limited
classification (Ertugrul, 2006, pp. 174).

In the study, the correlation value giving the relationship between the data obtained by fuzzy logic

and the classical method was found to be ,99 for grades 5, 7 and 8. The correlation value giving

the relationship between the data obtained by fuzzy logic and the classical method was found to

be ,98 for grade 6. It has been observed that there is a highly positive relationship between the

fuzzy logic method and the classical logic method. The academic success of primary school

students in science courses were compared with the fuzzy logic method and the classical logic
123
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method. Evaluation with the fuzzy logic method is more accurate and flexible, so the conclusion
was reached favor of using fuzzy logic (Demiral, 2022, pp. 64). Teacher performances were
compared with fuzzy logic and classical logic methods. It was concluded that there was a
significant difference between the scores obtained as a result of the research. Therefore, a
conclusion was reached in favor of classical logic (Arslan, 2019, pp. 59). The effect of high school
students on mathematics success by taking active participation and absence were compared with
fuzzy logic and classical logic methods. Both methods were found to be similar 80%. (Uyhan and
Gok, 2022, pp. 869). As a result of the evaluations, it is seen that there are differences between
the scores calculated by the two methods. The method of classical logic is strictly based on rules.
According to the classical logic method, the student is successful or unsuccessful in the course.
The fuzzy logic method provides results by providing flexibility in the evaluation process. The
success of the student is examined in detail as a very very bad, very bad, bad, intermediate bad,
intermediate, intermediate good, good very good, very very good. According to the results of the
study, a conclusion was reached in favor of the fuzzy logic method, which evaluates the academic
success of secondary school students in mathematics, providing more flexible and reliable results.
According to the fuzzy logic method, in cases where the 1%texam score is low and the 2" exam
score is higher, the positive progress in the student's success compared to the classical logic
method does not show any effect in the calculation, while fuzzy logic supports the student's
development and it has been observed that the student's academic success score is higher. It is
thought that the increase in scores due to the calculations made using the fuzzy logic method has
a significant effect on the calculation and increases the students' motivation toward the course.
The fuzzy logic average is higher than the classical logic average in evaluating the success of
preservice teachers (Ocal, 2015, pp. 51 ). Fuzzy marks are higher than the non-fuzzy marks (Daud
et al., 2011). In addition, although the average of the student whose exam score was 100 in both
exams was calculated as 100 according to the classical logic method, it was calculated as 92,4
according to the fuzzy logic method. This is the case because a student with an average of 100
knows everything about the subject and course, but it can be wrong because the student does
not know everything. The students' average is 1 according to classical logic and 8,17 according
to fuzzy logic. They are unsuccessful but may help the student develop a positive attitude toward
the course with fuzzy logic. It was concluded that while some of the students were unsuccessful
in the course according to classical logic, they were successful in the course according to fuzzy
logic. Performance determined by fuzzy system is more realistic than the classical system (Alam
and Pandey, 2017, pp. 7). It has been observed that the use of the fuzzy logic method can be
applied successfully and easily in evaluating the academic success of secondary school students
in mathematics.
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