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Abstract. In order to determine student success, considering other factors
that affect success along with exam success is a very important step in terms of

education. In this study, the decision-making method that evaluates student

achievements with guidance counselors was used. Student achievements were
estimated by using a combination of intuitionistic fuzzy sets and decision-

making methods.

1. INTRODUCTION

The fuzzy logic was defined by Zadeh in 1965 [1]. In this process, while researches
and applications on fuzzy logic continue, the intuitionistic fuzzy set theory, which
is the generalization of fuzzy logic in which sensitivity is also activated in cases
of uncertainty, was put forward by Atanassov in 1983 [3]. Multi-criteria decision
making is interested in structuring and solving decision and planning problems
involving multiple criteria. The goal is to support decision makers who face such
problems. Typically, there is no unique optimal solution for such problems, and it is
necessary to use the decision maker’s preferences to distinguish between solutions.
PROMETHEE was firstly developed by Brans in 1982 and continued to be devel-
oped thereafter [4, 5, 6]. The PROMETHEE method is in the outranking method
class, one of the multi-criteria decision-making methods. Many researchers have
developed applications using PROMETHEE methods and intuitionistic fuzzy sets
[7, 8, 9, 10, 16, 17, 39, 26, 25]. The PROMETHEE method provides very effective
benefits by combining intuitionistic fuzzy sets and decision-making methods. This
system, which allows decision makers to make both objective and most accurate
decisions, was used for educational application in our article. Student success and
guidance can be made more accurately, thanks to a system that examines both
students’ course success and psychological characteristics and puts them all into
action at the same time. In addition, thanks to this system, teachers who guide
students can make more accurate determinations and be more successful in guiding.
There are many studies in which decision-making methods are used together with
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intuitionistic fuzzy sets, and the authors have achieved effective results in their
studies [12, 14, 15, 21, 22, 23, 24, 27, 28, 29, 30, 31, 32, 33, 37].

2. PRELIMINARIES

Definition 1. ([3, 2])Let X 6= ∅ . An intuitionistic fuzzy set A in X;

A = {〈x, µA(x), νA(x)〉| x ∈ X} ,

µA(x), νA(x), πA(x) : X → [0, 1]

defined membership, nonmembership and hesitation degree of the element x ∈ X
respectively.

µA(x) + νA(x) + πA(x) = 1.

Intuitionistic fuzzy value (IFV) defined by Xu ([36]). Intuitionistic fuzzy value
(IFV) is shown as follows: ã = (µã, νã, πã), where µã, νã, πã ∈ [0, 1]

For each IFS Ã;

πÃ = 1− µÃ − νÃ (2.1)

For IFVs ã = (µã, νã) and b̃ = (µb̃, νb̃) the following operations have been carried
out([36, 35]):

(1) ã⊕ b̃ = (µã + µb̃ − µãµb̃, νãνb̃) (2.2)

(2) ã⊗ b̃ = (µãµb̃, νã + νb̃ − νãνb̃) (2.3)

(3) ⊕mj=1ãj = (1−
m∏
j=1

(1− µj),
m∏
j=1

νj) (2.4)

(4) ⊗mj=1ãj = (

m∏
j=1

µj ,

m∏
j=1

(1− νj)) (2.5)

This function is used to rank IFVs:

ρ(α) = 0.5(1 + πα)(1− µα)) (2.6)

As the ρ(α) value decreases, the preferred value α increases.

3. The Intuitionistic Fuzzy PROMETHEE Method

The criteria’s weights could be depicted as IFVs: w̃j where µw̃j
∈ [0, 1], νw̃j

∈
[0, 1], µw̃j + νw̃j ≤ 1, j = 1, 2, ...,m. According to the weights, µω̃j and νω̃j demon-
strate the membership and non-membership degrees of the alternative xi respec-
tively. Some methods can help decision makers in determining intuitionistic fuzzy
weights ([18, 19, 34, 38, 11, 13]). In this study, linguistic terms were used to make
the evaluation more accurate. Also, V shape criterion type has been used:

P (d) =


0, d ≤ q
d−q
p−q , q < d ≤ p
1, d > p

(3.1)

Parameter thresholds q and p are indicated as indifference and strict preference,
respectively. Evaluate the alternatives xi(i = 1, 2, ..., n) with respect to the criteria
cj(j = 1, 2, ...,m) and determine the deviations based on pairwise comparisons:

dj(x, y) = cj(x)− cj(y) (3.2)
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where dj(x, y) shows the distinction between the alternatives’ the assessments x
and y on the criterion cj .

Definition 2. ([37]) An intuitionistic fuzzy preference relation R on the set
X = x1, x2, ..., xn is represented by a matrix R = (rik)n×n, where rik =
〈(xi, xk), µ(xi, xk), ν(xi, xk)〉 for all i, k = 1, 2, ..., n. For convenience, we let rik =
(µik, νik) where µik denotes the degree to which the object xi is preferred to the ob-
ject xk, νik indicates the degree to which the object xi is not preferred to the object
xk, and π(xi, xk) = 1 − µ(xi, xk) − ν(xi, xk) is interpreted as an indeterminacy
degree or a hesitancy degree, with the condition:

µik, νik ∈ [0, 1], µik + νik ≤ 1, µik = νki, µki = νik,

µii = νii = 0.5, πik = 1− µik − νik,

for all i, k = 1, 2, ..., n (3.3)

The preferences µik between the alternatives xi and xk according to the criterion
cj could be calculated by Equations (3.2) and (3.1), and then the preference matrix
according to the criterion cj is obtained as follows ([20]):

U (j) = (µ
(j)
ik )n×n =


− µ

(j)
12 . . . µ

(j)
1n

µ
(j)
21 − . . . µ

(j)
2n

...
... −

...

µ
(j)
n1 µ

(j)
n2 . . . −

 (3.4)

Matrix of the intuitionistic fuzzy preference relation is obtained:

R(j) = (r
(j)
ik )n×n =


− (µ

(j)
12 , ν

(j)
12 ) . . . (µ

(j)
1n , ν

(j)
1n )

(µ
(j)
21 , ν

(j)
21 ) − . . . (µ

(j)
2n , ν

(j)
2n )

...
... −

...

(µ
(j)
n1 , ν

(j)
n1 ) (µ

(j)
n2 , ν

(j)
n2 ) . . . −

 (3.5)

The IFWA operator is used in this paper. The all intuitionistic fuzzy preference
index of the alternative xi to xk on all criteria can be derived as:

r(xi, xk) = rik =

m⊕
j=1

(
w̃j
⊗

r
(j)
ik

)
(3.6)

where r(xi, xk) = rik shows the degree to which the alternative xi is preferred to
the alternative xk all criteria. Also, rik is an IFV. w̃j = (µw̃j , νw̃j), then according
to Equation (2.2), (2.3):

w̃j
⊗

r
(j)
ik =

(
µ

(j)
ik µw̃j , ν

(j)
ik + νw̃j − ν(j)

ik νw̃j

)
(3.7)
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If Equations (2.4),(3.6) and (3.7) are combined;

r(xi, xk) =

m⊕
j=1

(
w̃j
⊗

r
(j)
ik

)
=

(
1−

m∏
j=1

(1− µ(j)
ik µw̃j),

m∏
j=1

(ν
(j)
ik + νw̃j − ν(j)

ik νw̃j)

)
(3.8)

Overall intuitionistic fuzzy preference relationship is obtained:

R = (rik)n×n =


− (µ12, ν12) . . . (µ1n, ν1n)

(µ21, ν21) − . . . (µ2n, ν2n)
...

... −
...

(µn1, νn1) (µn2, νn2) . . . −

 (3.9)

Every alternative is compared to option (n− 1). As a result of intuitionistic fuzzy
positive and negative outranking flow are achieved:
(1) The intuitionistic fuzzy positive outranking flow:

ϕ̃+(xi) =
1

n− 1

n⊕
k=1,k 6=i

r(xi, xk) =
1

n− 1

n⊕
k=1,k 6=i

rik (3.10)

(2) The intuitionistic fuzzy negative outranking flow:

ϕ̃−(xi) =
1

n− 1

n⊕
k=1,k 6=i

r(xk, xi) =
1

n− 1

n⊕
k=1,k 6=i

rki (3.11)

4. Application in Education

In this study, it is aimed to present a unique system that combines intuitionistic
fuzzy sets and decision-making methods in the field of education. Both the exam
success and psychological characteristics of the students were taken into considera-
tion and evaluated. Along with the exam results, their psychological characteristics
were evaluated by guidance teachers. For total 9 criteria; in addition to the success
of the students in Turkish, Mathematics, Science and Social courses, their charac-
teristics such as academic motivation, text anxiety, family relationship, sociability
and technology approach were rated by their guidance counselors. The values in
Table 1 were determined according to the exam success of the students and the eval-
uation results of the guidance teachers. Guidance teachers evaluated the students
with questions they prepared themselves in order to measure the social, psycholog-
ical and cultural aspects of the students. The values in the table were obtained
accordingly.

The alternatives and criteria that form the basis of our algorithm are
as follows: A = {A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15}
being set of alternatives, each alternative represents a student. K =
{K1,K2,K3,K4,K5,K6,K7,K8,K9} being set of criteria. The criteria are rep-
resented as follows: Turkish, Mathematics, Science, Social courses, Academic mo-
tivation, Text anxiety, Family relationship, Sociability, Technology approach.

The value of each criterion for each alternative is calculated as follows in Table 1:
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K1 K2 K3 K4 K5 K6 K7 K8 K9
A1 24 11 25 12 10 6 5 7 7
A2 25 12 11 1 11 11 5 8 5
A3 21 6, 5 19 2 6 5 5, 5 10 6
A4 18, 5 13 12 10 2 6 7, 5 6 6
A5 20 7 15 2 5 9, 33 8, 5 5 8
A6 18 0 9 9 2 7, 66 7 4 7
A7 25, 5 1 8 5 4 7 5 6 8
A8 19 4 15 11 7 8 5 7 4
A9 17, 5 10 2 10 10 9, 33 9 8 9
A10 22 6 1 6 5 7 8 9 7
A11 16, 5 8, 5 3 3 11 8, 33 8 10 9
A12 9 5 1 2 12 8, 33 7 9 9
A13 8 6 2 4 5 7 6 9 8
A14 8 1 5 5 7 5 5 8 5
A15 28 1 19 3 11 4 4 8 4

Table 1. Values of Alternatives by Criteria

In this study, criterion weights were calculated in linguistic terms. The weights
of the criteria are as follows: Criterion 1 and Criterion 2 are very important,
Criterion 3, Criterion 4, Criterion 5 are important, Criterion 6 and Criterion 7 are
medium, Criterion 8 and Criterion 9 are important.
Net outranking flow values are specified as follows:

ρ(ϕ̃(x1)) = -0,00060639
ρ(ϕ̃(x2)) = -0,00002504
ρ(ϕ̃(x3)) = 0,00000049
ρ(ϕ̃(x4)) = 0,00000016
ρ(ϕ̃(x5)) = 0,00000140
ρ(ϕ̃(x6)) = 0,00013783
ρ(ϕ̃(x7)) = 0,00008569
ρ(ϕ̃(x8)) = 0,00000230
ρ(ϕ̃(x9)) = -0,00045314
ρ(ϕ̃(x10)) = 0,00000696
ρ(ϕ̃(x11)) = -0,00009627
ρ(ϕ̃(x12)) = -0,00000030
ρ(ϕ̃(x13)) = 0,00010351
ρ(ϕ̃(x14)) = 0,00155834
ρ(ϕ̃(x15)) = 0,00000004

Table 2. Intuitionistic Fuzzy Net Outranking Flow Values

When the students evaluated with the system created in our study are ranked
according to their net flow values, the most successful student is A1 and the least
successful student is A14. Students’ achievements can be based on intuitionistic
fuzzy net flow values. The lower the net flow value, the higher the student achieve-
ment.

5. Conclusion

In this study, an application of the intuitionistic fuzzy PROMETHEE method
was developed to evaluate student achievements in education. A system has been
created to evaluate student success in line with the students’ course success and
the opinions of their guidance counselors.
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[15] G. Çuvalcıoğlu, V. Bureva, A. Michaĺıková, Intercriteria Analysis Applied To University

Ranking System Of Turkey, Notes on Intuitionistic Fuzzy Sets, Vol.25, No.4, pp.90-97, (2019).
[16] N. Halouani, H. Chabchoub, JM. Martel, PROMETHEEMD- 2T method for project selec-

tion, European Journal of Operational Research, Vol.195, pp.841-849, (2009).

[17] R. Krishankumar, KS. Ravichandran, A.B., Saeid, A New Extension to PROMETHEE Under
Intuitionistic Fuzzy Environment For Solving Supplier Selection Problem With Linguistic

Preferences, Vol.60, pp.564-576, (2017).

[18] H.C. Liao, Z.S. Xu, Priorities of Intuitionistic Fuzzy Preference Relation Based on Multiplica-
tive Consistency, IEEE Transactions on Fuzzy Systems, Vol.22, No.6, pp.1669-1681, (2014).

[19] H.C. Liao, Z.S. Xu, Some Algorithms For Group Decision Making With Intuitionistic Fuzzy
Preference Information, International Journal of Uncertainty Fuzziness and Knowledge-Based

Systems, Vol.22, No.4, pp.505-529, (2014).

[20] H.C. Liao, Z.S. Xu, Multi-Criteria Decision Making with Intuitionistic Fuzzy PROMETHEE,
Journal of Intelligent Fuzzy Systems, Vol.27, pp.1703-1717, (2014).

[21] M. Majumder, Multi Criteria Decision Making, Chapter 2, Springer, pp.35-47, (2015).

[22] E. Szmidt, J. Kacprzyk, Amount Of Information And Its Reliability In The Ranking Of
Atanassov’S Intuitionistic Fuzzy Alternatives, in: E. Rakus-Andersson, R.R. Yager, N.

Ichalkaranje, L. Jain, ed. Recent advances in decision making (Studies in Computational

Intelligence), Berlin, Germany: Springer, pp.7-19, (2009).
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