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ABSTRACT. Thanks to intuitionistic fuzzy sets, it has provided many benefits
in application areas where the degree of precision is also taken into account.
Education, one of these application areas, is an area where decision-making
mechanisms play a very important role. Predicting student success and guiding
the student in the future by taking into account every situation is an important
step for decision makers and educators.

1. INTRODUCTION

Researchers who think that binary logic is insufficient in combating uncertainty
have tried to find new ways over time. As a result of these efforts, the concept
of fuzzy logic emerged [1]. Over time, fuzzy logic has become the basis of much
research, and intuitionistic fuzzy logic, an expansion of fuzzy logic that is still
up to date, has also introduced the degree of sensitivity [3]. With the degree
of sensitivity also in play, the results of many studies have become much more
objective. Decision makers made clearer decisions thanks to intuitionistic fuzzy sets,
where they could also indicate uncertainty in their decisions. Efficient results have
emerged thanks to the combination of decision-making methods with intuitionistic
fuzzy sets. Thanks to the PROMETHEE method used in this study, positive and
negative results will be evaluated simultaneously and a clear result will be obtained
[4, 5, 6, 7, 8,9, 10, 16, 17, 39, 26, 25]. Nowadays, intuitionistic fuzzy sets and
decision-making methods attract the attention of many researchers [12, 14, 15, 21,
22, 23, 24, 27, 28, 29, 30, 31, 32, 33, 37].

2. PRELIMINARIES
Definition 1. ([3, 2])Let X # () . An intuitionistic fuzzy set A in X;
A= {(z, pa(z),va(z))| v e X},
pa(x),va(z),malz) : X —[0,1]
Date: Received: 2023-12-20; Accepted: 2024-01-29.

Key words and phrases. Intuitionistic Fuzzy sets, Decision Making.
Mathematics Subject Classification: 03E72.

56



PREDICTION OF STUDENT SUCCESS WITH DECISION-MAKING METHODS 57

defined membership, nonmembership and hesitation degree of the element x € X

respectively.
pa(x) +va(z) +malx) =1.

Intuitionistic fuzzy value (IFV) defined by Xu ([36]). Intuitionistic fuzzy value
(IFV) is shown as follows: a@ = (pg, Va, 7a), where ug, vz, 75 € [0, 1]
For each IFS A:;

Ti=1l-pz—vj (2.1)

For IFVs @ = (ua,va) and b = (uz, ;) the following operations have been carried

out([36, 35]):

(1) a®b=(pa+py— taky vavs)

(2) a®b= (uapy va + vy — vav;)

3) epa; = (-] —wm). [Tv) (2.4)
j=1 j=1

@ @ra;= ([[w [T -w) (2.5)
=1 j=1

This function is used to rank IFVs:
p(a) = 0.5(1 + m) (1 — pa)) (2.6)

As the p(a) value decreases, the preferred value « increases.

3. THE INTUITIONISTIC FUuZZY PROMETHEE METHOD

The criteria’s weights could be depicted as IFVs: w; where g, € [0,1],v4, €
0,1], pp; +va; < 1,5 =1,2,...,m. According to the weights, u1,;; and v,;; demon-
strate the membership and non-membership degrees of the alternative x; 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:

0, d<gq
P(d)={91 g<d<p (3.1)
1, d>p

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

dj(z,y) = ¢j(x) = ¢;(y) (3-2)
where d;(x,y) shows the distinction between the alternatives’ the assessments x
and y on the criterion c;.

Definition 2. ([37]) An intuitionistic fuzzy preference relation R on the set
X = x1,%9,...,2, is represented by a matric B = (rig)nxn, where ry =
(x4, zr), @iy ), v(xg, xr)) for all i,k = 1,2,...,n. For convenience, we let vy, =
(i, Vi) where py, denotes the degree to which the object x; is preferred to the ob-
ject xp, Vi indicates the degree to which the object x; is not preferred to the object
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xg, and w(x;,xp) = 1 — p(ag, xg) — v(x, xg) is interpreted as an indeterminacy
degree or a hesitancy degree, with the condition:
Wik, Vie € [0,1], pir + vie < 1, fik = Vii, Hki = Vik,
Mig = Vi = 0.5, mye =1 — pig — vig,
foralli,k=1,2,...,n (3.3)

The preferences p;; between the alternatives z; and zj, according to the criterion
¢; could be calculated by Equations (3.2) and (3.1), and then the preference matrix
according to the criterion ¢; is obtained as follows ([20]):

g
j - PR J
U0 = (Y = | o (3.4
R
Matrix of the intuitionistic fuzzy preference relation is obtained:
- ) )
() ) () )
. . N7 — . s Vo
RO — (T%))nm _ (/1'21. 51) . (13 . 5n ) (3.5)

(1), v %) (u;@, vy ~

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

(i, vk) =ik = @ (wj ®T(J)) (3.6)
Jj=1
where r(x;, xx) = r;; shows the degree to which the alternative z; is preferred to

the alternative zy, all criteria. Also, 7 is an IFV. @; = (g, va;), then according
to Equation (2.2), (2.3):

w; ®er = (Mzk MgV z(k) + Vaj — Vi(lg)yﬁ)j) (3.7)
If Equations (2.4),(3.6) and (3.7) are combined;

r(zi,xp) = @(wj®r(J))
= ( ﬁ[l_ﬂgi)ﬂwj

H(Vi(i) +vg; — ’/i(ﬁ)”wj)) (3.8)

Overall intuitionistic fuzzy preference relationship is obtained:

- (M127V12) (Mlml/ln)

R L i) EY)

(Mnhl/nl) (,un27l/n2) -



PREDICTION OF STUDENT SUCCESS WITH DECISION-MAKING METHODS 59

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:

~ 1 n

ot (z) = —7 @ r(xg, oK) = @ Tik (3.10)

k=1,ksi LR ki
(2) The intuitionistic fuzzy negative outranking flow:
n

¢_($i)=ﬁ P rlar ) = @ Thi (3.11)

k=1,k#i k 1,k#1
4. STUDENT SUCCESS PREDICTION

A total of 15 students were evaluated based on 9 criteria to estimate student
success. The first four of these criteria are Turkish, Mathematics, Science and
Social courses, and the others are Anxiety, Attitude Toward Turkish, Attitude
Toward Mathematics, Attitude Toward Science, Attitude Toward Social Studies,
respectively. Student evaluations were graded with guidance counselors and Table
1 was created. Students were evaluated according to the scales determined by
the guidance counselor. The values in Table 1 were determined according to the
evaluation results.

The alternatives and criteria that form the basis of our algorithm are
as follows: A = {A17 AQ, A3, A4, A5, A67 1477 Ag, Ag, Alo, A117 Alg, A13, A14, A15}
being set of alternatives, each alternative represents a student. K =
{Kl, KQ, Kg, K4, K5, K@, I{77 Kg, Kg} bemg set of criteria.

The value of each criterion for each alternative is calculated as follows in Table

1:
K1 K2 K3 K4 K5 K6 K7 K8 K9
Al 10 11 9 9 11 5 4 5 7
A2 15 13 6 6 9 8 8 9 8
A3 |11 |6 |9 |8 |5 |4 [7 |7 |7
A4 16 11 11 12 4 5 9 8 8
A5 18 8 14 5 3 9 9 7 9
A6 20 6 6 10 5 8 8 6 10
A7 |15 |5 |8 |7 |6 [9 |6 |5 10
A8 21 5 14 12 9 10 7 8 7
A9 16 5 3 13 10 5 5 7 9
A10 11 10 5 7 8 6 6 6 8
All 12 2 4 5 7 7 9 10 10
Al2 10 1 6 6 9 8 6 8 9
Al13 15 1 3 6 4 7 7 8 8
Al4 15 6 8 4 3 6 9 7 7
Alb 29 5 20 7 8 5 8 6 6

TABLE 1. Values of Alternatives by Criteria
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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:

p(¢(z1)) = | -0,00000040
p((z2)) = | -0,00122824
p(4(x3)) = | 0,00216354
p(@(z4)) = | -0,00005168
p(&(z5)) = | -0,00000404
p(@(z6)) = | -0,00004886
p(p(x7)) = 0,00007390
p(&(zs)) = | -0,00103610
p(3(z9)) = | -0,00002359
p(@(x10)) = | 0,00006432
p(@(x11)) = | 0,00000052
p(@(x12)) = | 0,00004843
p(@(x13)) = | 0,00252585
p(@(x14)) = | 0,00145190
p(&(z15)) = | -0,00000940

TABLE 2. Intuitionistic Fuzzy Net Outranking Flow Values

To compare the values in Table 2, the order should be made from smallest to
largest. It has been stated above that after sorting, the alternative with the lowest
value is the best alternative. In addition, the alternative with the highest value in
this table will be the last preferred alternative. When the students evaluated with
the system created in our study are ranked according to their net flow values, the
most successful student is A and the least successful student is A;3. Students’
achievements can be based on intuitionistic fuzzy net flow values. The lower the
net flow value, the higher the student achievement.Thanks to the PROMETHEE
method, which evaluates students by ranking them both positively and negatively,
researchers are offered the opportunity to make bilateral observations, not one-
sided.

5. CONCLUSION

The main goal of this study, in which intuitionistic fuzzy sets and decision-
making methods are used together, is to create a system that takes both course
success and psychological characteristics into consideration when evaluating student
success. This study, conducted in the field of education where the decision-making
mechanism plays an important role, will offer a new way to researchers who want
to evaluate student achievements and guide students.
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